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Preface

This book contains the revised papers of the 10th Enterprise Engineering Working
Conference, EEWC 2020, held September 28, October 19 and November 9–10, 2020,
(online) in Bozen/Bolzano, Italy, as part of BOSK 2020. It was organised by the CIAO!
Enterprise Engineering Network (CEEN), a community of academics and practitioners
who strive to contribute to the development of the discipline of enterprise engineering
(EE), and to apply it in practice. The aim is to develop a holistic and general systems
theory-based understanding on how to (re)design and run enterprises effectively. The
ambition is to develop a consistent and coherent set of theories, models, and associated
methods that enable enterprises to reflect, in a systematic way, on how to realize
improvements, and assist them, in practice, in achieving their aspirations.

In doing so, sound empirical and scientific foundations should underlie all efforts
and all organizational aspects that are relevant should be considered, while combining
already existing knowledge from the scientific fields of information systems, software
engineering, and management, as well as philosophy, semiotics, and sociology, among
others. In other words, the (re)design of an enterprise and the subsequent implemen-
tation of changes should be the consequence of rationalized decisions that take into
account the nature and reality of the enterprise and its environment, and respect rele-
vant empirical and scientific principles.

Enterprises are considered as systems whose reality has a dual nature by being
simultaneously, on the one hand, centrally and purposefully (re)designed, and, on the
other hand, emergent in a distributed way, given the fact that its main agents, the
humans that are the “pearls” of the organization, act with free will in a creative and in a
responsible (or sometimes not) way. We acknowledge that, in practice, the develop-
ment of enterprises is not always a purely rational/evidence-based process. As such, we
believe the field of EE aims to provide evidence-based insights into the design and
evolution of enterprises and the consequences of different choices irrespective of the
way decisions are made.

The origin of the scientific foundations of our present body of knowledge is the
CIAO! Paradigm (Communication, Information, Action, Organization) as expressed in
our Enterprise Engineering Manifesto and the paper “The Discipline of Enterprise
Engineering”. In this paradigm, organization is considered to emerge in human com-
munication, through the intermediate roles of information and action. Based on the
CIAO! Paradigm, several theories have been developed, and are still being proposed.
They are published as technical reports.

CEEN welcomes proposals of improvements to our current body of knowledge, as
well as the inclusion of compliant and alternative views, always keeping in mind the
need to maintain global systemic coherence, consistency, and scientific rigor of the
entire EE body of knowledge as a prerequisite for the consolidation of this new
engineering discipline. Yearly events like the Enterprise Engineering Working
Conference and associated Doctoral Consortium are organized to promote the



presentation of EE research and application in practice, as well as discussions on the
contents and current state of our body of theories and methods.

Since 2005, CEEN has organized the CIAO! Workshop and, since 2008, its pro-
ceedings have been published as Advances in Enterprise Engineering in the
Springer LNBIP series. From 2011 onwards, this workshop was replaced by the
Enterprise Engineering Working Conference (EEWC).

This volume contains the proceedings of EEWC 2020, which received 23
submissions. Each submission was reviewed (double-blind) by three Program Com-
mittee members and the decision was to accept eight full papers and two short papers,
which were carefully reviewed and selected for inclusion in this volume. Following the
spirit of a working conference, we decided to publish post-proceedings after the event,
where the papers that were presented and made available to conference participants
were revised and extended by the authors taking in account the discussions that hap-
pened at the conference, the feedback of the reviewers, and new developments that
might have taken place in the research during/after the conference. This year’s online
format enabled also several interesting keynotes, of which three are included in this
proceedings.

EEWC aims to address the challenges that modern and complex enterprises are
facing in a rapidly changing world. The participants of the working conference share a
belief that dealing with these challenges requires rigorous and scientific solutions,
focusing on the design and engineering of enterprises. The goal of EEWC is to
stimulate interaction between the different stakeholders, scientists, and practitioners,
interested in making enterprise engineering a reality.

We thank all the participants, authors, and reviewers for their contributions to
EEWC 2020 and hope that you find these proceedings useful to your explorations on
current enterprise engineering challenges.

January 2021 David Aveiro
Giancarlo Guizzardi

Robert Pergl
Henderik A. Proper

vi Preface
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enterprises.

This conviction has led to the effort of annually organizing an international working
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Radical Digitalization: Challenges
and Opportunities for Enterprise Modeling

Kurt Sandkuhl1,2(B)

1 Institute of Computer Science, University of Rostock, Rostock, Germany
kurt.sandkuhl@uni-rostock.de

2 Jönköping University, Jönköping, Sweden
kurt.sandkuhl@ju.se

Abstract. Digitalization and digital transformation have been an important topic
for a lot of industries and application domains during the last years. In many
enterprises, the result is a long list of digitalization projects – some of them com-
pleted, many still ongoing - and doubts about long-term benefits. Where are the
disruptive effects of digital transformation? Radical digitalization is a way of (re-
)focusing on innovation opportunities with strategic and long-term effects for an
enterprise. In practice, this requires definition of problems and goals, changes in
business models, design of new processes and services – and much more that can
be supported by enterprise modeling. The resulting challenges and opportunities
for enterprise modeling are discussed in the paper. The perspective taken is the
practice of enterprise modeling rather than new theoretical approaches.

Keywords: Enterprise modeling · Radical digitalization · Digital transformation

1 Introduction

Radical digitalization, the main topic of this paper, is a methodical approach to support
enterprises in focusing on digitalization activities most significant for their long-term
development. Digitalization and digital transformation have been important topics in
many industrial domains since several years (cf. Sect. 2) . Many enterprises made sub-
stantial investments in digitalization projects, which sometimes resulted in success sto-
ries presented to the public and discussed in the media. Examples are fully automated
processing of loan requests in banking1, shops without any cashier in retail industry2,
elevators displaying interactive advertisements while you are waiting3 or lawn mower
robots prepared for third party services4.

However, motivation for the work presented in the paper is the observation that a lot
of enterprises struggle to create business value from digitalization and others hesitate to

1 An example is easyCredit (https://www.easycredit.de/).
2 For an example, see Amazon go (https://www.amazon.com/go) and [1].
3 See https://www.schindler.com/com/internet/en/mobility-solutions/products/digital-media-ser
vices/doorshow.html and [2].

4 See https://www.husqvarna.com/ca-en/products/robotic-lawn-mowers/ and [3].

© Springer Nature Switzerland AG 2021
D. Aveiro et al. (Eds.): EEWC 2020, LNBIP 411, pp. 3–21, 2021.
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4 K. Sandkuhl

invest into digitalization efforts because they have difficulties to decidewhere to start.We
argue that these enterprises could have benefits from exploring digitalization options by
questioning established operational procedures or product features, even outside current
limits of feasibility. This is what we call “radical digitalization”. Our experience shows
that many enterprises focus too much on solving known problems and additionally are
not aware of the state of the art. What to them at first sight seem to be extreme or
radical changes in their business and “impossible to implement” turns out, after closer
investigation, to be feasible on a mid-term perspective if the right strategy is selected.

Enterprise modeling as a discipline offers many methodical approaches to support
digitalization projects (see Sect. 3), but many enterprises do not consider EM as relevant
for digital transformation and, as a consequence, do not systematically use EM tech-
niques. However, to find and implement radical digitalization options requires methodi-
cal guidance. The resulting challenge for theEMcommunity is how to support enterprises
and at the same time bring our knowledge into operation?

This paper is more a combination of a position paper and a report on practices and
experiences than the development of a new methodical approach or theoretical contri-
bution to enterprise modeling. The aim of this paper is twofold: (a) to elaborate on the
meaning of andmotivation for radical digitalization and (b) to provide recommendations
how to apply techniques from enterprise modeling for radical digitalization.

The rest of the paper is structured as follows. Section 2 introduces the field of
digital transformation (DT) and proposes the dimensions operation, product/services
and organizational scope to define the focus of radical digitalization activities. Section 3
gives an overview to existingmethod support from enterprisemodeling for DT. Section 4
defines the term radical digitalization (RD), shows an illustrative example and proposes a
procedural approach. Section 5 presents application examples for RD. Section 6 focuses
on challenges and opportunities for enterprise modeling (EM). Section 7 summarizes
our work.

2 Digitalization and Digital Transformation

Digitization, digitalization and digital transformation are terms frequently discussed
in research and industry without a clear differentiation of their meaning. Digitization
basically refers to transforming analog representations into computer-readable (digital)
representations. In an enterprise context, digitization often is a precondition for optimiz-
ing processes and making operations more efficient and includes, for example, replacing
printed forms or documents by digital ones. Digitalization can be described as a gen-
eral term for activities transforming information, processes, products or services into a
form that can be handled, supported or processed by information and communication
technology [4]. Examples for such activities are the optimization of work and business
processes (including automation of internal workflows), electronic data exchange with
customers and suppliers; introduction of electronic commerce or support websites for
products, customer communication and sales channels via social media, etc. [4].Digital
transformation is concerned with the changes digitalization and digital technologies can
bring about in a company’s business model [5], including the transformation of existing
products or services into digital variants that offer advantages over tangible products
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[6]. The focus here is on the disruptive potential of digital technologies and the resulting
substantial change in markets and social and economic consequences [7].

Digitization and digitalization have to be considered as well researched topics. The
focus in current research ismore on digital transformation, i.e. when emerging changes in
customer needs, competitive constellations, potentials for new service offerings or new
partner structures affect both the value offering (i.e. the products or services) and the value
creation processes (i.e. manufacturing or service delivery) of a company [8]. Berman
and Bell [9] proposed to distinguish between transformation of the value proposition and
the value creation when analyzing and planning digital transformation. Our work refines
these two “dimensions” into several transformation stages and adds the dimension of
organizational scope. The dimensions all are divided into different steps, which form
the prerequisite for the next step.

Fig. 1. Operations dimension of digital transformation

In the operations dimension, illustrated in Fig. 1, the lowest level is characterized by
the usage of non-digital representations (i.e., without IT support) for information, for
example forms on paper, folders with printed documents or assembly instructions on
paper. There is probably hardly any company without some kind of IT-support but there
are many companies where some task or activity still is performed using non-digital
means. Here, the first step towards digital transformation would be digitization, i.e., to
replace the analog with digital representations of the content, e.g. documents as PDF or
forms to be filled in on a computer. With digital representations, automated processing
of data would be possible, which is the next step. For this step, the usage of information
systems or process technology is necessary to achieve an automation of process steps
and end-to-end coverage of the process under consideration. The last step would be
an integration of processes within the own enterprise or with partners, suppliers and
clients, if desirable. Such integration aims at avoiding re-entering the same data in other
IT systems for other processes.

In the product/service dimension, illustrated in Fig. 2, the most basic step are phys-
ical products without any built-in IT or services delivered without IT support. The first
step is to complement the product/service with IT-based information but without actu-
ally changing the product/service. An example would be maintenance information for
products or information about services on the web. The next step is to extend function-
ality and value proposition of products by integrating IT-components, for example to
allow for monitoring the status of a product based on sensors and control units in the
product connected it to a computer network. For services such an extension could be
monitoring via Internet how much of the service has been completed. The third step is
redefinition of the value proposition of a product or service which leads to a completely
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new value offering and requires connecting to the Internet and managing the behavior
and functionality with IT. An example is to sell the functionality of the product instead
of a physical device, measured in operation hours or performance delivered – which
practically would not be possible without the sensors and Internet connection.

Fig. 2. Product/Service dimension of digital transformation

In the organizational scope dimension, illustrated in Fig. 3, we address if the digital
transformation is targeted at the complete enterprise or only specific units. From an
initial situation without any digital transformation activities, the first step would be pilot
activities for single organization units, for example by starting in a service unit with staff
and customers open for digitalization. The next step could be to extend the experiences
from the pilot project to a complete organizational function (e.g., all maintenance and
repair units) or organizational unit (e.g., the division responsible for a certain product
line). The third step would be to include the whole organization.

Fig. 3. Organizational Scope dimension of digital transformation

For the radical digitalization discussed in Sect. 3, the above dimensions of digital
transformation serve as an aid to define the scope and focus of “radical” activities: what
radical innovation options exist for operations?; what options for the products/services?;
what organizational scope has to be included?

3 Method Support from Enterprise Modeling for Digital
Transformation

The introduction to the field of digital transformation in Sect. 2 showed that DT poten-
tially concerns business models, processes, products and services, organization struc-
tures and capabilities, i.e., all aspects of an enterprise. It also showed that DT basically
is an organizational change process that needs to be anchored in knowledge about the
current situation in an enterprise and has to include the systematic design of the future
situation. The field of enterprise modeling offers a large number of different methods
to support DT that address, for example, the various aspects of an enterprise (business
process modeling, product modeling, service modeling, goal modeling, etc.) or different
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transformation phases (analysis of current situation, development of DT options, design
future situation, etc.). There are only a few methods addressing digital transformation
specifically, for example DITP [10]. An overview and description of EM methods is
given in textbooks on conceptual modeling [11] and enterprise modeling [12].

For the purpose of this paper, it is useful to group existing EM methods along two
viewpoints:

• the level of granularity addressed by existing methods: is the focus of a method
to analyze or design “in the large”, i.e., overall structures and processes or general
architectures and components? Or is the focus more on exact details and specifics,
i.e. analysis/design “in the small”? Analysis and design in the large is more important
for phases of scoping, idea generation and discussion of potential DT alternatives,
whereas “in the small” is required for identifying change needs in detail or designing
details of implementation.

• the dimensionality of the method: is the focus on modeling one specific aspect (e.g.,
goals, processes, products, etc.) or on integrating multiple aspects into the same
model?

Table 1 uses these viewpoints and proposes to group existing EM methods accord-
ingly. In particular in the first row (i.e., methods with focus on one selected aspect), the
table only contains some examples of the many existing methods.

Table 1. Enterprise modeling methods to support digital transformation

Dimensionality Granularity

Analysis and Design “in the
large”

Analysis and Design “in the
small”

Focus on one selected aspect Service blueprinting; Feature
Modeling; Value Modeling;
Goal/Problem Modeling;
Business Process Maps; […]

Information Modeling;
Business Process Modelling;
Product Modeling; Software
Modeling; […]

Focus on integrating multiple
aspects

Modeling Business Models;
Enterprise Modeling;
Enterprise Architecture
Modeling; Capability
Modeling

Enterprise Modeling

As radical digitalizationmostly is addressing the identification, evaluation and selec-
tion of DT options, we argue that mainly analysis and design in the large is required
with a focus on various aspects of the enterprise relevant for the business model and the
future enterprise design. Thus, we will shortly describe the EMmethod categories in the
lower left quadrant of Table 1 in the following, as they are considered the most relevant
ones: modeling business models; enterprise modeling; enterprise architecture modeling
and capability modeling.
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Modeling Business Models
In general, the business model of an enterprise describes the essential elements that
create and deliver a value proposition for the customers, including the economic model
and underlying logic, the key resources and key processes [13]. Most approaches for
analyzing and developing business models include several dimensions or perspectives
of an enterprise, which typically include the value proposition, value creation activi-
ties, customers and competitors, capital model and supplier or partners. Examples for
frequently used approaches are the business model canvas [14], business model innova-
tion [15] and business model management [16, 17]. In the business model management
approach, six partial models are recommended [17]: the capital model is subdivided
into financing model and revenue model. The financing model describes the sources of
the capital that is necessary for business activity. The revenue model provides means to
generally systemize business models by four dimensions: direct or indirect generation of
revenue, aswell as the transaction-dependent and the transaction-independent generation
of revenue. The procurement model describes production factors and their sources. Here
the distribution of power between suppliers and demanders is an important aspect. The
manufacturing model covers the combination of input factors to new goods and services.
Demand structures as well as the competitive situation are described by the respective
sub-models of the market model. The service offer model defines which services are
provided to the customers, while the distribution model focuses on the channels that are
used to make the services available to the specific customer groups.

Enterprise Modeling
EM is the process of creating an enterprisemodel that captures all the enterprise’s aspects
or perspectives required for a given modeling purpose, like modeling the “as-is” or “to-
be” situation in digitalization or digital transformation. An enterprise model consists of
a set of interlinked sub-models, each of them focusing on a specific perspective, like
processes, goals, concepts, actors, rules, information systems (IS). EM is performed
with the help of enterprise modelling methods [12] used for capturing, communicating,
and sharing enterprise knowledge [18]. Depending on the way and extent of involve-
ment of enterprise stakeholders in modelling, some EM methods can be characterized
as participatory, i.e., EM involving users or enterprise stakeholders is called participa-
tive modelling [19]. Participatory enterprise modelling includes collaboration activities
between enterprise stakeholders and modelling experts during joint modelling sessions.
The aim with a participative approach for EM is to simultaneously work with differ-
ent stakeholders in a collaborative way to avoid conceptual deviations (misalignment)
between the stakeholders and their different perspectives.

Enterprise Architecture Modeling
The field of Enterprise Architecture (EA) [20, 21] has been developed for more than
a decade as a discipline that aims to model, align and understand important interac-
tions between business and IT [22]. Enterprise Architecture Management (EAM) is
a management approach that establishes, maintains and uses a coherent set of guide-
lines, architecture principles and governance regimes that offer direction and support
in the design and development of an architecture to realize the enterprise’s transforma-
tion objectives. An effective architecture management approach for digital enterprises
supports the digitalization of products and services [23].
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EAM, as defined by several standards such as ArchiMate [24] and TOGAF [25], uses
a relatively large set of different views and perspectives for managing and documenting
the business-IT-alignment. According to TOGAF the enterprise architecture is divided
into four partial architectures [25]: Business Architecture defines the business strategy,
governance, organization and the most important business processes; Data Architec-
ture describes the structure of logical and physical data elements and data management
resources in the organization; Application Architecture defines a design for the indi-
vidually used application system and its relationship to the core business processes of
the organization; Technology Architecture describes the software and hardware func-
tions required to support the development of business, data and application services.
This includes IT infrastructure, middleware, networks, communication, processing and
standards.

Capability Management
Capability management promotes an organizational mindset that puts capabilities in
focus of business model, organizational design and information systems development.
The definition of capability is the ability and capacity that enables an enterprise to achieve
a business goal in a certain context [26]. Implementation of capability management
has to address the perspectives of enterprise strategy and vision (e.g. goals and key
performance indicators), enterprise designs such as processes and IS architectures, the
anticipated deployment contexts of capabilities and their effects on enterprise designs,
as well as best practices (e.g. process variants and patterns) for dealing with context
changes.

In [27] a method to capability management is introduced, which describes a system-
atic way to plan, design, develop, deploy, operate, and adjust capabilities. This method,
the capability-driven design and development (CDD), consists of a number of method
components each focusing on a specific task of the capability cycle, such as Capability
Design, Context Modeling, Patterns and Variability Modeling, Capability Adjustment
Algorithm Specification, as well as method extensions for dealing with certain busi-
ness challenges such as supporting business process outsourcing and managing service
configuration with the support of open data [28].

4 Radical Digitalization

Based on the background information presented in Sect. 2, this section introduces our
view on radical digitalization (RD). In Sect. 4.1, we define the term and discuss what
enterprises are likely to have benefits from working on radical digitalization options. In
Sect. 4.2, an application case from manufacturing is presented to illustrate the need for
RD. Section 4.3 introduces a procedural approach for RD in enterprises.

4.1 Definition and Target Groups

As already discussed in the introduction, our position is thatmany enterprises do not fully
exploit the potential of digitalization because they stay in the limits of current products
and services and focus on solving known problems instead of aiming at far-reaching
innovations. Such enterprises could have benefits from investigating what potential for
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severe or “extreme” changes in their business models, products and operations exists.
They should be encouraged to think “radical” as this might help to find opportunities
(and sometimes threats) and support identification of the most promising DT ideas. We
propose to call this approach “radical digitalization” with the following definition:

Radical digitalization is concerned with fundamental and far-reaching changes
digital technologies can bring to an enterprise’s operations and products. The
search for radical digitalization options should be deliberately detached from
current limits of feasibility in order to focus on digitalization options with potential
for significant and long-term competitive advantages.

Much literature on DT considers digital innovation and disruption as element of DT
(see, e.g., [29]), which also positions radical digitalization within the field of DT as
fundamental and far-reaching changes often are disruptive. It is important to notice that
the term “radical” relates to the enterprise under consideration and not to the general
state-of-the-art.Whatmight be an extreme and radical innovation for a certain enterprise,
could be the established practice in another company.

The approach of radical digitalization is not relevant and suitable for all enterprises.
Enterprises already successful in digital transformation or in domains not affected by
digitalization obviously do not need an approach supporting DT. The most promising
target groups from our experience are

• enterprises with some history in digital transformation, for example manifested in
digital innovation projects, but expecting more potential and value creation from
innovations with digital technologies, and

• enterprises that investigated digitalization, are aware of the need for digital innova-
tions, but did not start any activities yet. Often, such enterprises seem to be lost in
the “forest” of advices presented in digital transformation guide books and by DT
experts.

4.2 Application Case for RD from Manufacturing Industries

As an illustration for the need of radical digitalization, we use an application case from
manufacturing industries. The companyunder consideration is part of amajor automotive
group and producing tools that are used in manufacturing processes at the automotive
group’s production sites and at production facilities of other carmakers.The construction,
production and maintenance of the tools is the main business of the case company.

The case company is operating largely independently of the automotive group andhas
own decision rights regarding the internal organizational structures, business processes,
IT infrastructure, information systems and technology selection. In 2017, when the
automotive group started a major digitalization strategy, the case company also started
to invest in own digitalization activities. As a result, a portfolio of digitalization projects
was defined with the aim to increase the effectiveness and efficiency of operations of
the case company. In bi-monthly steering meetings, the projects of the portfolio are
discussed and the status is updated. Figure 4 shows an excerpt of the visualization of
the portfolio, the project map, at the end of Q2 2020. The project map includes four of
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the nine departments (blue columns) and the ongoing (upper part) and planned projects
(lower part) in these departments. Figure 5 explains, what information is included for
every project in the map.

Version 9.1 Finished
28.09.2020 Halted

Mark Bucherer

Design Floor Planning Produc�on Delivery
F. Porth J. Meyer A. Bill T. Franke
WSCAD - Excel Integra�on Occupied Resource Register Speech Recogni�on MES Packing List Control
F. Porth 20 Q3-Q4 H. Schmidt 30 Q3-Q4 P. Wang 25 Q3 T. Franke 35 Q3-Q4

Ongoing Change Update Produc�on Blocked Space Register Pick by Light valves Warehouse List Sync
L. Furthwengl 50 Q2-Q4 G. Mahler 22 Q3 J. Wi�e 40 Q3-Q4 G. Mahler 12 Q3

2020 Change Update Floor Planning Worker Assignment Digital Signage Dashboard
N. Herrmann 22 Q3 J. Meyer 10 Q4 A. Bill 20 Q3

BoM Extrac�on Tablets/Specialists
J. Ivanovic 22 Q3 M. Konrad 25 Q4

E-Plan Integra�on Indoor Naviga�on Speech Recogni�on WH Control Speech Recogni�on Offload
F. Porth 35 Q1 J. Meyer 35 Q1 P. Wang 35 Q1 P. Wang 25 Q1

CAD - CAM Interface Find my Tool Tablets/Foreman Route Planning 4.0

Planned L. Furthwengl 12 Q3 G. Mahler 12 Q2-Q3 M. Konrad 25 Q1 T. Franke 12 Q2-Q3

2021 Digital Floor Plan Tablets Moun�ng Sta�on FM and LP Integra�on
J. Meyer 45 Q2-Q4 M. Konrad 30 Q2 L. Polomski 22 Q1

Integra�on with V.AG MES - ERP - DS pathway
H. Zepf 33 Q3-Q4 J. Schmi�30 Q1-Q2

I4.0 Sensor set-up
P. Gabriel 30 Q3-Q4

Fig. 4. Project portfolio of the case company (Color figure online)

Fig. 5. Explanation of information in Fig. 4

The CEO and the management group of the case company are not fully satisfied with
the digitalization results achieved so far. Although a lot of activities and projects were
successfully completed and contributed to the aim of more efficiency and effectiveness,
there is the general impression that these projects did not result in a bettermarket position
or increased competitiveness of the case company. In the management group, there was
an ongoing discussion and disagreement whether to start a new digitalization initiative
or not. The supporters argued that some important aspects of digitalization haven’t been
investigated yet. The opponents argued that the majority of the ongoing projects should
be completed before starting new ones because they already consumed some efforts and
there is no additional capacity available in the organization.
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An analysis of the project portfolio in September 2020 revealed some facts that
helped to explain this disagreement:

• in total, there are 67 projects in the portfolio (38 ongoing in 2020, 29 planned for
2021),

• most projects are managed by the department’s regular line managers and most of the
project work is done by the employees of the department “on the side” of their regular
everyday duties,

• the topics of the projects include digitization, digitalization and digital transformation
activities. Furthermore, they target operations and products/services,

• many projects are delayed.

Due to the large number of ongoing projects and the strategy, to mainly use the
regular staff of the company to run the projects, the organization basically has reached
its capacity limit for digitalization activities. All projects are treated as equally important
(i.e., there is no prioritization), and the portfolio includes projects which could be seen as
conventional IT projects. For example, the automation of the process flow for registering
vacation periods of the employees has the same priority as the integration of a new sensor
into the production tool that supports preventive maintenance.

In the above context, a radical digitalization activity was started (see next section)
with the objective to investigate - completely independent from the existing project
portfolio, technical feasibility and resource availability –what far-reaching digitalization
options for operations and products exist. If convincing options could be identified,
the plan was to revisit the project portfolio in order to free resources by canceling or
postponing projects and giving the newly identified option priority.

4.3 Procedural Approach

From a methodical perspective, radical digitization projects and “conventional” digital-
ization projects share the same basic steps. There should always be a preparation step
to define the project goals and establish organizational frame conditions (time frame,
budget, staff, etc.); what to achieve and how to achieve it has to be specified in sufficient
detail; and for the implementation of desired future situation, there has to be an imple-
mentation roadmap and projects to realize the solution accordingly. All these steps can
be supported by the EM methods introduced in Sect. 3.

The most significant difference of radical digitalization projects and conventional
ones lies in the first step. As the aim is to find digitalization options with potential for sig-
nificant and long-term competitive advantages – which even might be seemingly drastic
or unrealistic – well prepared idea generation workshops with strong participation from
the enterprise side and careful preparation are recommendable. Based on our experience
from RD projects, a participatory way of working involving all relevant stakeholders
in the enterprise, i.e., different enterprise functions and hierarchy levels, not only the
management, is strongly recommended. This increases the diversity of radical ideas and
the available knowledge from the inside of an enterprise. The exact knowledge of the
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current situation in the enterprise is not absolutely necessary, but knowledge about tech-
nological trends, market changes inspiring ideas from related areas is very useful (see
also Sect. 6.1).

Such workshops should include the exploration of digitalization options, selection of
the most promising one(s), initial evaluation of these options with respect to feasibility,
required efforts and effects on business model and organization, and definition of the
next steps towards an implementation roadmap. Table 2 shows typical steps for preparing
and conducting such a workshop.

Table 2. Procedural steps for radical digitalization workshops

Phase Step Activity

Workshop preparation Preparation for application
domain

• Explore trends in the domain
• Relevant technological
innovations

• Innovations in related industries

Preparation on management
level

• Meeting with Top Management
to motivate/get resources and
mandate

• Select participants from all
relevant departments

Preparation on participant
level

• Inform all participants about
purpose of the workshop

• Encourage them to bring unusual
ideas

RD workshop Idea generation • Collection of digitalization
options

• Divided into “products” and
“operations” (see Sect. 2)

• Joint clustering and
identification of “top” priorities

Evaluation • Evaluation of top priority
options, possibly in smaller
groups or parallel working
streams

• Composition of groups
depending on topic

Selection • Presentation of results of all
groups

• Joint decision on priorities

Implementation planning Implementation roadmap • Define implementation roadmap
• Secure organizational
commitment, funding and staff

Project start • Initiate first projects
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The application case described in the previous section used this procedural approach
for preparing radical digitalization. A radical digitalization workshop was planned to
investigate the potential for drastic changes and innovations, like, reduction of produc-
tion time to 10%, elimination of setup time of the production system, or fully auto-
mated internal logistics. Preparation and execution of the workshop included several
steps: together with the management, participants were selected representing all rel-
evant departments of the company (design, production, logistics, procurement, human
resources, economics, service and customer care), mostly represented by the heads of the
unit. All participants were informed beforehand about the purpose of the workshop, the
need to think “out-of-the-box” and the importance of their participation. The workshop
consisted of three major steps:

Step 1 encompassed the collection of proposals from the participants for the radical
digitalization of products and of operations. The facilitator of the workshop guided
sorting of the ideas into groups. Step 2 aimed at joint clustering the collected options
and definition of priorities. The purposewas, essentially, to agree on a joint understanding
and a clear separation of all clusters. The clusters the participants agreed onweremarked
with different colors. The definition of priorities was done using a voting approach. In
Step 3, an initial evaluation of the top three options for radical digitalization of products
and the top three transformations in operations was done. For this purpose, the workshop
switched from a joint sessionwith all participants to parallel sessions in two groups. Each
group started with one option and had the task to elaborate the essentials of the option.
After having completed all options all participants gathered and selected the top priority
to be implemented.

After theworkshop, an implementation roadmapwas developed by a group of depart-
ment heads and the top management. The implementation projects included the defini-
tion of the business model changes in more detail using a method for modelling business
models (see Sect. 3). With the future business model defined, the required changes in
the enterprise architecture were determined and the development of an enterprise model
for the future situation started.

5 Application Examples of Radical Digitalization

In addition to the illustrative example discussed in Sect. 4.2 and 4.3, this section provides
some more application examples for radical digitalization. The examples originate from
the application sectors industrial services (ventilation/air condition facilities), hospitality
services (restaurant) and manufacturing (producer of pumps).

Service Provider of Ventilation/Air Condition Facilities
The case study company offers services in the field of ventilation, air conditioning,
refrigeration and clean room technology. Business units are construction, production of
ventilation components, engineering service, and maintenance and repair. The focus of
the digitalization activity was in the area of maintenance and repair, i.e., the scope of
the digitalization was the maintenance department. The major service offered is inspec-
tion and maintenance of ventilation/clean room facilities, which often consist of several
hundred components, various control units and many filters and fluids to change dur-
ing maintenance. Documentation of all maintenance steps is important due to existing
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regulations and high quality requirements. The project was initiated because the service
technicians and maintenance manager complained about too many printed documents,
forms to fill in and time required to do the paper work.

Radical digitization objective in this project was to “reduce administrative effort
for the maintenance process to 20% of the initial amount” – which the management
group of the company considered as very ambitious and difficult to reach. In this context,
the administrative tasks include arranging appointments, creation & checking of orders,
creating checklists & protocols, instructing technicians, procurement of spare parts and
consumable supplies, writing invoices etc. The status of the processes was captured and
modeled, all relevant roles identified and the existing information and document flow
determined.

The company managed to reduce the effort to roughly 30% by replacing all printed
documents and folders by electronic representations and by automating many process
steps: The service technicians were equipped with a mobile device and the maintenance
department with an additional software package that allowed for digital assignment
of orders to technicians and provision of all documentation. During maintenance the
technicians can use QR codes for identification of components in the facility, access to
technical specifications, data capturing and the maintenance protocol. As soon as the
technicians define the order as completed, the invoice to the customer is automatically
generated in the back-office and the procurement of spare parts and consumables for the
next maintenance is generated.

Restaurant Group
The second example is a restaurant group at the German Riviera. The motivation for
digitalization is increasing popularity among tourists and locals, and at the same time
problems to recruit more staff members to meet the growing demand. The owners of the
restaurant considered digitalization as possibility to increase efficiency in operations and
at the same time improve the image as “modern” location. The overall goal was to have
more time for excellent food and service for the guests. To reach this goal, the radical
idea emerged to take nomore phone calls during opening hours. This basically meant
that communication with the customers by phone, for example for booking a table, had
to be replaced by a digitized process acceptable and with added value for the customers.

An analysis of the established IT infrastructure in the restaurant showed a point-
of-sale cashier system (POS), an accounting system and content management for the
website and social media. Booking of tables in the restaurant was made by calling or
visiting the restaurant. The staff would write this into a large book with separate pages
for every day. When leaving the restaurant, the customers received a printed sales slip;
formal invoices were sent on request some days later.

In the digitalization project, one step taken was to substitute the physical “reser-
vation book” by digital booking of tables. For this purpose, the new booking process
was designed from customer and staff perspective, the booking function in the POS
was activated and a booking link was added on the web-site and in social media. The
next activity was to implement “one step check-out” for the customers, which basically
addressed digitalizing the payment process. This included the possibility to register
payment data when booking the table, and an extension of the POS for customer man-
agement. As a result, the customers only had to sign the bill and the restaurant would
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initiate the payment and send an electronic invoice by e-mail. From a technical per-
spective, the restaurant case transformed into digital on-boarding and off-boarding of
customers including integration with back-office processes.

Producer of Pumps
The third example is a medium-sized manufacturer of different kinds of pumps and
pumping technologies, e.g. swimming pool pumps, sewage pumps, industrial pumps for
heavy environments or ship pumps. After-sales services are also part of the business,
which include maintenance and repair. Although its business is stable and developing
well, the management decided to explore digitalization as possibility to create new
service opportunities and business models. One of the core ideas of the company’s
product management was to integrate sensors into the pumps, equip them with a data
communication device and send sensor information to the back-office. In this context,
the radical idea emerged to have no more business trips for the maintenance staff.
This basically meant that maintenance of the pumps had to be possible without visiting
the location where the pump is installed.

The digitalization project implemented a “digital twin” of the pumps by, for example,
integrating additional sensors for measuring throughput, energy consumption, soiling,
and providing a real-time visualization of the pumps’ status for the maintenance staff
in the back-office. Furthermore, changes in the organization structure were made: the
maintenance department was extended with a “monitoring and control” unit and agree-
ments with regional service providers were made. Although the resulting new service of
“remote monitoring” was not meant to replace the established maintenance service, it
provided the foundation for a new service offer as an alternative to buying the pump as
such: pumping-as-a-service. Pumping as a service aims at selling the functionality of the
pump instead of the pump as physical device, which would lead to a service agreement
where the company is paid for pumped cubic meters or hours of pumping.

6 Challenges and Opportunities for Enterprise Modeling

Radical digitalization projects offer many opportunities for applying enterprise model-
ing techniques, but also provide some challenges for the enterprise modelers working
in such projects. The opportunities essentially have already been described in Sect. 3
when discussing the existing EM methods for digital transformation: enterprise mod-
eling offers a large number of different methods to support digitalization projects in
general, and also radical digitalization projects. As illustrated in the application case
in Sect. 4, method support is available for all essential aspects of radical digitalization.
Thus, enterprise modelers should actively offer participation in radical digitalization
projects or develop such projects in cooperation with enterprises.

One of the challenges to address is how tomake companies realize the usefulness and
value of EM and start to apply the existing methods. The key to this question probably
is that “modelling is not an end, i.e. a purpose on its own, but a means to an end” [30].
For companies interested in digitalization, digitalization is the “end” and EM a means
to reach this end. This basically means that a company’s problems or challenges have to
be the starting point for any EM project.
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When it comes to the challenge of “value creation by digitalization” the employees
and stakeholders of an enterprise probably are the key to identify the right digitalization
option, but in order to motivate their participation in digitalization projects and to con-
vince the management, there must at least be a basic understanding of the situation in
the enterprise or in the industrial domain of the enterprise. The resulting challenge from
enterprise modelers is to either develop the necessary knowledge or to team up with an
expert in the domain under consideration.

The other challenges discussed in this section are related to the actual modeling tasks
in the radical digitalization projects. The aim is to provide advice and practices.

6.1 Find the Most Promising Digitization Option

As explained in Sect. 4, the digitalization workshop at the beginning of a radical digi-
talization project is probably the most important step. It is essential for the project that
the workshop is considered as successful by the participating employees and stakehold-
ers and that it results in a convincing digitalization option with the potential to create
long-term competitive advantages. Thus, preparation of the workshop is very important
which holds the challenge for the enterprise modelers and facilitators of the workshop to
define a strategy for conducting the workshop and activating the participants. In addition
to the recommendations in Sect. 4.3, this section addresses the challenge how to act if
the enterprise stakeholders do not bring innovative ideas to the workshop and collection
of “radical” options is slow or not progressing at all.

In this situation, i.e., when entering radical digitalization projects as an enterprise
modeler or an external consultant who aims at supporting the enterprise, it usually
makes sense to have some examples or guiding questions available, which can provide
inspiration to the stakeholders in the enterprise. These examples or questions should only
be used if the creative part of the workshop (see Sect. 4.3) does not result in sufficient
ideas. If the stakeholders come up with own proposals, no inspiration is needed and
should be used.

Table 3 presents a selection of objectives that many enterprises would consider as
radical. If the objective contains percentage values (e.g., reduce […] to 10%), these
values are examples. When confronted with the objectives, the stakeholders in an enter-
prise will often consider them as impossible to reach, which is part of the approach. If
reaching the objective would mean an important and long-lasting strategic advantage
for the enterprise, it is important to explore how close the enterprise can get to reach-
ing the objective. Often, the stakeholders are not aware of technical and organizational
possibilities.

For each objective, possibilities for organizational or technical ways to reach the
objective are given in Table 3. These possibilities stay on a very general level because
they only can be elaborated in more detail for a concrete enterprise and the situation
in this enterprise. Enterprise modelers should prepare such a list of questions or even a
similar table for the workshop and also have a set of real-world examples available who
worked with similar objectives.
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Table 3. Examples for radical digitalization objectives

Dimension Digitalization
objective

How to achieve the objective?

Operations Reduce the duration of a business process to 10% • Provide all inputs to the process machine-readable
• Automation of process steps as far as possible
• Eliminate exceptions from process flow as much as
possible

• Investigate outsourcing of process steps to more
efficient partners

• Remove process steps not contributing to core value
creation

Operations Reduce the effort of a business process to 10%

Services Only self-service for certain customer groups • Create digital processes and IS-support for all
customer services

• Switch all customer-related communication to
digital channels

• Revise customer journey and touchpoint concept

Products All product variants can be produced on the same
production line

• Integrate control unit into products that can be
configured during assembly

• Implement modular product structure that allows for
adding/removing components based on customer
order

• Connect production line to manufacturing execution
system that allows for individual
configuration/composition of products

• If necessary, change variants of products offered to
customers to what can be produced on the
production line

Services Fully automatic performance of defined services • Define inputs, outputs and interfaces for services
• Transform all supporting business processes and
applications to digital ones

• Define decision logic for services

Products Substitute all products by service • Re-design products to include actuators and sensors
for all essential functions and information

• Design customer services and market offers for
“product-as-a-service”

• Design preventive maintenance and reliable
operation services

Products Reduce number of components to 20% • All products have to use the same components, i.e.,
strict modularization and defined interfaces

• Implement customer demands only by configuration
of components

6.2 Make Sure the Best Option Actually Is Implemented

Of utmost importance in radical digitalization projects is the identify the most promising
digitalization option that is accepted by the key stakeholders in the organization as the
option to pursue and that is expected to result in long-lasting competitive advantages.
When this option has been identified, for example by using the procedure presented in
4.3 and supported by the questions in 6.1, the next challenge is to carefully plan the
implementation of this option.

Planning the implementation has at least two aspects: (1) the technical and organi-
zational implementation roadmap, including design and development process of future
operations and/or products and services, and (2) sufficient funding, staff and organiza-
tional commitment from top management and company owners for the implementation
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roadmap. The former to a large extent can be prepared and supported with EM methods
(e.g. for detailing the business model, enterprise architecture, product/service details
or business process changes), whereas the latter requires experience in organizational
change management and often also innovation management.

To avoid that great digitalization ideas developed and supported byvarious stakehold-
ers in an enterprise never reach the implementation phase, the innovation readiness and
possibilities for implementation should already be discussed in the preparatory meetings
with the management. This includes aspects such as willingness for strategic investment,
risk tolerance, previous experience in innovation projects or availability of competences
and staff capacity [31].

6.3 One EM Approach Might Not Be Sufficient

Many enterprise modelers will be able to name their favorite and most frequently used
EMmethod– and this probablywill be themethodwith their highest level of expertise and
experience. Specialization on one or a small number of EMmethodsmakes perfect sense
in conventional EM projects, in particular because this also has to include knowledge
about supporting tools, established practices, reusable models, etc. However, for radical
digitalization projects this this might not be sufficient.

InRDprojects the application domain under consideration and/or the different phases
of the digitalization projects often require a spectrum of different methods. A number of
industrial application domains have established practices or de facto standards when it
comes tomodeling which can be useful when exploring digitalization options. Examples
are—Furthermore, early phases of elaboration RD options often are better supported
by business model approaches, whereas later phases require enterprise architecture or
capability modeling.

In this context, it oftenmakes sense to have an enterprisemodeling teamwith different
competences that performs the RD project. Among the team members should always be
someone with expertise in the application domain under consideration and an expert in
participatory modeling. Furthermore, knowledge in analyzing and designing business
models and “architecture thinking” often are required.

7 Summary

The core topic of this paper is how to help enterprises to find promising digitalization
options with far-reaching effects – and how to apply enterprise modeling methods for
this purpose. We propose the approach of “radical digitalization” that builds on the
mindset that thinking in drastic changes or setting seemingly unrealistic goals help
enterprises to look beyond established practices and products and to identify valuable
future digitalization options. Radical digitalization basically is a special way to approach
digital transformation, which applies participatorymodeling in the early phases of digital
transformationprojects and includesmodeling the changesDTwill require fromdifferent
viewpoints (e.g., business model, enterprise architecture, capabilities) and in different
perspectives (processes, organization structures, products, IS/IT) of an enterprise.
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One aim of our work also is to encourage the enterprise modeling community to
take a stronger stake in digital transformation. The field of enterprise modeling offers
many modelling methods valuable for digital transformation. Section 3 discusses some
of these approaches; Sects. 4 and 6 discuss possibilities to apply them; and Sect. 5
provides examples.
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Abstract. In this paper, human-centred design is put forward as an intellectual
framework that can benefit both organization design (OD) and enterprise engineer-
ing (EE) research. The paper starts with a very brief summary of the main ideas
contained in the bookDesigningOrganizationDesign: a human-centred approach
[18], where the principles of human-centred design have been applied to organi-
zation design. The paper suggests that while integration between OD and EE may
not be a feasible proposition as part of the modelling exercise, the human-centred
organization design (HCOD) framework can provide the contextual background
in which EE researchers can/should situate, conceptualize, develop, and test their
abstracted process models. Moreover, HCOD can provide important conceptual
hooks to link separate projects in the areas of OD and EE. Two suggestions are
put forward: the first concerns the modelling of meaning and sensemaking in the
interaction of human actors, and the second refers to the use of the notions of
causal and narrative design trace to keep track and analyze multifarious aspects
of the organization’s self-awareness.

Keywords: Human-Centred Organization Design · Principles ·Meaning ·
Sensemaking

1 Introduction

In 2005–6, I was approached by my friend Jose Tribolet of the University of Lisbon with
a research project on organizational engineering. I had never heard of organizational
engineering and it sounded almost like a contradiction in terms, but it was certainly a
challenge, especially because of the opportunity to put to work some of my doctoral
research in the information systems discipline. In responding to Jose, I had to decide
how I might contribute to the project and my almost immediate reaction was to say:
“organization design seems to the be the right match for organizational engineering”!
And so, the projectOrganization Design and Engineeringwas born, later to be renamed
Organization Design and Enterprise Engineering.

As the project got underway, I become increasingly (and alarmedly) aware of the lim-
itations of organization design as a topic represented in most textbooks of management
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or organization. Firstly, in spite of its name, there is hardly any design in organization
design.While for engineers, theword “design” is part of a process of building something,
for us inmanagement and organization, organization designwas the same as establishing
the macro structure of the organization, wholly silent about the micro level. Secondly,
while engineers are very interested in the modeling of organizational processes, for us
in management and organization processes are not part of the concerns of organization
design at all. Organization design seemed to be reserved only for discussions about ver-
tical workflows, but never horizontal ones. Thirdly, most engineers expect organization
design theory to have something to say about behaviour, however in management and
organization textbooks, organization design is mostly portrayed as an activity charac-
terized by “cold cognitive scripts and rules” rather than “hot emotional attitudes and
beliefs” [7].

Thus, I had to concede that organization design was not only underspecified as a
field of study but was also not very useful as practical management tool. Meanwhile,
the research literature had been spawning several very interesting pieces containing new
ideas and alternative directions for organization design; however, attempts at bringing
the pieces together could not be found anywhere…Beyond contingency theory, no com-
mon thread could be discerned to keep organization design together as a coherent body
of knowledge. Yet, among the emerging trends, there was one that showed particular
promise – design, with particular reference to human-centered design, applied to organi-
zation design. Design principles seemed to apply naturally to the design of organizations
or, at least, to the design of a new conception of organizations. Both are/should be:

• Systemic
• Interactive and network-based
• Service-oriented
• Normative/Ethics-oriented
• Desiderata/Innovation-oriented
• Meaning-oriented

Hence, if design and organization design share fundamental principles, the design
disciplinemight conceivably be a key source and a uniting thread for organization design.
This was the working hypothesis that set me off on a long journey of academic research,
which resulted is an entirely new approach to organization design – Human-Centred
Organization Design – recently published in a book by Oxford University Press [18].

In parallel, the issue of the integration of Organization Design (OD) and Enterprise
Engineering (EE) research was always a target of my research efforts and over time I had
the privilege of contributing towards several initiatives aimed at tackling this issue. How-
ever, themacro nature ofODapproaches dealingwith structural or behavioural aspects of
the organization, and the micro focus of EE research aimed at the modelling of processes
abstracted from parts of the organization, makes integration a real challenge. The proof
of the difficulties faced by various integration attempts is the relative lack of success of
the two journals, which I helped to launch in the period 2010–18: International Journal
of Organization Design and Engineering (Inderscience) and Organization Design and
Enterprise Engineering (Springer).
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So, how can Human-Centred Organization Design (HCOD) contribute to the
advancement of EE research, as well as joint EE and OD research projects? In this
paper I propose that HCOD can play an important role in providing an integrated con-
textual background in which EE researchers can/should situate, conceptualize, develop,
and test their abstracted process models. In addition, the paper suggests two more areas
where interesting joint OD-EE research could be developed. The first involves the key
principle of HCD – design as meaning – which can provide a semantic foundation for
projects in both EE modelling and OD qualitative research. The second hinges on the
concept of design (or interactive) trace, which can bring together EE andOD researchers,
each group working on one of the perspectives of the concept – causal trace and narrative
trace.

2 Human-Centred Organization Design(ing)

Human-Centred Organization Design (HCOD) stands as an alternative to Contingency-
Based Organization Design, the traditional academic school of thought for organization
design research. HCOD is founded upon the aims and principles of design as a discipline,
while remaining keenly aware of the roots of organizations as social constructions.
More specifically, the new organization design paradigm is inspired by the human-
centred design movement and follows the notion put forward by Krippendorff [14] and
others that design should be defined as creation of meaning. According to this trend and
its cognitive underpinnings, the worth of any design is judged in accordance with the
perceptions andmeanings that the artifact’s stakeholders attribute to the design. HCOD is
driven by design logics and guided by values of democratic participation, while placing
meaning making and meaning taking at the center of organizational life.

2.1 What is the Difference Between Design and Human-Centred Design?

Simon [23] proposed the introduction of a new field of study, distinct from the natural
sciences and the social sciences, a field applicable to professional schools of thought,
such as medicine, engineering or management. He called it “science of design”, a “body
of intellectually tough, analytic, partly formalizable, partly empirical, teachable doctrine
about the design process” (Ibid, p. 113). As the cornerstone of this new theory, Simon
advocated the solution of “design problems”. A solution is given in the form of a com-
bination of values qualifying a set of key variables, representing the artifact under study
in its own environment. Although very popular among the engineering and management
communities, Simon’s decision-making model now begins to be questioned as a method
for approaching problems in the real world of people and organizations.

The criticism about the Simonion conception of design marks the launch of the
notion of human-centred design. In expounding upon the realm of the sciences of the
artificial or the sciences of design, Krippendorff [13] claims that design is primarily
about “making sense of things”. He states:

As soon as I move beyond the engineering of functional products, I need to be
concerned with what the artefacts of design could possibly mean to users and interested
parties, with the multiple rationalities that people can bring to bear on them [15].
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Compared with Simon’s [23] stance on design science, Krippendorff’s [14] human-
centred design (HCD) reverses the relation between the design object and its intention.
For Simon the artefact is at the core, while for Krippendorff meaning is the core of the
design process and the artefact becomes a medium for communicating the meanings
intended by the designer and perceived by the user. According to Krippendorff [14]
“design constitutes being human”, a statement that is explained as follows:

• DESIGN is a way to understand things, to make them meaningful, to feel at home
with them and to make them part one’s life

• DESIGN is intrinsically motivating. Making something or having a hand in creating
something is always inherently satisfying

• DESIGN occurs in everyday life (…) when people are prevented from deciding who
they are or how they want to live their life they are essentially reduced to appendices
of systems, machine parts, anonymous and interchangeable (Ibid, pp. 73–74).

The label of human centred design denotes a democratic and humanistic orientation
aimed at developing “viable emancipative proposals in the form of material and semiotic
artifacts” [2]. The acknowledgment of human centred design principle as the intellectual
foundation for a new organization design framework has enormous consequences. First
and foremost, meaning is constitutive of the human being, with identity emerging as
the primordial set of meanings, defining who the person is. If applied to organization,
identity is established as the superordinate attribute of its design, ruling over everything
that the organization is and does, including its image, reputation, quality of relationships
with employees or customers and its overall ethical stance.

2.2 Grouping Organizational Meanings as Processes of HCOD

In order to make sense of the types of organizational meanings that can be found in
organizations, I submit Davidson’s [4] triangular theory of meaning as the intellectual
underpinning. I suggest that Davidson’s three categories of meaning – objective, subjec-
tive and intersubjective – can bemetaphorically adapted and bemade to fit three levels of
meaning-making in organizations: managerially-generated, organizationally-generated
and stakeholder-generated, to include internal and external stakeholders. Davidson’s
philosophy heralds intersubjectivity as a new turn in the study of knowledge. Intersub-
jectivity is one of three varieties of knowledge, alongside subjectivity and objectivity.
Objective knowledge is about what I know about the world around us, the locations, the
shapes and sizes, as well asmany of the causal properties of the objects in theworld. Sub-
jective knowledge is about our own knowledge of our sensations, our thoughts, desires
and intentions. Intersubjective knowledge is about our knowledge about other people’s
knowledge.

In order to adapt Davidson’s triangular theory to organizational meaning-making, I
suggest that the organization can be split into three broad categories of practice, which
would then correspond to different categories of meaning-making. Considering that
all organizations exit to provide a service, the first level includes all those who are
involved in the service provision, but do not have managerial responsibilities. Let us
call it the “organizational” level. The second group includes all those who are affected
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by the service provision, which includes not only customers or users of the service,
but also suppliers and shareholders who stand to gain from the service provision. The
last level of practice is made up by those who have the responsibility of managing the
service provision and receiving the feedback from those being affected by the service;
this group is made up by the managerial staff. Next, when placing these three levels of
meaning-making in organizations side by side with Davidson’s three types of knowledge
– subjective, objective and intersubjective –some interesting similarities emerge. Figure 1
shows the proposed three levels of meaning-making in organizations.

Fig. 1. Davidson’s [4] Triangle of knowledge interpreted as three broad categories of organiza-
tional meaning-making

1. Managerially generated intended meanings (objective)

The first category of meaning-making in organizations is the managerial category. An
interesting similarity can be established between this category and objective meaning
from Davidson’s triangle, in the sense that the meaning-making that is to be expected
from managerial staff is based on facts and therefore believed to be “objective”. A
key component of managerial responsibilities entails finding reliable and trustworthy
information about the world around the company, as well as about many of the causal
connections between the organization’s business and the objects and events in the world.
Such information is meant to be as objective as possible. As part of their jobs, managers
need to issue instructions derived from the uncovered information and make decisions,
in the best interests of the organization. In this sense, the type of meaning generated at
the managerial level can also be labelled as intended.

2. Organizationally generated emergent meanings (subjective)

The second general category of organizational meanings are those generated in a bottom-
up manner by members of the organization while going about their daily activities. In
order to better explain this category, I resort to the metaphor of “silent design” proposed
by Gorb and Dumas [11]. They suggest that much of the design in any organization orig-
inates from the myriad of local, micro initiatives taken by subordinates often deviating
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from the original intention are the outcome of meanings that emerge as and when par-
ticipants come into contact with their tasks and with the organizational artefacts made
available to them. Such meanings are part of subjective knowledge, in the sense that
while taking decisions at the local level, organizational members are often not fully
aware of all the information about constraints or opportunities that management has at
its disposal. Thus, in acting on the basis of first impressions and personal preferences,
participants make use of subjective knowledge, that is, the knowledge that is based on
one’s sensations, thoughts, desires or intentions.

3. Beneficiaries generated perceived meanings (intersubjective)

The third category originates from the outside of the organization, to include the mean-
ings generated by the very large group of stakeholders who can be called the “ben-
eficiaries” of the service the organization provides. They concern the meanings that
emerge from the interactions of customers, users and other external stakeholders with
the organization and its outcomes, such as products or services. The label intersubjective
is metaphorically relevant in view of the importance of the “knowledge of others” to the
successful operation of any organization, while recognizing the challenges inherent in
any attempt to access, capture and process other people’s knowledge.

2.3 Organization Design-As-Is and Organization Design-To-Be

Once created, organizational artefacts join the organization’s historical legacy of arte-
facts, which determinemost of what the organization accomplishes in terms of its results.
In parallel, new artefacts and modified existing artefacts are always in the process of
being developed. The first group constitute organization design as a noun, and the latter
organization design as a verb. The category of perceived design/meaning relates to the
conception of organization design as a noun, i.e., organization design “as-is” or orga-
nization design as historical legacy. The other two categories relate to the notion of
organization design as a verb, i.e., organization design as “to-be” or organization design
as dynamic change.

So, there is constant interplay between the two meanings of organization design
– noun and verb. The concept of organization design as noun might be metaphorically
explained as a snapshot of the designing process (verb) as perceived by internal and
external stakeholders, as and when they come into contact with the organization and
form judgements about what they perceive. By external stakeholders I mean anybody
interested in the workings of the organization, including media reporters, government
officials or organizational researchers collecting data for a case study. Organization
designing, on the other hand, denotes the processes behind the organization’s growth
and development. Hence, the crux of the problem of managing the organization’s design
is in thebridgingbetween the twomodes: organizationdesign as historical legacy (design-
as-is) and organization design as dynamic change (design-to-be).

2.4 The Logics of Human-Centred Design

Finally, organization design processes do not exist in a vacuum. Whenever an organi-
zation, for-profit or not-for-profit, is designed or re-designed there is an unquestioned
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set of logics or assumptions always at play. For example, it is always assumed that an
organization must have a hierarchical structure, with job descriptions and a pay scale. If
the organization is for-profit there is an assumption that profit-maximizing is one of the
key goals and that the investors have more rights over the organization’s business that
any other stakeholder. These assumptions, beliefs or logics coming from external bod-
ies, such as management consultants, other organizations, especially the larger and more
successful ones and the academic community, constitute a powerful layer of influence
on organization designers.

In any given institutional field, there is a prevailing logic or received wisdom, which
is absorbed in a semi-conscious fashion by the practitioners of that field. Organization
design has also developed its own “logic”, which has changed over the years, but which
has never been guided by what I may call a human-centred design perspective. Organi-
zation design logics affect all organizations in the same field of activity through forces of
isomorphism and conformity. In guiding organization designers about the way organiza-
tion should be designed, organization design logics set the tone of managerial discourse
and obviously constitute a major facilitator or obstacle for any attempt at changing the
status quo.

And while there have been a variety of logics or ways of thinking about organization
design over the years, there have not been as many theories that can explain organization
design in an integrated way. In this paper, I suggest that the design discipline can provide
a comprehensive theory or at least an epistemological half-glue that can coherently bind
together many of the existing contributions from both management/organization studies
and design. In pursuing this line of thought, I propose five organization design logics,
which are derived from a matching of design principles, traditional organization design
logics and a few selected themes from management/organization studies expressing
current and future trends and concerns. The five new organization design logics are:

1. The logic of identity and identification. Inspired by the notion of design as superordi-
nate meaning and ambition, this logic is informed by the literatures on the economics
and sociology of identity. Its starting point is the semantic relationship between the
concepts of “design”, “meaning” and “identity”. Thus, if “to design” means “to
create meaning” and if identity is defined as the “meanings perceived and shared
by a collective”, then “to design an organization” means, primarily, “to create an
identity”.

2. The normative logic. Supported by the ethical principles of design and in line with
stakeholder theory, the normative logic holds that (i) enterprises have a moral duty to
ensure thewelfare of all their stakeholders, not only that of stockholders; (ii) by acting
in a socially responsible manner toward all their stakeholders, firms can enhance
their performance and gain business advantage through more motivated employees,
loyal customers, innovative products and processes, improved reputation, as well as
supportive communities [12].

3. The logic of service. Service is one of the key tenets of design, however, in the tradi-
tional logics of organization design, service has not been considered as a dimension.
Instead, organization design has been guided by a logic of markets and price mech-
anisms. However, according to the new Service-Dominant view, service precedes
the market as the foundation of economic exchange and all businesses are service
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businesses [28, 29]. For this reason, service is one of the logics of organization
design.

4. The logic of effectual designing. In design theory, the design process starts with the
expression of desiderata, to mean a hope, a wish, an ambition, an aspiration, a call
or a will towards something. In management lingo, this is equivalent to effectuation,
an alternative to the paradigm of causation or business planning [22]. Thus, unlike
conventional wisdom in organization studies, in designing organizations with an
effectual logic, goals and objectives are not in place when the design process begins,
making action become exploratory in nature, rather than exploitative.

5. The logic of interactive structure. One of the consequences of the exponential rise
in interactivity in organizations is that the traditional hierarchy is beginning to look
more and more like a heterarchy. It can be said that hierarchy represents the formal
side of the organization, while heterarchy refers partly to the informal organiza-
tion and partly to the formal structure. While heterarchy creates a lot more room
for improvisation and creativity, hierarchy will continue to play a role in maintain
a degree of stability in rules and procedures. Thus, the logic of interactive struc-
ture deals with ensuring an appropriate balance between connect-and-communicate
(heterarchy) and command-and-control (hierarchy).

Figure 2 shows the relationship between the processes and the logics of organization
design.

Fig. 2. The logics and process of organizational design

Having provided a very brief summary of the main ideas contained in my book, I
will now move to the realm of Enterprise Engineering (EE) research and offer three
suggestions about how human-centred design might provide a way forward for joint EE
and OD research projects.
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3 Human-Centred Organization Design as the Way Forward
for EE and OD: Three Suggestions

3.1 Suggestion 1: HCOD Offers EE Researchers a Principle-Based Framework
of Organization upon Which to Abstract and Model Enterprise Processes

Before I move to the recommendation itself, I will briefly outline the relevant trend from
Enterprise Engineering (EE) research. In the case of this first suggestion, it is worth
outlining some of the foundations of this field. The Society of Enterprise Engineering,
based in the USA, defines enterprises as “systems of processes that can be engineered
both individually and holistically” [16]. In Europe, the DEMO (Dynamic EssentialMod-
elling of Organizations) methodology has prominence and has been presented as one of
the foundations of the discipline of EE [5]. DEMO was originally triggered by a dissat-
isfaction with the state-of the-art in requirements determination in the 80s and 90s and
is currently about Enterprise Ontology. However, the ambition is for DEMO to include
also other EE theories, namely Enterprise Architecture and Enterprise Management and
Governance [6].

In the past, there have been suggestions that the DEMO methodology might also
cover organization design. I disagree because even with the inclusion of Enterprise
Architecture and Enterprise Management & Governance, DEMO is not suitable as an
all-encompassing framework for OD. DEMO is an enterprise engineering modelling
methodology and as explained above the level of analysis of the “enterprise” is not the
same as the level of analysis of the “organization”. The “enterprise” is about organiza-
tional processes, and the foundations of enterprise engineering methodologies cannot
simply be carried over to the organizational level. Enterprises are “systems of processes”
and they cannot be treated as being the same as organization through an “aggregation
of processes”. Also, it must be understood that there are limits to the modelling of
organization, for example, how to model customer emotions or leadership behaviours?

Having said this, it must be acknowledged that the processes that constitute the aim
of EE methodologies are part of the building blocks of organization. The organization
is made up by myriad types of building blocks – finance-related, management-related,
marketing-related, design-related, etc. In this paper, I am concerned with the design-
related building blocks.Unfortunately, organization design has traditionally been defined
very narrowly in both the academic and managerial worlds, and in most textbooks,
it is still considered to be the same as the organization’s structure. For this reason,
organization design is not associated in the minds of managers or academics with other
characteristics, such as image, reputation or the quality of relationships with employees
or customers, norwith ethics and theorganization’s role in society.However, organization
design cannot be divorced from the social ills caused by organizations, a point that is
acutely made by Buchanan [3], a scholar from the design discipline:

[Management] theories have been employed with varying degrees of practical suc-
cess in creating and developing the for-profit, not-for-profit, and governmental organi-
zations that surround us today, and I recognize many of the benefits of organizations
that have yielded our social and cultural world. Yet, paradoxically, there is widespread
dissatisfaction with organizations and what they do to affect the thought and behavior
of human beings, as if the designs are flawed in one way or another (…) I do not yet
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understand the full effect of organizations on our lives but, increasingly, I are aware of
negative effects on human experience.

Principled Organization Design
In his writings about human-centric design, Krippendorff makes a special reference to
his ambitious mission of creating a societal role for design. In his book [14], he states:
“the semantic turn acknowledges design as a fundamental human right, the right to
construct one’s own world, interact with fellow beings in theirs and make contributions
to the ecology of human accessible artifacts. (Ibid, p. 322). Such desiderata are part of a
wider trend of design humanism focused on the reduction of domination of the powerful
over the powerless, the excluded and the economically less favored [2]. Hence, if design
is inherently democratic, in a scenario where organization design is governed by design
values and principles, organization design would also be construed as being essentially
democratic. As I argue in my book, there is a growing recognition that organization
design needs to leave its agnostic comfort zone and embrace an approach closer to the
concerns of contemporary society.

The framework of organization design logics discussed above is derived from the
principles of contemporary design culture and is intended as a change platform for
the status quo in organization design thinking. Thus, as EE researchers go about their
investigations, which involve abstracting, evaluating, judging and modelling enterprise
processes, they are invited to reflect upon the HCOD guidelines discussed in this paper.
In other words, in their role of builders of organizations and despite intervening at a very
low level of analysis in terms of the overall picture, EE researchers have an opportunity
to contribute to a change in the paradigm of organization design. Seen in this light,
HCOD can accommodate different types of methodologies, including DEMO.

3.2 Suggestion 2: HCOD Offers Meaning and Sensemaking as Mediators
Between Organization Designing and the Abstracting and Modelling
Activities from Enterprise Engineering Research

In the research effort into EE there are several examples of work addressing meaning-
related issues. For example, in the agent-centric perspective of EE, human actors rep-
resent actual individuals and groups rather than roles, since the aim is to capture the
behaviour (i.e., the meanings) of organizational members [32]. It has also been pointed
out that enterprise architectures are boundary objects due to their distinctive ability to
influence perspective making and perspective taking in the process of organizational
sensemaking [19]. Along the same line, in a model-enabled approach to EE models
must be acknowledged as boundary objects in the communication among the different
parties involved in organizational design [20]. A boundary object is any object that is
part of different social worlds and is aimed at facilitating communication between them,
for example a map. In addressing the topic of domain modelling, Proper and Guizzardi
[17] talk about its semiotic foundations and communicative stance. Thus, models can
enable informed interactions and become part of the continuous dialogue that defines
organizational design.
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Sensemaking Theory
Weick took the study of sensemaking beyond the individual experience and into the realm
of organizations, but with special emphasis on organizing, proposing that sensemaking
and organizing are mutually constituted as phenomena [31]. In the context of the human-
centred orientation of this paper, an important accomplishment of his work is the turning
of attention from organization as the outcome of decision-making to organization as the
result of meaning-making and meaning-taking activities. Sensemaking, simply defined
as “the making of sense” [30], is an all-encompassing epistemological position inspired
on social constructionism. It is about the structuring of unknown contexts or actions and
assigning them with meaning.

In explaining sensemaking as the organization of flux and in choosing a definition of
organization as “an attempt to order the intrinsic flux of human action (…) through gen-
eralizing and institutionalizing particular meanings and rules” [27], Weick [31] concurs
with the proponents of human-centred design about the role of meaning. Meaning is the
engine that brings order to the ever-changing flow of human action, while sensemaking
is the analytical tool that allows us to deal with meaning. Sensemaking is distinguished
from other explanatory processes such as understanding or interpreting by seven char-
acteristics succinctly described below. Weick explains that some of the characteristics
may become more pivotal than others, according to the sensemaking event [31].

The seven properties explain howan individual develops a sense (and later ameaning)
of any situation and strongly influence the way the individual will update and develop
their perception of the situation for future action. In other words, sensemaking lies at
the foundation of a consciousness or awareness that organizational actors develop of the
organization and of their place in it. Sensemaking is:

1. Grounded on identity construction
2. Retrospective
3. Enactive
4. Social
5. Ongoing
6. Focused on and by extracted cues
7. Driven by plausibility rather than accuracy

Grounded in Identity Construction. Sensemaking starts with identity. This means that
all our meaning-making activity starts with the meanings associated with ourselves as
individuals. Who I am, what academic degree I hold, what type of job I do, who my
friends are, are all factors that shape our identity and influence how we perceive and act
in the organization. Our identity is continually being redefined as a result of experiences
and contact with others.

Retrospective. Sensemaking can be seen as a process of comparison that we rely on to
interpret current events. Thus, in order to give meaning to the “present” we compare it
to similar or familiar event from our past. The properties of retrospection and identity
construction interact, in the sense that when individuals construct their understandings
of organizational events by including or omitting past information, they do so based
on their self-image, which includes their self-esteem and self-confidence. Thus, all new
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information is filtered through the lenses of past experiences, which include who we are
and how we perceive ourselves.

Enactive. This property explains that sensemaking is always associated with action and
that the sense is created through the individual’s acting upon on his/her environment. In
other words, sense does not exist “out there” but is always created “within”. Thus, enac-
tion also implies that we create the environments we meet and that future sensemaking
can be either constrained or enabled by the very environment that we have created, like
in a self-fulfilling prophecy. Enactment works though the stages of noticing, bracketing,
and labelling. Noticing entails interpreting something that has already occurred dur-
ing the organizing process but has not yet been named or acknowledged. This requires
providing the new event with a provisional name (or bracketing). Finally, labelling is
explained in the following way: “in organizing, functional deployment means impos-
ing labels on interdependent events in ways that suggest plausible acts of managing,
coordinating, and distributing [31].

Social. This property acknowledges that the sensemaking process is contingent on our
interactionswith others, whether physically present or not. Also, the organization’s rules,
routines and symbols have a powerful influence in shaping the individual’s sensemaking
criteria, aswell as providing routines or scripts for the individual’s appropriate conduct. If
routines or scripts do not exist, the individual will always rely on her social environment
for her sensemaking activity.

Ongoing. Weick maintains that we are constantly making sense of what is happening
around us and that moments and cues are extracted from this ongoing flow of events
to make sense of the current situation. If there is a breakdown in a routine our focus is
diverted, and the flow may be temporarily halted.

Focused on and by Extracted Cues. The sensemaking process involves focusing on cer-
tain elements, while completely ignoring others, in order to support our interpretation of
an event. Since sensemaking is retrospective, past experiences dictate what cues we will
extract to make sense of a situation. The process involves noticing, bracketing and label-
ing. In organizing, “functional deployment means imposing labels on interdependent
events in ways that suggest plausible acts of managing, coordinating, and distributing
[31].

Driven by Plausibility Rather than Accuracy. This principle implies that we do not rely
on the accuracy of our perceptions when we make sense of an event, but instead we
presume and look for cues that make our perceptions seem plausible and on the basis
of past experience. In the process, we run the risk of eliminating what is accurate and
instead rely on incomplete or faulty information in determining the best way forward.

Weick’s conceptualization of sensemaking is entirely dependent on language and
the notion that sensemaking and organizing are mutually constituted highlights the role
of communication. Communication, in the form of conversations and texts preserved
in social structures, brings organizations into existence through patterns of organizing,
which, in turn, are located in patterns and modes of sensemaking. This together with
the seven properties of sensemaking can be built into a methodology that can be used



34 R. Magalhaes

in analyzing models as boundary objects. One example of such a methodology is the
organizational rules theory proposed byMills and Murgatroyd [21], offering an analysis
of the organizational rules that lie behind the ways in which individuals organize and
the manner in which they interact in the organization.

3.3 Suggestion 3: HCOD Offers Design Trace (or Interaction Trace) as a Bridge
between OD and EE Research

Going back to the research into EE, Tribolet and colleagues take a more applied per-
spective focusing on the need to deal with the challenges faced with today’s exploding
complexity of organizational environments, increasing speeds of interactions and gigan-
tic volumes of information flows. These challenges create the need not only for a shared,
up-to-date and coherent view of the organization at all times, but also for a shared record
of the history of changes to organizational self. Tribolet [25] has proposed the notion
of organizational self-awareness as both the cause and the consequence of the ever-
growing potential afforded by information technologies to represent the organization
and its activities. The more organizational members know about their organization’s
activities, the more efficient in reaching its objectives the organization will become.
In other words, the more we are able, through modelling techniques, to represent the
organization, the sharper the need to keep track of the organization’s self-awareness [1].

A parallel concept that has been put forward by this research team is enterprise
cartography. Enterprise cartography deals with the dynamic design and production of
architectural views which depict the components of an organization and their interlink-
ages [26]. This project entails (1) collecting sensory data and (2) feeding it into semantic
organizationalmodels, aimed at facilitating the communication and analysis of enterprise
artefacts by means of constantly updated model-based views of the enterprise’s digital
architecture. Apart from the obvious connections with Suggestion # 2 above (Meaning
and Sensemaking), this conceptual development can also be supported by the notion of
design (or interaction) trace, which is being developed as part of the HCOD framework.

Design Trace
All organizational interactions leave a trace that can be harnessed and used to help
manage the organization’s design. There are two types of design trace or interaction
trace: causal and narrative [8]. The causal type is mostly enabled by technological means
and provides data and information about past interactions or past designs. The narrative
type is associated with qualitative human-centric approaches and relies on people and
people’s recollections of past events. Both types can be used in tandem as tools of
organization design management.

In their study of two software-based companies as examples of organizations whose
designs need to be in a permanent state of flux – Linux and Wikipedia – Garud et al.
[8] focus on the causal trace. In the case of these two companies, the design trace is a
software-based record of the changes introduced in the content of Wikipedia and in the
software code of Linux, which serves not only as a locus of coordination but also as the
link between organization design as a noun and organization design as a process. The
authors explain that the challenge for preserving the value propositions that the designs
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of Linux and Wikipedia offer to customers is to devise a governance system that does
not stifle innovation but at the same time provides some stability. These authors explain:
“the design trace both chronicles and initiates generative engagement with an article
[of Wikipedia] (…) it serves as a locus of coordination as well as a point of departure,
allowing an article to remain in a state of perpetual change” [8].

The other type of trace – narrative – operates on the basis of the internal and external
coherence of a narrative with the listener’s existing knowledge. One of the possible types
of narrative trace is affectual trace, investigated by Gherardi [10]. Rather than studying
affect as a content, the authors investigate affectual traces in communication, through
“the choice of words, the pitch of the voices, the crescendo in the verbal interactions,
the mimicking of other (absent) voices, the broken language and the rhetorical figures
of speech” (Ibid, p. NA), as well as the traces kept in the researchers’s own memories,
as well as in annotations made in logbooks.

Thus, if we consider that the organization’s design is a sociomaterial network made
up of practices and if practices as embodied know-how contain an important component
of affect, then it can be reasonably assumed that the practices within the network leave
behind a significant affectual trace. Affect operates as a “shadow organizing” force [9]
and acts as a “conveyor belt”, in terms of activity and movements within a situated
practice, keeping all its elements together. Affect works within and in-between bodies,
however it does not only refer to human, individual bodies but also to any other living and
non-living ones. Affects are also collective and atmospheric forces operating externally
to the body [24].

To conclude, the enterprise’s digital architecture provides the technological infras-
tructure for the organization’s designing activities, which means that increasingly orga-
nizations will rely on technology-based (i.e., causal) traces. However, organizations will
continue to greatly depend on people, people’s memories and people’s relationships,
which leads us to suggest that the future of linkage between organization design “as-
is” and organization design “to-be” will depend on a blend of technology-based tools
and narrative-based tools. Moreover, if we consider design trace as a continuum, the
affectual trace and other forms of narrative trace would stand at one end of the contin-
uum, whereas the rational-technical types of causal trace would stand at the other end.
Thus, as a new research stream within Organization’s Self-Awareness and Enterprise
Cartography, I suggest that work can be developed to combine causal-types of trace with
various forms of qualitative narrative trace to provide comprehensive feedback about
the transitions between design-as-is and design-to-be.

4 Conclusion

In this paper, my key aim has been to put forward human-centred design as a power-
ful intellectual framework that can benefit both organization design (OD) and enterprise
engineering (EE) research. Having suggested three ways in which HCOD can contribute
either to EE research or to joint EE-OD research, all that is left to do is to reassert that
whatever the approach, EE research is always about developing the best way to abstract
and model processes which exist in real-life organizations. On the other hand, organiza-
tions are social entities and no matter the level of abstraction or the methodology used,
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intervention in organizations should always be aimed at contributing towards achieving
organizations that are humanely managed, commercially viable, sustainably developed,
highly innovative and firmly stakeholder aligned. These are the aims of human-centred
organization design, which are offered to EE researchers as reference points about the
direction of travel for any intervention in organizations.
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Abstract. This paper frames the enterprise engineering body of knowl-
edge within the scope of the general system’s theory to challenge
researchers and practitioners working in this field. Understanding that
an organization is a living being that exist, acts and interacts, the goal
of the paper is to narrow the discussion on how to observe, represent and
act the enterprise in real-time. To that end, the following set of core ele-
ments are conceptualized and discussed: the organization, the actor, the
observation, the time and the Kalman’s dynamic control. Afterwards,
those elements are combined to describe the duality that exists between
the Human-self/organization-self dynamic control mechanisms including
the time-delay concerns.

Keywords: Actor · Control · Enterprise Engineering · General
systems theory · Observation · Organization

1 Introduction

Organizations, namely enterprises, are socio-technical entities that co-exist with
Humans in the physical world. Moreover, an enterprise possess materials and
virtual individuality. The purpose of this paper is to claim that by fully embed-
ding the body of knowledge (BoK) of General System’s Theory (GST) [2] at
the core concepts of Enterprise Engineering (EE) [6,7] knowledge it is possible
to potentiate the means of provide dynamic steering mechanisms to drive the
behavior of an enterprise. At the same time, we preserve the respect to the free-
dom of the human actors and preserve the essential ethical principles that must
obeyed by any engineering activity.

To address such an endeavour, this paper starts with a review of the explicit
conceptual basis of any organization, of its actions and its behaviors. Then, the
topics of enterprise steering and dynamic control [1], both from a systemic and
holistic approaches, as well as an operational [8] and a design point of view [3,4],
are argued. The GST BoK is applied to the fundamental engineering principles of
dynamic system’s control using the Kalman’s state space control paradigm. This
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solution allows the representation and understanding of how to design real-time
systemic control mechanisms in an Enterprise. A particular emphasis is given
to the need to provide the sufficient sensorization of an Enterprise [5], capable
of assuring the adequate level of observability to achieve the desired level of
controllability capable of ensuring the intended level of operational risk level in
real-time [11].

This paper uses EE BoK to address all the phases of an enterprise life cycle:
from conception [12], to design and construction, until operation, control, and
finally, audit [10], adaptation and its maintenance. All of these stages include
the multiple dimensions of management. The EE BoK is essential to assure that
Humanity will retain the ultimate control on the technological tools we use and
incorporate in the enterprise-self, namely the machines, in particular the “sili-
con actors” that are progressively equipped with powerful artificial intelligence
(AI) and Autonomous Learning capabilities and in the near future other types
of technological actors with attributes that are several orders of magnitude more
powerful that individual humans and even the entire Humanity. The challenge to
combine the “innovative” ontological foundations of EE with the “hard” capa-
bilities to design and steer complex systems as provided by system’s theory and
dynamic systems control is open. If we do not “engineer” our Enterprises to be
ultimately always leaded and controlled by Humans, we will, with all probability,
be massively controlled by machines in a not so distant future.

For short, this paper raises the following research question: “How can EE
contribute to assure the means and the techniques to promote the desired behavior
of each and all the actors, to enable that the resulting systemic organizational
orchestration follows the desired prescribed trajectories?”

The paper is organized as follows. Section 2 defines, and discusses, the core
elements identified when framing EE within GST. Then, Sect. 3 combines the
previous elements to organize a set of refined future research questions. Finally,
Sect. 4 concludes the paper.

A full presentation of this paper is publicly available at https://youtu.be/
qpJO22TIPMQ?t=2484. The content was presented in the scope of the author
José Tribolet farewell lesson.

2 Elements to Frame EE Within GST

The following core elements are presented to frame EE within GST: the Orga-
nization (Subsect. 2.1), the Actor (Subsect. 2.2), the Observation (Subsect. 2.3),
the Time (Subsect. 2.4) and the Kalman’s Dynamic Control Paradigm applied
to Organizations (Subsect. 2.5).

2.1 Organization

An organization is a living being, something that exists, acts and interacts. It
is an entity that coexists with Humans in the physical world. An Organization
has a physical as well as a socio-technical reality, which interacts, dynamically
and continuously, with its physical and virtual environment, transforming it and

https://youtu.be/qpJO22TIPMQ?t=2484
https://youtu.be/qpJO22TIPMQ?t=2484
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being transformed by it. An organization is a reality built by Humans, whose
emergent unique attributes are the result of its intrinsic systemic interactions
and of the dynamic effects of its extrinsic relations.

Considering the detailed question: an organization is made of what? We con-
sider that an organization is formed by active elements: the actors. Those ele-
ments have autonomous capabilities to act on the world as well as on themselves,
in real-time, and along multiple concurrent networks. However, the actions of
each individual actor never is 100% predictable.

And, considering the detailed question: What does an organization do? We
consider that an organization does is simply the sum total of what its actors
do when performing their actions along time. Organization is simply the sum
of what its actors do through time. Therefore, an organization is a dynamic
system. It is a complex network of networks of agents, whose end results are the
organization’s outputs as a response to the organization’s inputs, along time.
Consequently, it may thus be modelled as a gigantic state machine.

2.2 Actor

In the XXI century it is appropriate to say that organizations are bionic entities
since its actors are physically of two types built either on a “carbon base”
(Humans) or a “silicon base” (Computers). In this context, using a computer
science paradigm, one may say that an organization is a complex “semantic
web” of “carbon and silicon servers” operating continuously in real-time, each
“server” acts, “autonomous and freely”, under the control of its own operating
System, running the applications (Apps) it has downloaded.

As a consequence, an organization, as a bionic entity, is a unique “persona”,
with its own degree of “self-awareness” [13] and its “own will”.

As a physical entity, an organization becomes a bone fides1 specific subject
of Engineering, whose study must be based on the scientific method. This is the
field of Enterprise Engineering [6,7]. The objects of study of EE are therefore the
physical socio-technical entities that are not mechanical or electrical or chemical
or biological systems, but are bionic living entities.

2.3 Observation

A necessary condition for the adequate operation of the dynamical organization
system’s control mechanisms is the degree of “observability” of the “organiza-
tional’s states”, at any point in time, and the knowledge of the intended or
prescribed states it should try to be in the future. Therefore, a key question for
EE is how to provide the organization with the capabilities needed to know “its
state” at any given point in time?

These capabilities will only exist if the organization is “fully sensorized”, i.e.,
is provided with sensors that register the elementary acts performed by each and
all its carbon and silicon actors at any point in time. If those capabilities are

1 It is a latin language expression meaning “good will”, with loyalty, with honesty, in
compliance with given word, also used with meaning of genuine.
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not met then we cannot steer the organization. In other words, controlling the
organization is only possible if fully sensorized exists.

2.4 Time

The organization’ dynamics depends on the time element. If the delay between
collecting the sensor’s data, its interpretation in terms of the overall organiza-
tion’s state and the update of the control’s available on each actor’s cockpits
is smaller then the dynamics of the organization’s trajectory, then it is possi-
ble to condition in real-time the organization’s behavior, according to previous
determined trajectories, and within reasonable risk margins.

2.5 Kalman’s Dynamic Control Paradigm Applied to Organizations

An organization obeys the laws of GST (which have been developed in the last 60
years) in particular the BoK on dynamic systems. These concepts are fully appli-
cable to design, analyze, monitor and steer organizations. A relevant question
for EE is how to “steer” the behavior of an organization, i.e., how to condition
the actions and interactions of its actors for it to achieve desirable and admissi-
ble trajectories? In systems engineering terms the existent BoK to achieve this
goal is known as dynamic system’s control. Engineering has a proven record of
designing, building, operating and maintaining complex systems whose behavior
is dynamically controlled in real-time to follow prescribed paths [8,9]. Many of
these systems are bona fides socio-technical systems. Figure 1 depicts a concep-
tualization of the Kalman’s dynamic control paradigm applied to organizations.

The degree of steering of any system, in our interest: an organization, is
constrained by the degree of its observability capabilities. An organization with-
out systemic observability capabilities is not capable of systemic steering its
behaviour. However, given that each actor ultimately acts according to its “free
will” and so is never “fully controlled”, one may conclude that the ultimate goal
of steering the organization behavior is a lost cause. In this line of reasoning,
how can EE contribute to assure the means and the techniques to promote the
desired behavior of each and all the actors, to enable that the resulting systemic
organizational orchestration follows the desired prescribed trajectories? More-
over, since Humans are the “core” organizational actors, how is Kalman’s model
applicable (Fig. 2) when there are “Carbon Based Servers”? As a partial answer
for this question, this is achievable by incorporating best practices of modern
control theory, namely by taking full advantage of feedback mechanisms and
adding to the existing action cockpits of each actor the proper actuators that
help conditioning their future acts.

In the context of actors “free will”, Fig. 3 depicts that each Human has its
own persona and is autonomous, after ”observing” and modelling “it’s reality” at
a given point in time, and given its own goals, the person’s “controller” decides
what actions the “actor” is gone do in the next instant of time. As introduced in
Subsect. 2.4, in time concept, it is also noted that each agent actions is enforced
in the instant t+1, whereas the controls are prescribed in instant t. Meaning a
delay that could hinder the effect of control.
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Fig. 4. The Organization Self Dynamic Control Mechanism with the timing concern.

Broadening this analysis, Fig. 4 depicts how Kalman’s model is applicable to
the “organization” entity as a holistic system.

3 Reflection Questions

The ontological foundation of EE is an essential framework to provide solid
basis for answering the following indicating questions. These are grounded on
the essential acts performed by the actors while executing their various commit-
ments [6].

Question #1 – How does the “Organization” act, following the decisions made
by its Kalman Controller?

Indicating answer #1 – The Organization acts through its actors. The actors
act to pursue their own goals, in the context of their perception of reality, which
includes their view of the enterprise-self, and of its goals at a given point in time.

Question #2 – How can EE contribute to enterprise design, instrumenta-
tion and operations, to enable improved, systemic, real-time Enterprise Dynamic
Control?

Indicating answer #2 - EE provides the means to rigorously assure the
required and adequate observability of the Organization, using carbon and sil-
icon based real-time sensors to gather the data needed for the degree of the
desired controllability. At the core of the observability is the capability to know
the state of each and every essential ontological transaction in progress.

Question #3 - How can we explicitly represent the enterprise in real-time?
Indicating answer #3 – research about the eighteen vectors of the enterprise

space: the explicit representation of the state of the enterprise-self, at a given
instant in time, requires an universal “set of coordinates” to span the enterprise
space, and the ability to map in such space all the entities, the facts and the other
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essential primitives of the organization. Actually, several powerful mechanisms
exists to do so, e.g., EE offers the capability to “compile” all mapped partial
representations of reality onto the “One” Space, so as to ensure global coherence,
completeness and consistency.

4 Conclusion

This paper challenges the EE researchers and practitioners to frame the EE BoK
within the GST. EE is of core importance because it supports design foundations
principles that provides adequate observability and controllability can be made
accountable before society, through it Human actors, and for its actions. It is
our duty to “engineer” such organizations, so that the responsibility and the
authority for their acts can always be traced back to specific human actors, in a
provable and almost real-time way.

Society and Human responsibility: with the intense penetration of silicon
servers everywhere, with active devices implanted in our individual and collec-
tive living spaces, Humanity faces a tremendous challenge! For a Human Cen-
tered Future: either we engineer our habitats and organizations to be under the
ultimate control of Humans! Or the Machines will take control of the connected
Humanity! The choice is ours.
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Abstract. The growing role of models across the life-cycle of enter-
prises, and their information and software systems, fuels the need for a
more fundamental reflection on the foundations of modeling. Two of the
core theories of the discipline of enterprise engineering (Factual Infor-
mation (FI) theory and the Model Universe (MU) theory) aim at con-
tributing to these foundations.

The latest versions of the FI- and MU-theories have recently been pub-
lished. Offering an analysis and criticism to them enables us to continue
the important debate on the semiotic, ontological, and general philosoph-
ical foundations of domain modeling and enterprise modeling in partic-
ular.

A core concept in the field of domain modeling is the conceptualization
of the domain. In this paper, we specifically focus on the development
of a deeper understanding of domain conceptualizations, while reflecting
on the way this notion is positioned in the FI- and MU-theories.

1 Introduction

Models have come to play an important role in all stages of the life-cycle of enter-
prises, as well as their information and software systems. This life-cycle includes
their development, improvement, maintenance, operation, as well as their regula-
tion, while the models used cover amongst others enterprise (architecture) mod-
els, business process models, ontology models, organizational models, information
models, software models, etc. In this paper, we consider each of these kinds of mod-
els as being valued members of the larger family of domain models.

In our view, the increasing role of domain models fuels the need for more fun-
damental reflection on the foundations of domain modeling. These foundations
have certainly been studied by different scholars (see e.g. [1,20,35,44,51,52,65,
66,69,70]), as well as by ourselves (see e.g. [5–7,13,23,25–30,40,41,50,59,63,76]).
At the same time, many challenges remain. Some of these challenges have been
discussed in e.g. [5,27,29,63].

The Factual Information (FI) and Model Universe (MU) theories aim at con-
tributing to these foundations, and are considered by the enterprise engineering
community to be among the core theories of the field [14]. The latest versions of
these theories have recently been published in [15].
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D. Aveiro et al. (Eds.): EEWC 2020, LNBIP 411, pp. 49–69, 2021.
https://doi.org/10.1007/978-3-030-74196-9_4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-74196-9_4&domain=pdf
http://orcid.org/0000-0002-7318-2496
https://doi.org/10.1007/978-3-030-74196-9_4


50 H. A. Proper and G. Guizzardi

In this paper, we offer a partial analysis and criticism of these two theories. We
focus on the development of a deeper understanding of domain conceptualizations
in particular, which we see as a core concept in the field of domain modeling.
This allows us to continue the important debate on the semiotic, ontological, and
general philosophical foundations of domain modeling. In doing so, we follow the
philosophical approach of developing arguments based on logical reasoning, while
also synthesizing and incorporating results from different scholars.

In line with this, the remainder of this paper is structured as follows. In
Sect. 2, we start by visiting the semiotic roots of modeling. This enables us
to then, in Sect. 3, investigate the notion of domain conceptualizations. Before
concluding, Sect. 4 then discusses our understanding of models and modeling,
based on this.

2 Semiotic Foundations

We view domain modeling primarily from a communicative stance. Models are
created by/for actors (be it human or IT-based actors) to communicate about
different aspects of a domain. As a result, the semiotic triangle by Ogden and
Richard [56] is a foundational element in our thinking about modeling.

In line with this, the aim of this section is to briefly explore the semiotic roots
of modeling. In doing so, we will discuss: (1) the semiotic triangle [56] itself, (2)
the fact that communication generally involves multiple actors, (3) the exchange
of information between the involved actors, and (4) compositionality of symbols.

2.1 The Semiotic Triangle

The semiotic triangle by Ogden and Richard’s [56], depicted in Fig. 1, is often
used as a base to theorize about meaning in the context of language [12,53,67,73].

Fig. 1. Ogden and Richard’s semiotic triangle [56]
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Several authors, including ourselves, use it to reason about the foundations of
(information) systems modeling (see e.g. [36,43,44,49]).

The semiotic triangle, as shown in Fig. 1, is concerned with the way we assign
meaning to symbols (utterances in some language). The tenet of the semiotic
triangle is that when we use symbols to speak about “something” (a referent),
these symbols represent (symbolise) our thoughts (thought or reference) about
that something (referent). The thought or reference is then the meaning we have
assigned to the symbols. The referent can be anything, in an existing world, or
in a desired/imagined world. It can involve physical phenomena (e.g., tree, car,
bike, atom, document, picture, etc.), mental phenomena (e.g., thoughts, feelings,
etc.), as well as social phenomena (e.g., marriage, mortgage, trust, value, etc.).

It is important to keep in mind that [56, pp. 11–12]: “Symbol and Referent,
that is to say, are not connected directly (and when, for grammatical reasons, we
imply such a relation, it will merely be an imputed as opposed to a real, relation)
but only indirectly round the two sides of the triangle.”

In the context of modeling, the notion of “thought or reference” is sometimes
replaced by the notion of concept. This, implies the assumption that a “thought
or reference” pertaining to some referent that is to be modeled, takes the form of
a concept. The latter assumption is certainly relevant in the context of modeling.
At the same time, we should realize that, in the more general situation, symbols
are also used to refer to things that may not correspond to clear concepts, such as
tastes, smells, feelings, etc. Consider, for instance, the textual description of the
taste of a good wine, where one uses terms such as a “fruity taste” or “hints of
liquorice”. While “taste” in the general sense can easily be regarded as a concept,
the actual taste sometimes cannot. In communicating about the taste of wine,
we use terms like “fruity taste” and “hints of liquorice” as placeholders (i.e.
symbols) to symbolise the actual taste we think to experience when savouring
a sip of wine1. Reading these terms, the symbols, in the description of a wine,
then triggers our thoughts/memories of the taste. However, we prefer not to call
these latter thoughts actual concepts.

A more fundamental change which some authors make, is to replace the
“stands for” relationship with a solid line/arrow, seemingly ignoring its imputed
status. Unless nuanced explicitly, such a replacement suggests there to be an
objective binary relation between a referent and a symbol only, independent of
a given conceptualization. Doing so would be a denial of the key message of the
original semiotic triangle.

1 These internal experiences such as particular perceptions of color or taste are termed
Qualia in the philosophical literature [72]. For an interesting discussion on the non-
conceptual content of perception, one is referred to [11]. Authors such as [21] provide
a precise formulation for concepts in spaces such as color and taste, namely, as a
convex region in those geometric space. So, we are not denying that things like taste
can be associated with concepts. However, we would like to allow for the existence
of experiences that can be (partially) symbolised but that are not conceptual. As
an obvious example, think of a patient trying to communicate to their attending
physician an experience of pain. Given the private nature of these experiences, com-
municating them with other agents is an obvious challenge.
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The “slightly adapted version” [15, page 51] of the semiotic triangle as included
in the latest version of the FI-theory actually makes three (implicit) changes to
the original triangle. Firstly, “thought or reference” is replaced by “thought” only.
Secondly, “symbol” is replaced by “sign”2. These could, indeed, be classified as
“slight” changes. However, it also replaces the “stands for” dotted line with a
solid arrow labelled (with the stronger) denotes. On the positive side, [15, page 52]
does indeed state: “... although the relationship between a sign and its referent is
completely determined by their being connected through the thought, it is often also
indicated separately: the sign is said to denote the referent.”, which provides some
nuance regarding the “solidity” of the line. Nevertheless, the “it is often also indi-
cated separately” does seem to indicate an intention to regard the original “stands
for” relationship as an independent binary relationship, rather than an imputed
one from the “symbolises” and “refers to” relations.

2.2 Communication Between Actors

Even though it was created from a communication oriented perspective, the
semiotic triangle on its own is “single sided” in the sense that it only refers to
one actor.

In the context of communication, it is important to acknowledge the fact
that there are at least two actors involved3. Any language utterance (such as,
in our discipline, models) has both a writer and a reader [67]. In terms of the
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Fig. 2. Writer and Reader with their own semiotic triangles

2 We actually agree on this replacement, as sign is a more generic way to refer to any
form of “information carrying artifact” [60].

3 Where writing a note to/for oneself could be seen as an extreme case, since the actor
who reads the notes is not completely the same as the actor who wrote the note. The
general mental state of the reader will still be different from the one of the writer.
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semiotic triangle, this implies that both the author and writer have their own
thoughts about the symbol, in the context of (possibly) the same referent.

This is illustrated in Fig. 2. Both reader and writer harbour their own
thoughts, while using the same symbol to symbolise these. Even when both
reader and writer think they are “talking” about the same referent, this may
actually not be the case (hence the presence of two “Referents” in Fig. 2).

If the referent is a physical thing in the existing world, reader and writer
have a chance of indeed looking at the same referent. When the referent is a
physical thing in a possible/desired future world, it already becomes more chal-
lenging to ensure that they are considering the same referent. When the referent
is not a physical thing, but rather a social thing, or even a mental thing, matters
become even more challenging. The latter kind of situations might be mitigated
by more meta-communication [39] between reader and writer, e.g., involving the
description of their focus, paraphrasing, or using a domain-independent system
of ontological categories to calculate the relations between their individual con-
ceptualizations [31].

At a more general level, it is important to acknowledge that communica-
tion requires the actors to share their understanding using a broad stream of
symbols. This stream of symbols may “meander” between the communication of
the intended “message”, as well as a clarification of the precise meaning of the
symbols used (i.e. meta-communication [39]).

2.3 Information Exchange Between Actors

The strict separation between the thoughts, the referents these thoughts pertain
to, and the symbols used to symbolise the thoughts, also enables us to make a
clear distinction between the symbols we use to communicate and the actual
“informational payload”.

When a reader “reads” a symbol (including data, documents, models, etc.),
then, assuming they understand the language used, they will form thoughts
in their mind. If these thoughts are new, then the symbol has provided them
with information4. Conversely, writers, in “writing” the symbol, presumably
aim to convey their thoughts to others. These thoughts-to-be-conveyed are the
intentional informational payload of the symbol. As such, the information that is
(to be) carried by a symbol is in “the eye of the beholder”. We experience this on
a daily base, as we all know that a document may provide different information
to different readers.

The latter view on information is in line with the perspective taken in e.g. the
FRISCO report [17], cybernetics [37] as well as work in the context of information
science and information discovery [3,60]. In this context, [37] also refers to the
“difference that makes the difference”.

4 For some authors such as, e.g., Floridi [19], information must be truthful semantic
content, i.e., it is semantic content back up by the proper truthmakers in reality. For
the sake of simplicity, we do not make this distinction here.
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With regard to information, the FI-theory, [15, page 51] currently states:
Because minds cannot communicate directly, a vehicle is needed to accomplish
it, and this vehicle is called information. This seems to suggest that the vehicle
is the information, whereas, as argued above, it seems more natural (and better
aligned to the extended semiotic triangle as depicted in Fig. 2) to acknowledge
the fact that the information that is actually carried by the vehicle is in the eye
of the beholder.

Even more, when stating “This makes information a dyadic notion: it has
both content and form, inseparably connected” [15, page 51], we immediately
run the risk of turning a blind eye to the fact that communication involves
multiple actors, each with their own thoughts about the symbol/vehicle used to
communicate. As such, we would argue it to be a quadratic relation, involving:
(1) form (the symbol), (2) meaning (the thought or reference) as harboured in
the mind of (3) an actor, pertaining to some (4) referent as “seen” by the latter
actor5.

2.4 Compositionality of Symbols

A document, consisting of many sections, sentences, images, tables, etc., can be
regarded as a “composed symbol”. Models, as artifacts, can also be regarded as
“composed symbols”. Such composed symbols are likely to also relate to com-
posed thoughts, while referring to a composed referent. In terms of the semiotic
triangle, this triggers the question if the relations included in the triangle scale
from basic symbols to increasingly composed symbols. Most authors (as well as
ourselves) who apply the semiotic triangle in the context of modeling, essentially
implicitly assume that these relations indeed scale in the above sense.

We are not arguing here that this would be a wrong assumption to make.
However, we do consider it to be important to take note of this assumption, and
reflect on its potential consequences. Especially since, in the context of domain
modeling, we are usually dealing with composed referents, thoughts and symbols.

3 Domain Conceptualizations

In moving from the general discussion regarding the semiotic triangle towards
modeling, we first need to further elaborate on the notion of domain conceptual-
ization. To this end, this section will address: (1) distinction between perceptions
and conceptions, (2) domain conceptions (such as enterprises), (3) the role of the
purpose of a communicated artifact (such as a model), (4) the role of “normative
frames” (such as philosophical stance, language definitions, design philosophies,
etc.).

5 Which is also aligned to the semiotic tetahedron as put forward in the IFIP 8.1
FRISCO report [17].
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3.1 From Perception to Conception

In the context of modeling, we suggest to make a distinction between two kinds
of (composed) thoughts: conceptions and perceptions. When an actor observes a
(composed) referent, they will obtain (through their senses) a perception (indeed,
including e.g. the taste of a good wine) of that referent. They may than be able to
interpret, structure, and/or further abstract, this perception to form a conception
in terms of concepts and their relations.

In perceiving, and conceiving, the many facets and nuances of the world
around us, we will need to apply filters6; if only to deal with the complexi-
ties and richness of the world around us. When creating a conception, from our
perception, we tend to filter even further, consciously leaving out details to be
able to focus on what we think to be important (in particular when creating
models). This is also where we apply our “hard-wired” ability to classify our
observations and make generalizations [45,46].

In the remainder of this section, we will come across three classes of such fil-
ters (that are relevant to domain modeling): domain conceptualizations, purpose
and normative frames.

3.2 Domain Conceptualizations

In the context of domain modeling we assume a conception (of something to be
modeled) to involve a set of domain concepts [26]. For example, the domain of
genealogical relations (taken from [26]), includes the domain concepts: Person,
Man, Woman, Father, Mother, Offspring, being the father of, being the mother of, etc.
This part of a domain conception is what we prefer to call the domain concep-
tualization as it defines the fundamental concepts in which one creates one’s
conception of the world.

As also discussed in [26], a domain conceptualization then allows the actor
to create domain abstractions of certain facts in an existing/imagined reality.
The use of the word abstraction stresses the point that they are not the actual
facts in the observed world, but rather abstractions thereof. An example would
be the (representation of the domain abstraction of the) fact that a man named

John is the father of another man named Paul. Domain abstractions are also (part
of) domain conceptions, but rather at the instance level.

Needless to say that it is possible to take e.g. DEMO-modeling [15],
ArchiMate-modeling7 [47], or Fact-based modeling [34] as the domain of interest
as well. In such a case, the domain conceptualization would pertain to the mod-
eling constructs (Fact, Role, Actor, Process, realizes, etc.) where this would then
enable enterprise engineers to create domain abstractions corresponding to the

6 For an interesting paper on the role of goal-driven attention in perception and its
relation to perception blindness, one can refer to [68].

7 ArchiMate is a registered trademark of The Open Group (http://www.opengroup.
org).

http://www.opengroup.org
http://www.opengroup.org
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respective modeling languages. In this case, the domain conceptualization would
actually be a meta domain conceptualization.

The MU-theory actually uses the term conceptual schema instead of domain
conceptualization. We prefer to continue using the term conceptualization.
Firstly, as it (see [26]) predates the use of the term conceptual schema to refer to
the same. Secondly, the term conceptual schema may actually result in confusion
with its use in the context of conceptual database design [42], where it refers to
“the” description “of the possible states of affairs of the universe of discourse
including the classifications, rules, laws, etc., of the universe of discourse” (stress
added by us).

Given a domain conceptualization, an actor may imagine/observe different
domain abstractions that are compatible with the conceptualization. This implies
that the domain conceptualization essentially constitutes an (ontological) com-
mitment when perceiving and conceiving of more specific situations/aspects of
the observed referent. This commitment enables the actors to “carve out” differ-
ent domain abstractions, where the domain conceptualization acts as a filter on
how the actor can perceive and conceive a referent. Note that this also implies
that when an actor would observe the same referent, using a different domain
conceptualization, they will most likely arrive at different domain abstractions.

3.3 The Influence of Purpose

We argue that a symbol, in the sense of the semiotic triangle, is always
selected/authored/uttered for a purpose. In the case of a model, this is even more
obvious. As such, there will always be some communicative purpose involved,
if only to communicate with oneself (e.g. note taking). This overarching com-
municative purpose may be (situationally) refined in terms of the underlying
reasons for the communication [62]. This may be related to a desire to e.g., con-
vey an understanding about the world, make changes in the world, analyze a
potential problem, etc.

Consider for instance a situation in which an enterprise engineer needs to
create a high level view of the transactions between the main actor roles regard-
ing a the pizzeria “Perla del Nord” (taken from [57]). Imagine that the target
audience of the model is not fluent in DEMO [15], but rather well versed in the
use of ArchiMate [2]. Given this purpose, i.e. to communicate a high level view of
the transactions between the main actor roles to an audience which is not fluent
in DEMO but rather in ArchiMate, the enterprise engineer may decide to create
the model as depicted in figure. For this purpose, the enterprise engineer has
decided to not use ArchiMate as-is, but rather use DEMO’s transaction symbol
for the transactions.
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Transporter
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Fig. 3. High level construction model of pizzeria “Perla del Nord”

In the context of enterprise modeling, [58] suggest (at least) seven high-level
purposes for the creation of enterprise models: understand, assess, diagnose,
design, realize, operate and regulate.

The purpose may also be (situationally) refined in terms of e.g. properties of
the target audience [62]. This includes, for instance, the interests/concerns, of
the target audience, their background, cognitive abilities, etc.

The communicative purpose will influence the way an actor shapes their
thoughts (i.e. their perception and conception) regarding a referent/domain,
and their selection/creation of a (composition of) symbol(s) to symbolise these,
and as such act as a filter.

In the example of Fig. 3, the enterprise engineer used a DEMO-based concep-
tualization to study the domain of pizzeria “Perla del Nord”, to then produce a
domain abstraction that resulted in the model shown in Fig. 3. In representing
the domain abstraction in terms of a model, the enterprise engineer decided to
use primarily to ArchiMate models to bridge to the background of the target
audience. However, for another audience, the enterprise engineering may have
decided to use drastically different artifacts in the role of models of the pizzeria,
including animations or games [22]. As illustrated in Fig. 4, one may choose to
use the “My Pizza Shop”8 computer game (left illustration) to communicate the
workings of the pizzeria, or even use a more tangible form using, e.g., Playmobil9

(the right two images).

8 By Tapps Games (http://tappsgames.com).
9 Playmobil is a registered trademark of geobra Brandstätter Stiftung & Co. KG

(http://company.playmobil.com).

http://tappsgames.com
http://company.playmobil.com
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Fig. 4. Alternative ways to capture models of the pizzeria (See footnote 11 and 12)

3.4 The Influence of (normative) Frames

When we observe the world (not just when modeling), we consciously, or sub-
consciously, apply certain (normative) frames. These frames provide filters on
the way we perceive and conceive the world, controlling that what we (within
the capacity of our senses) allow ourselves to “see”.

The earlier discussed domain conceptualizations are a first class of exam-
ples of such frames. As such, the enterprise engineer who produced Fig. 3 used
the DEMO-based conceptualization as a normative frame shaping their domain
abstraction, while using ArchiMate as a normative frame in producing the rep-
resentation. However, there are more frames that play a role when we observe
domains, and thus influence the way we (are able to) model.

These frames may be the result of what we learned at an early stage in our
lives [46], but may also be based on our cultural environment, the language(s)
we use, our upbringing, our educational background [50], and our philosophical
stance. Some of these frames may have an explicit normative character, e.g.
reflecting societal, cultural and/or professional norms10.

Quite often, we may not even be aware of the (normative) frames we use.
An interesting quote in this regard, attributed to Poincaré, can be found in [56]:
“We have to make use of language, which is made up necessarily of preconceived
ideas. Such ideas, unconsciously held, are the most dangerous of all.”

In [59] we already identified some of the normative frames that may influence
us when creating domain models. Modeling frameworks, paradigms, metaphors,
(foundational) ontologies, classification/typing mechanisms, taxonomies, dictio-
naries, domain conceptualizations, etc., can all be seen as (normative) frames.

(Normative) frames have possible advantages and disadvantages. They enable
us to make sense of the world around us, manage its complexities, and focus the
way we observe the world. That also empowers us to express/gather knowledge,
while making communication easier as they can provide us with a common back-
ground. The communicative purpose (see above) also leads to the selection/use
of a specific (normative) frame. At the same time, there are moments where such

10 Nisbett [55] is an example of an author who discusses the influence of social and
cultural norms in perception, conceptualization and reasoning. It is important to
highlight that he talks about cultural effect (or influence) on thought without com-
mitting to linguistic relativism (and neither do we make such a commitment).
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frames may actually act as a straitjacket, disabling us to innovate or see the real
problems. A key challenge is, to be aware of the (normative) frames we use [59],
and use them wisely.

One may also identify a certain hierarchy among the used frames. For
instance, a domain conceptualization may be compliant to a specific modeling
language, which in itself may be compliant to a foundational ontology. It is also
interesting to not that the ArchiMate language was actually designed in terms
of multiple layers of increasingly more specific modeling concepts [48] (mirroring
the work on meta-model hierarchies as reported in [16]), potentially also enabling
modellers to apply a process of step-wise selection of interpretation (in terms of
an increasingly more specific meta-model) when modeling a domain [64].

In terms of the semiotic triangle, (normative) frames obviously have a (pos-
itive and/or negative) influence on the way an actor shapes their thoughts (i.e.
their perception and conception) regarding a referent/domain, and their selec-
tion/creation of a (composition of) symbol(s) to symbolise these.

With regards to the current version of the FI-theory [15] it is relevant to
observe that it bases itself strongly on the theory of Mario Bunge [9]. In particular
concerning the things the world is composed of. As such, this implies the adoption
of a specific view on the composition of the world; in other words, the adoption
of a specific frame. By positioning the FI-theory as an explicit cornerstone of
enterprise engineering, it (together with the TAO, PSI theories), becomes a
normative frame towards enterprise engineering.

The goal of this paper is not to argue if that would be a good choice for
enterprise engineering or not. We do, however, think it is important to make
such a choice explicit11.

4 Domain Models

In this section, we discuss the notion of model itself. In doing so, we will: (1)
discuss our current understanding of model, (2) clarify that modeling involves
the alignment of multiple conceptions, and (3) discuss the need to distinguish
between conceptual models and computational design models.

4.1 Defining the Notion of Model

The MU-theory [15, page 73] bases its notion of model exclusively on the defini-
tion provided by Apostel in [1]: “The foundations part starts with this definition
of model: any subject using a system A to obtain knowledge of a system B is
using A as a model of B.” What is interesting to note is that in [1], Apostel pro-
vides this definition as a summary of the discussion provided in that paper. More
specifically, immediately before providing the above definition, Apostel states [1]:
“This will be our final and most general hint towards the definition of model”.

11 For example, one of us has argued at length elsewhere against the adequacy of
Bunge’s ontology as a foundation for conceptual modeling [24,25,33].
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This definition should, therefore, not be seen as the final word of what a model
is, but rather as an intermediate state in an ongoing debate. A debate to which
other scholars [20,35,44,51,52,65,66,69,70], as well as ourselves [5,27,29,63],
have, or endeavoured to, contribute to.

Based on these foundations, our current understanding of the definition of
the notion of domain model is:

A social artifact that is acknowledged by an observer to represent an
abstraction of some domain for a particular purpose.

Each of the stressed words in this definition requires a further explanation, where
domain and purpose have already been discussed in the earlier sections.

A model is seen as a social artifact. It is a social artifact in the sense that its
role as model should be recognizable by a collective agent12. Moreover, for this
reason, it should exist outside of our minds. In other words, in the view defended
here, a model generically depends on some external medium in order to exist
[71]13. In “our” field of application, this artifact typically takes the form of some
“boxes-and-lines” diagram (see e.g. Fig. 3). These diagrams, expressed (again,
typically) in some form of concrete visual syntax, can have its grammar specified
by a set of rules (e.g., a meta-model, a graph grammar [75]), and its semantics
defined by a mapping to a mathematical structural (formal semantics [38]) or
to an ontological theory (ontological or real-world semantics [13]).

More generally, however, domain models can, depending on the purpose at
hand, take other forms as well, including text, mathematical specifications,
games, animations, simulations, and physical objects (also see our earlier dis-
cussion regarding Fig. 4).

When the modeled domain pertains to a part/perspective/aspect of an enter-
prise, then we can indeed refer to the resulting domain model as an enterprise
model.

In requiring a model to be an artifact, we deviate from the definition sug-
gested in the MU-theory, where a model can be (in terminology of the MU-
theory) a “symbolic complex”, a “concrete complex” (in the tangible sense), or
a “conceptual complex” (in one’s mind). Of these, the “symbolic complex” and
a “concrete complex” are artifacts. As such, in our definition, the “conceptual

12 Notice that, unlike [8], we do not require the model type to be recognizable a priori.
For example, the aforementioned Playmobil set is not a type of modeling grammar
for modeling pizzerias. Nonetheless, a particular use of that set to model a specific
pizzeria can be shared and recognized as such by a particular collective agent.

13 In [54], John Mylopoulos also defends the view that models are social artifacts. His
main argument is that models typically represent shared conceptualizations of col-
lective agents, which have to be produced through a social dialectic process from
the individual conceptualizations of the members of those collectives. Once more, in
order for that to be possible, for all realistic conceptualizations, a concrete represen-
tation existing outside the mind of those members must exist.
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complexes” are (consciously) left out14. The motivation for this lies in the obser-
vation that for models to be used in a context involving (often asynchronous)
communication, and collective problem-solving between humans (including, e.g.
enterprise engineering efforts), specially when dealing with complex abstractions,
they must exist as concrete artifacts. In this way, we can point at them, we pro-
vide them explicit identities, speak about their authors/creators, preserve them,
etc.

This does not mean, as we will discuss below, that the notion of “conceptual
complex” does not play a role. We only suggest not to consider these to be (able
to play the role of) models.

As it is ultimately the observer who needs to acknowledge the fact that an
artifact is indeed a model of the domain, it actually makes sense to treat their
conception of the domain (involving a domain conceptualization and compatible
domain abstractions) as the de-facto “proxy” for the domain. It also, in line
with [1], points at the fact that being a model (in the eyes of an observer) is a
role of an artifact15.

We should also realize that the observer observes the model (as artifact) as
well, which therefore also creates a conception (in their mind) of the model.
As a consequence, the observer needs to validate the alignment between their
conception of the model and their conception of the domain, where the pur-
pose of the model determines the alignment criteria. For instance, in creating
the model shown in Fig. 3, or creating a computer-based game or game involv-
ing physical objects, to enable stakeholders to experience the “working” of the

14 A potential counterexample is the case of Blind Chess, in which two players play
the game without physical chess boards or pieces. In this case, we have individual
conceptions, which are updated by a sequence of explicit and mutually acknowledged
utterances. One could argue the sequence of these utterances is the model of the
game, since the game could be completely reconstructed from the shared initial
state plus that sequence (in a way that is analogous to the event sourcing (https://
martinfowler.com/eaaDev/EventSourcing.html) notion of a domain representation).
However, even the log of utterances in this case only exist in the players’ minds. For
the sake of this paper, we consider this as a case of a shared conception but not a
model.

15 Authors such as [8], defend that although artifacts must be created by acts of inten-
tion, preexisting entities that are not artifacts can become constituents of artifacts
via intentional acts of creation. For example, if one decides to use a pebble as a
paper weight, then a new entity is created (that paper weight), which is then consti-
tuted by the original pebble. According to this view, a “box-and-lines” drawing (or
a Playmobil set) constitutes an artifact (model) due to an intentional act of creation
- as opposed to saying that the diagram (Playmobil set) plays the role of a model.
This view is also adopted in [74], in which, for example, a program is said to be
constituted by a source code. We ignore this detail here and simply speak of an arti-
fact playing the role of a model in a looser sense. However, according to the former
view, we could also have non-artifactual entities playing the role of (or constituting)
a model. Take for example the situation in which we use a grass field and a set of
pebbles as a model of a football game. Again, for the sake of simplicity, we ignore
this case here.

https://martinfowler.com/eaaDev/EventSourcing.html
https://martinfowler.com/eaaDev/EventSourcing.html
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pizzeria “Perla del Nord” (as hinted at in Fig. 4), the modeler needs to align the
creation/structuring of the model (the artifact) and the domain abstraction it
needs to capture.

4.2 Alignment of Conceptions

A model is the representation of an abstraction of the domain [5,26,28,41]. This
implies that, in line with the purpose of the model, some “details” of the domain
are consciously left out. As a corollary to this definition, it implies that an
observer (when acknowledging that that some artifact is indeed a model of the
domain), must also be able to identify (“carve out”) details in the domain that
are not represented in the model.

In the context of domain modeling, four important flavors of abstraction
are [4]: (1) selection, where we decide to only consider certain elements and/or
aspects of the domain; (2) classification; (3) generalization; and (4) aggre-
gation. In our field of application, selection typically leads to frameworks of
aspects/layers by which to model an enterprise, but also to mechanisms for view
extraction, as well as clustering and model summarization [18,32]. Classifica-
tion, typically leads to some class-instance and/or type-instance relationships,
including type-instance relationships between types and higher-order types, i.e.,
multi-level structures [10]; generalization leads to the formation of specializa-
tion/generalization taxonomies, in which sub-types specialize properties of super-
types; aggregation leads to the formation of partonomies of various kinds in
which entities, seen as integral wholes, can be decomposed into parts. Parts, on
the other hand, hang together bound by some unity criterion that forms the
whole [30].

As a consequence of the above, an observer actually needs to harbour (at
least) four conceptions: (1) a “full” conception of the domain (as they “see” it),
(2) a conception of the purpose for the model, (3) an abstracted conception of
the domain, (4) a conception of the artifact that is (to be) the model representing
the latter abstraction.

It is important to realize that each of these four conceptions involves its own
domain conceptualization (and associated set of possible domain abstractions);
each with different (yet connected) domains as their focus. In the case of the
conception of the domain this involves the actual domain to be modeled. In the
case of the abstracted conception of the domain this involves the domain of
possible abstractions on the domain to be modeled. For the conception of the artifact,
the domain pertains to the constructional properties of the artifact in relation to the

domain to be modeled. For the conception of the purpose for the model the domain
involves the possible purposes for modeling the domain to be modeled.

Figure 5 provides an overview of the involved conceptions, where the concep-
tion of the purpose modifies the abstraction(s) and the alignment between the
conceptions of the model and the desired abstraction. We should also not forget
that the (normative) frames as discussed in the previous section influence the
formation of all four conceptions.
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Purpose

Model

Model Abstraction Domain Domain
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observe

aligned?

Conceptions

Fig. 5. Conceptions involved in domain modeling

When the model-conception corresponds to the abstraction-conception, then
the observer would agree that the artifact is a model of the domain for the given
purpose. As a consequence, different models (as artifacts) may indeed result in
the same model-conception, in which case (for the observer) they are equivalent
models of the same domain (for the same purpose).

If the observer is “the modeler”, i.e. the person creating the model, they
also need to “shape” the model in such a way that it best matches their desired
model-conception.

What is not shown explicitly in Fig. 5 is the fact that the normative frames
as discussed in the previous section, influence the way an observer creates (and
aligns) the four conceptions shown in Fig. 5. This specifically also includes the
modeling languages we use. Even more, when the observer has an explicit under-
standing of the normative frames they (consciously or unconsciously) use, these
understandings lead to conceptualizations in themselves. For instance, a con-
ceptualization of (their understanding of) the DEMO method or the ArchiMate
modeling language.

Returning briefly to the discussion above, where we limited our understand-
ing of models only, i.e., leaving out what the MU-theory suggests to refer to as
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“conceptual complexes”, we can now observe that both abstraction-conception
and model-conception are “conceptual complexes” in terms of the MU-theory.

4.3 Conceptual Models and Utilization Design Models

In line with the above discussion, a domain model should be (the representation
of) the abstraction of (the conceptualization of) a domain. At the same time,
for different (1) computational purposes, such as the ability to use the model as
a base for simulation, computer-based reasoning, execution, or database design,
and/or (2) experiential purposes, such as the ability to touch, interact with, or
feel the model (see, e.g., the examples shown in Fig. 4), it may be necessary
to include “features” in the domain model that are not “true” to the original
domain.

These “features” result in a model that does not correspond to (an abstrac-
tion of) the original domain. One could even say that it has been “compromised”
in order to provide some computational and/or experiential utility, effectively
also implying that the resulting model captures a (slightly) different domain.

This is where we suggest to make a distinction between conceptual models
and utilization design models in the sense that a conceptual model is defined as:

A model of a domain, where the purpose of the model is dominated by the
ambition to remain as-true-as-possible to the original domain conception

while a utilization design model includes “compromises” to enable some compu-
tational and/or experiential (such as a game; see Fig. 4) utility16.

Note the use of the word ambition in the definition of conceptual model.
As discussed in [61], we are not suggesting there to be a crisp border between
conceptual models and utilization design models. However, the word ambition
also suggest that a modeler/observer, as their insight in a domain increases,
should be driven to reflect on the conceptual purity of their conceptualization
and of the resulting model.

Utilization design models certainly have an important role to play. However,
it is important to be aware of the “compromises” that had to be “designed
into” the original domain conceptualization, to obtain the desired computa-
tional/experiential utility of the model. As such, it is also possible that one
conceptual model has different associated utilization design models, each meet-
ing different purposes.

5 Conclusion

In this paper, we reflected on the semiotic roots of domain modeling (and enter-
prise modeling in particular), the important notion of domain conception, and

16 An example is the case of the so-called Operational Ontologies in Description Log-
ics, which trade domain appropriateness for certain computational properties (e.g.,
decidability) [26].
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models themselves. We positioned domain conceptions (with their underlying
domain conceptualization and associated domain abstractions) as a bridge from
the semiotic roots to the world of domain models.

In our discussions we also reflected on the current versions of two of the core
theories of the discipline of enterprise engineering (Factual Information (FI)
theory and the Model Universe (MU) theory).

We regard this paper as part of an ongoing “journey”, with the aim of deep-
ening our insights into the foundations of domain modeling. We certainly do
not claim this paper to be a fully finished work. It provides a snapshot of our
current understanding, and we hope that debates with our colleagues will aid us
in continuing our journey.
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Abstract. Game theory is largely about interactions of agents whose
decisions affect each other. The combination of agents’ actions corre-
sponds to outcomes, which may impact agents’ goals, either positively
or negatively. The analysis of the probable consequences and expected
utilities of all possible outcomes is fundamental to support agents when
deciding whether to engage in a certain strategy. In this paper, we move
in this direction by initiating the investigation of the ontological founda-
tion of the emergence of value and risk from outcomes in game theoretical
approaches. In order to understand the influence of these forces over out-
comes, a precise and rigorous conceptualization, based on foundational
ontologies, is needed. To this aim, we present and discuss here a prelim-
inary ontological modeling of basic concepts of game theory, as well as
the relation to value, risk and outcomes.

Keywords: Game theory · Value · Risk · Unified Foundational
Ontology (UFO) · Enterprise Architecture · Archimate

1 Introduction

Game theory has become an important field of study and has been employed by
practitioners of different disciplines, including economics, management, political
science, biology, law, among others. In general, “game theory is concerned with
situations in which decision-makers interact with one another, and in which the
satisfaction of each participant with the outcome depends not just or her own
decisions but on the decisions made by everyone” [6]. Game-theoretic analysis
include the modeling of the possible results of each strategy chosen by the players,
taking into account uncertainties that neither player directly controls but that
may influence outcomes, and assessing the expected utilities of these possible
results. If we take the notion of risk presented in the ISO 3100:2018 [18,19]
standard, which defines risk as the “effect of uncertainty on objective”, we can
conclude that an important part of choosing a strategy is understanding the
risks involved in this decision.
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Game outcomes may have either a positive or a negative effect on players’ wel-
fare, which are traditionally modeled in game theory by means of the Expected
Utility Theory, cf [24].

As we shall see, in our account the positive and negative results shall be
construed by means of the concepts of ‘value’ and ‘risk’, respectively; this move is
motivated by the intent to provide a semantically transparent and interoperable
qualitative account of the abstract quantitative theory of utilities. Thus, players
must weight value and risks against each other when deciding whether to engage
in a certain strategy. From this perspective, traditional risk analysis may help to
advance the current state of the art of practical applications of game theory by
modeling and assessing probable consequences for each outcome, thus allowing
for understanding how value and risk emerge from combinations of actions of
players.

Research into the foundations and the proper applications of game theory to
real world scenarios has evolved at a vigorous pace throughout the past century,
cf. [24] and nowadays the theoretical analysis provided by game theory is nicely
complemented by advanced sets of computational tools, cf. [23,36]. Over the
past years “mathematicians and economists enriched the foundation, gradually
building one of the most powerful and influential toolboxes of modern social
science” [41].

Although the formalization of game components is quite well established,
a detailed ontological understanding of the fundamental notions of game the-
ory is missing. In particular, a clear ontological foundation of the objectives, or
goals, of the interacting agents and of the emergence of value and risk from the
outcomes of interaction is still to be developed. Without a precise conceptual-
ization and rigorous definition of fundamental game theory notions, modeling
and communication problems may arise. For example, when various modelers
share a model without a clear semantics, different modelers come to different
interpretations of the same model and are not aware of the conflict, running into
a False Agreement problem [9]. As a result, practitioners have to make their own
interpretations about the key concepts proposed in such models, which may lead
to incorrect usage, and subsequently, them not obtaining the expected results
[20]. This problem can manifest itself, for example, in the modeling of Enter-
prise Architectures. A main challenge of incorporating the fundamental notions
of game theory in enterprise architecture lies in identifying a precise conceptu-
alization for these notions. Without such a precise conceptualization, different
modelers may come to different interpretations of the same model, thus result-
ing in enterprise architecture models that cannot serve their purpose as tools for
communication between stakeholders, decreasing the value of enterprise archi-
tecture models in the pursuit of informed decision-making.

In this paper, we intend to contribute to filling these gaps by initiating the
investigation of the ontological foundation of the emergence of value and risk in
game theoretical approaches. We believe that a proper ontological understanding
and modeling of the basic notions of game theory is mandatory to apply this rich
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body of knowledge and computational tools in designing information systems and
supporting strategic decision making.

The contribution of this paper is threefold. Firstly, we make use of the
concepts and relations defined in the Common Ontology of ValuE and Risk
(COVER) [33] (Sect. 3.2) - a novel well-founded reference ontology that explains
value and risk as dual and intrinsically connected notions –to analyse the pay-
offs of a game in terms of value and risk, as well as how they emerge from
outcomes in game theory. Secondly, we propose a precise representation of our
analysis by means of an ontologically well-founded model, specified in OntoUML
[12] and thus, compliant with the meta-ontological commitments of the Unified
Foundational Ontology (UFO) [12]. Finally, we apply our ontological account
for game theory concepts to model game outcomes in the context of Enterprise
Architectures.

The remainder of this paper is organized as follows. In Sect. 2, we provide an
overview of some basic concepts of game theory and a discussion on the emer-
gence of value and risk from outcomes. In Sect. 3, we briefly introduce the Unified
Foundational Ontology (UFO), as well as the Common Ontology of ValuE and
Risk (COVER) [33], which serve as conceptual foundation for the analysis con-
ducted in this paper. In this section, we also present a number of modeling
patterns based on COVER that support the modeling of value and risk in the
standard enterprise architecture language Archimate. In Sect. 4, we represent the
results of our analysis in a concise OntoUML model. In Sect. 5, we instantiate the
model using a Bank Run game example. To demonstrate the contribution of our
proposal to the modeling practice, in Sect. 6, we apply these results to represent
the emergence of value and risk from game outcomes in enterprise architecture
models in Archimate. We conclude with some final remarks in Sect. 7.

2 On Game Theory

2.1 Strategic Games

“Game Theory studies decisions in which the outcome depends partly on what
other people do, and in which this is known to be the case by each decision maker”
[27]. Shoam and Leyton-Brown [37] define game theory as “the mathematical
study of interaction among independent, self-interested agents.”

In game theory, a game is intended to refer to any social situation involving
two or more agents, named players. A player may be interpreted as an individual
or as a group of individuals making a decision. Two basic assumptions about
players are that: (i) they are rational [24], meaning that they make decisions
consistently in pursuit of their own objectives and aiming at maximizing the
expected value of their payoff; and (ii) they take into account their knowledge or
expectations of other decision-makers’ behavior [37]. According to Shoam and
Leyton-Brown [37], each player “has his own description of which states of the
world he likes” and “acts in an attempt to bring about these states of the world”.

The dominant approach to modeling an agent’s interests is Utility Theory,
which aims at quantifying an agent’s degree of preference across a set of available
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alternatives [37]. Under a wide range of circumstances, the preference relation of
a player in a strategic game can be represented by a utility function (also called
a payoff function) [25]. A utility function is a mapping from states of the world
to real numbers. These numbers are interpreted as measures of an agent’s level
of happiness in the given states.

A strategic game is a model of interactive decision-making in which players
(agents) simultaneously choose their plan of action to perform in the environ-
ment. The combination of each agent action (the action profile, in the game-
theoretical jargon) brings about a possible outcome o in a set of outcomes O,
that depends on the actions performed by the agents, cf. [42]. We can represent
an agent utility function as a function from O to the real numbers R (u : O → R)
that assigns to each outcome o in O a measure of how good o is for the considered
agent. The greater the number, the better o is for that agent.

Based on the above-mentioned definitions, a (strategic) game includes (cf.
[42]): a finite set N of n agents, indexed by i; for each agent i ∈ N , a nonempty
set Ai of actions (or strategies) available to agent i; a set of outcomes O; the
preferences or utilities ui of the agents over the combinations of actions (out-
comes). In Game Theory, to simplify the model, the set of outcomes is usually
identified with the set of all possible combinations of agents’ actions; however,
we prefer to keep the two sets distinct, as in [42], to facilitate our subsequent
ontological analysis.

Let us take as example a set of agents N = {x, y} and a set of actions
A = {C,D} available to both agents x and y. Assume that each combination
of agents’ actions brings about a distinct outcome, i.e. we have the following
set O = {o1, o2, o3, o4}, where o1 = (C,C), o2 = (C,D), o3 = (D,C) and
o4 = (D,D). In addition, for each agent, we can define the preferences or utilities
directly on the combinations of actions (or outcomes). For instance:

ux(C,C) = 2, ux(D,C) = 1, ux(C,D) = 2, ux(D,D) = 3

uy(C,C) = 2, uy(D,C) = 3, uy(C,D) = 1, uy(D,D) = 2

A natural way to represent games is via an n-dimensional matrix, also known
as payoff matrix. For example, in a two-dimensional matrix, in general, each
row corresponds to a possible action for player x, each column corresponds to
a possible action for player y, and each cell is a combination of actions that
corresponds to one possible outcome. Each player’s utility for an outcome is
written in the cell corresponding to that outcome, with player x’s utility listed
first. Table 1 illustrates the payoff matrix for the example just mentioned.

Table 1. Payoff matrix example

Player y

C D

Player x C 2,2 2,1
D 1,3 3,2
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A fundamental concept in game theory is that of Nash equilibrium. A Nash
equilibrium is a set of actions (an action profile), one for each player (agent),
such that no player could improve their payoff by unilaterally deviating from
their assigned action. For example, considering two agents x and y, two actions
a1 and a2 are in Nash equilibrium if: (i) assuming that agent x plays a1, y can
do no better than playing a2; and (ii) assuming that agent y plays a2, x can
do no better than playing a1. The game presented in Table 1 has a unique Nash
equilibrium, namely (C,C).

2.2 Example: Bank Run

The game theoretical literature on bank runs is largely built on the seminal
paper by Diamond and Dybvig [5].

A bank holds only a fraction of its deposits as cash reserves. It lends out as
much of its deposits as it can (subject to a banking regulator’s capital-adequacy
requirements), making a profit from the interest it charges. A bank run occurs
when a large number of customers of a bank or another financial institution
withdraw their deposits simultaneously due to concerns about the bank’s sol-
vency, which is common in times of crisis. If the depositors do not withdraw and
give bank enough time to tide over crisis, then payoff is highest and they can get
their money with interest. However, if there is panic among depositors and all
of them rush to withdraw their money, then due to insolvency each will end up
getting a lesser amount. Finally, if few withdraws and the others do not, then
the one who withdraws gets more than the one who do not withdraw.

To simplify, let us consider the example of a bank with just two depositors.
Each depositor makes a deposit of 1000 euros in the bank. The bank invests these
deposits in a long term project. If the bank is forced to liquidate its investments
before the project matures, a total of 1600 euros can be recovered. However, if
the bank allows the investment to reach maturity, the project will pay out a total
of 2400 euros. Therefore, if both depositors make withdrawals before the project
matures, each agent will receive 800 euros. If only one depositor withdrawal
her money before the project matures, she receives 1000 euros and the other
one, 600 euros. Finally, if both depositors retain the payment until the project
matures, the bank returns 1200 euros for each one. Table 2 presents the payoff-
matrix for this example, considering that the depositors may only choose between
withdrawing their deposits before the project matures or retaining their deposits
until it matures. Note that although in this example the payoffs are related to
the value returned to depositors by the bank, payoffs are not necessarily the
same as monetary worth. This is because payoffs or utilities identify the players’
preferences, which are not necessarily measured in terms of profit or money,
cf. [27].

This game has two Nash equilibria: (i) both depositors withdraw; and (ii)
both depositors retain. The first of these two outcomes (i) can be interpreted as
a run on the bank. If depositor A believes that depositor B will withdraw before
the project matures, then her best response is to withdraw as well, even though
both depositors would be better off if they waited until the project matures.
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Table 2. Bank Run example

Depositor B
Withdraw Retain

Depositor A Withdraw 800,800 1000,600
Retain 600,1000 1200,1200

Recently, some authors have compared the shortage of toilet paper, associated
to the spread of coronavirus, to a bank run [26]. They state that “this panic
buying is the result of the fear of missing out and is a phenomenon of consumer
behaviour similar to what happens when there is a run on banks” [26]. According
to Payolo [26], “both banking and the toilet-paper market can be thought of as a
coordination game with two players (one individual and everyone else) and two
strategies (panic buy or act normally). Each strategy has an associated pay-off.
If everyone acts normally, we have an equilibrium: there will be toilet paper on
the shop shelves, and people can relax and buy it as they need it. But if others
panic buy, the optimal strategy for the individual is to do the same, otherwise
she’ll be left without toilet paper. The result is another equilibrium, which is
everyone panic buys”.

2.3 Value, Risk and Outcomes

According to Sun and Sun [38], “game theory is mainly about choosing the most
advantageous plan of action given the effect the opponent has on us”. Agents
perform actions motivated by intentions, which are related to their goals. In
game theory, an outcome corresponds to a combination of actions performed
by agents. Payoffs are related to outcomes results, which can contribute to the
achievement of agents’ goals. Sun and Sun [38] state that payoff “refers to the
reward received after the player has chosen a certain strategy or action”.

As extensively discussed in the literature [21,22,33], value is directly con-
nected to the achievement of goals. Things and experiences have value to people
because they allow them to achieve their goals. For example, an object has value
to an agent because it has properties (e.g., capacities, “affordances”, i.e., ulti-
mately, dispositions) that can be leveraged to enact events that, in turn, bring
about situations that contribute to satisfy that agent’s goals [2,16]. In summary,
the more an event makes progress towards achieving an agent’s goals (i.e., the
more the situation it brings about contributes to satisfying those goals), the
more valuable it is to that agent. In other words, the results of outcomes, rep-
resented by payoffs, may create value for agents as they can positively impact
their goals. But, as value is not an intrinsic property, the same object or experi-
ence may have different values to different agents, or even according to different
goals adopted by the same agent. Thus, since the players have different goals and
under different circumstances, they may feel differently w.r.t. the same reward.
For example, a mask has a higher value during the COVID-19 pandemic because
by wearing it, one is better protected from getting infected.
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Interestingly, at the same time that outcome results can generate value, they
also entails some risk, as they can negatively impact an agent’s goal. The relation
between value and risk is pointed out by several works in the literature. Accord-
ing to Sales et al. [33], “the notion of risk is irreducibly intertwined with the
notion of value” and one of the differences between them rely on “the expected
impact on goals: negative for risks and positive for value”.

Having a clear understanding of the influence of these forces over outcomes
is fundamental to the agent’s decision making. For example, “in an uncertain
game, a rational agent would not always play the strategy that gives the high-
est expected payoff if the risk is too high. For a risk-averse agent, the strategy
that takes the least risk has the highest dominance. For a risk-seeking agent,
the strategy that may give the highest payoff has the highest dominance regard-
less of the risk and the expected payoff. For a risk-neutral agent, the dominant
strategy is the one that gives the highest expected payoff” [8]. Risk analysis,
including probabilistic risk assessment of how events may unfold, can be very
useful (perhaps even essential) for realistically complex problems, in populating
the cells in payoff matrices. Therefore, as stated by Cox [4], “risk analysis and
game theory are also deeply complementary”. Game-theoretic analyses require
modeling the probable consequences of each choice of strategies by the players
and assessing the expected utilities of these probable consequences. Decision and
risk analysis methods are well suited to accomplish these tasks.

3 Ontology-Based Foundations

Our aim is to provide a first ontological analysis of the emergence of value and
risk from game outcomes. Our analysis is grounded in the Unified Foundational
Ontology (UFO) [12], which was created with the specific purpose of providing
foundations for conceptual modeling. UFO is formally connected to a set of engi-
neering tools including a modeling language (OntoUML), as well as a number
of methodological (e.g., patterns, anti-patterns) and computational tools [15].
Research shows that UFO is among the most used foundational ontologies in
conceptual modeling and the one with the fastest adoption rate [40]. In partic-
ular, we rely on the concepts and relations defined in the Common Ontology of
ValuE and Risk (COVER) [33], a novel well-founded reference ontology grounded
on UFO that explains value and risk as dual and intrinsically connected notions.
In this section we briefly discuss these ontological foundations.

3.1 The Unified Foundational Ontology

The Unified Foundational Ontology (UFO) is an axiomatic, domain independent,
formal theory, developed based on a number of theories from Formal Ontol-
ogy, Philosophical Logics, Philosophy of Language, Linguistics and Cognitive
Psychology. UFO is divided into three incrementally layered compliance sets:
UFO-A, an ontology of endurants (objects) [12], UFO-B, an ontology of events
(perdurants) [16], and UFO-C, an ontology of social entities built on the top
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of UFO-A and UFO-B, which addresses terms related to the spheres of inten-
tional and social things [13,17]. For an in-depth discussion and formalization,
one should refer to, for example, [2,7,12,14].

UFO is the theoretical basis of OntoUML, a language for Ontology-driven
Conceptual Modeling that has been successfully employed in a number of
academic and industrial projects in several domains, such as services, value,
petroleum and gas, media asset management, telecommunications, and govern-
ment [15]. Models created in OntoUML have a clear formal semantics, and a
comprehensive support for model verification, validation and code generation,
including versions in languages such as OWL [15]. In the sequel, we briefly explain
a selected subset of ontological distinctions put forth by the Unified Foundational
Ontology, which are relevant to our discussion.

UFO makes a fundamental distinction between individuals (particulars), and
types (or universals), i.e., patterns of features that are repeatable across indi-
viduals. Individuals can be endurants (roughly, things or object-like entities)
and perdurants (roughly, events, occurrences, processes). Within the category
of endurants, UFO distinguishes substantials and aspects (or moments). Sub-
stantials are existentially independent objects, such as Mick Jagger, the Moon,
the United Nations organization. Moments, in contrast, are existentially depen-
dent individuals, such as (a) Mary’s capacity to speak italian (which depends
on her) and (b) the marriage between John and Mary (which depends on both
John and Mary). Moments of type (a) are termed modes; those of type (b) are
termed relators. Relators are individuals with the power of connecting entities.
For example, an “enrollment” relator connects an individual playing the “stu-
dent” role with an “educational institution”. Furthermore, there is a third sort of
moments termed qualities. Qualities are individual moments that can be mapped
to some quality space, e.g., a flower’s color which may change from red to brown
while maintaining its identity and a person’s weight, which can be mapped to a
one-dimensional structure of positive real numbers.

The metamodel of the OntoUML language was designed to reflect the onto-
logical distinctions put forth by UFO. For this reason, the distinctions of the lat-
ter are reflected as modeling primitives (mostly stereotyped classes and relations)
of the former. In OntoUML, the stereotypes «phase», «role» and «roleMixin»
represent the respective ontological types of anti-rigid universals (which contin-
gently instantiate their instances): phases are anti-rigid universals with an asso-
ciated intrinsic contingent instantiation condition (e.g., being a child is being a
person who contingently is in a certain age range); roles are anti-rigid universals
with an associated relation contingent instantiation condition (e.g., being a stu-
dent is being a person who contingently participates in a enrollment relation with
an educational institution); rolemixins are anti-rigid and relationally dependent
universals that aggregate properties that are common to different roles (e.g., the
type customer that aggregates properties of individual customers and corporate
customers). Furthermore, the stereotype «mixin» is used to represent semi-rigid
universals (which are necessarily instantiated by some of its instances and con-
tingently instantiated by others). Finally, the stereotype «category» is used to
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represent rigid universals (which necessarily instantiate their instances such as
physical object, which aggregates essential properties of tables, cars, books).
The reader interested in more details on the modeling primitives of OntoUML
is referred to [1,7,14].

3.2 The Common Ontology of ValuE and Risk (COVER)

In this section, we briefly present the Common Ontology of ValuE and Risk
(COVER) [33], a well-founded ontology that makes the deep connections between
the concepts of value and risk explicit. COVER is grounded on several theories
from marketing, service science, strategy and risk management. It is specified in
OntoUML in [12].

COVER proposes an ontological analysis of notions such as Value, Risk,
Risk Event (Threat Event, Loss Event) and Vulnerability, among others. This
ontology characterizes and integrates different perspectives of value and risk.

COVER makes the following ontological commitments on the nature of value:

– Value emerges from impacts on goals. Value emerges from events that affect
the degree of satisfaction of one or more goals of an agent.

– Value is relative. The same object or experience may be valuable to a person
and of no value to another.

– Value is experiential. Even though value can be ascribed to objects, it is
ultimately grounded on experiences. For instance, in order to explain the
value of a smartphone, one must refer to the experiences enabled by it.

– Value is contextual. The value of an object can vary depending on the context
in which it is used.

As for risk, COVER makes the following ontological commitments:

– Risk is relative. This means that an event might be simultaneously considered
as a risk by one agent and not as a risk by another (it may even be considered
as an opportunity by such an agent).

– A risk is perceived according to its impact on goals, i.e. in order to talk about
risk, one needs to account for which goals are “at stake”.

– Risk is experiential. This means that we ultimately ascribe risk to events, not
objects.

– Risk is contextual. Thus, the risk an object is exposed to may vary even if all
its intrinsic properties (e.g. its vulnerabilities) are the same.

– Risk is grounded on uncertainty about events and their outcomes.

Given the objectives of this paper, we focus here on the perspective of value
and risk as a chain of events that impacts an agent’s goals, which the authors
named Value Experience and Risk Experience, respectively.

COVER breaks down Value Experiences into “smaller” events, dubbed Value
Events. These are classified into Impact and Trigger Events. The former are
those that directly impact a goal or bring about a situation (named Impactful
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Outcome) that impacts a goal. On contrast, Trigger Events are simply parts of
an experience that are identified as causing Impact Events, directly or indirectly.
To formalize goals, COVER reuses the concept of Intention from UFO [12], as
a type of mental state that describes a class of state-of-affairs that an agent is
committed to bring about. Note that, since agents in UFO’s view include both
physical and social agents, COVER is able to represent value being ascribed
from the perspective of a customer and an employee, but also from that of a
business unit or even a whole enterprise.

Risk Experiences focus on unwanted events that have the potential of causing
losses and are composed by events of two types, namely threat and loss events.
A Threat Event is the one with the potential of causing a loss, which might be
intentional or unintentional. A Threat Event might be the manifestation of: (i)
a Vulnerability (a special type of disposition whose manifestation constitutes a
loss or can potentially cause a loss from the perspective of a stakeholder); or
(ii) a Threatening Capability (capabilities are usually perceived as beneficial,
as they enable the manifestation of events desired by an agent. However, when
the manifestation of a capability enables undesired events that threaten agent’s
abilities to achieve a goal, it can be seen as a threatening capability). The second
mandatory component of a Risk Experience is a Loss Event, which necessarily
impact intentions in a negative way (captured by a Hurts relation between Loss
Event and Intention).

Figures 1 and 2 depicts two COVER diagrams in OntoUML, which captures
part of the aforementioned ontological notions.

Fig. 1. A fragment of COVER depicting value experiences [33]

3.3 Value and Risk Experience Modeling in Archimate

Archimate is a modeling standard that defines a layered structure by means of
which the architecture of enterprises can be described [39]. Based on the Common
Ontology of Value and Risk, Sales et al. [35] propose a pattern language for
value modeling in Archimate that allows the representation of Value Experiences
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Fig. 2. A fragment of COVER depicting risk experiences [33]

as well as Experience Valuations, among others. Similarly, in [32] Sales et al.
conduct an ontological analysis of risk modeling in Archimate in the light of
COVER, in which they propose a pattern to represent Risk Experiences. By
deriving patterns from COVER, they provide clear real-world semantics for its
constituting elements, thus reducing the ambiguity and conceptual complexity
found in previous approaches to model value and risk in the literature.

In the sequel we briefly describe three patterns that are relevant in the context
of our paper, namely the Value Experience Pattern, the Experience Valuation
Pattern and the Risk Experience Pattern. For a more detailed discussion on
value and risk modeling patterns, one should refer to [35] and [32], respectively.

Value Experience. This pattern allows modelers to detail experiences that cre-
ates value for a given stakeholder. As shown in Fig. 3, it consists of a «ValueEx-
perience» Grouping connected to a Stakeholder acting as the value subject
(agent from whose perspective the experience creates value), and its decompo-
sition into value events, which can be represented using Business Processes,
Business Events and/or Business Interactions.

Fig. 3. The Value Experience Pattern

Experience Valuation. This pattern allows modelers to describe value judg-
ments made towards experiences. As shown in Fig. 4, it consists of a «Valuation»
Assessment made by a Stakeholder (Value Assessor) that a «ValueExperi-
ence» creates Value for another Stakeholder (Value Subject). The Value

element corresponds to an entry in a scale chosen by the modeler.
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Fig. 4. The Experience Valuation Pattern

Risk Experience. According to Sales et al. [32] risk experiences focus on
unwanted events that have the potential of causing losses and are composed
by events of two types, namely threat and loss events. A threat event is the
one with the potential of causing a loss. As described in [32], it might be the
manifestation of a vulnerability or a threatening capability. The second manda-
tory component of a risk experience is a loss event, which necessarily impact
intentions in a negative way.

In [32] the authors map risk experience as a Grouping stereotyped as a
«RiskExperience», which aggregates the elements and the relations in the expe-
rience. They associate the «RiskExperience» Grouping with risks, which are
mapped as «Risk» Drivers, as drivers represent “conditions that motivate an
organization to define its goals and implement the changes necessary to achieve
them” [39]. For the sake of simplicity, we represent here a simplified version of
the Risk Experience pattern (Fig. 5), containing only the experience elements
and relations that are relevant to our proposal.

Fig. 5. The Risk Experience Pattern

4 Modeling the Emergence of Value and Risk from
Outcomes in the Unified Foundational Ontology (UFO)

In this section, we use the aforementioned theories to present a preliminary model
of the emergence of value and risk from games outcomes. Our analysis relies on
the concepts of value and risk defined in COVER, the Common Ontology of
ValuE and Risk [33].

Note that, as argued in [34], value can be ascribed to past, actual or envi-
sioned experiences. Risk, however, is only ascribed to envisioned experiences that
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Fig. 6. Modeling the emergence of Value Risk from Outcomes in OntoUML

Fig. 7. Value and Risk Events

may (but are not certain to) happen [33]. Also agents’ actions (or strategies) in
a game may be about envisioned events (which may never occur). For instance,
if a depositor decides to withdraw her money instead of retaining it in the bank,
then the action of retaining the money will not happen. This means that we
need to refer to future or envisioned events – whose expected temporal proper-
ties are not completely fixed – in our domain of discourse. Therefore, we shall
talk of expected events as regular entities of our domain, not differently from,
say, a planned air trip in a flight reservation system. In order to use this non-
classical notion of events in our analysis while maintaining its ontological rigour,
we employ the formulation of events as proposed in [10], which was already
successfully employed in [33] and [34].1

Our model is specified in OntoUML [12] and thus, compliant with the meta
-ontological commitments of the Unified Foundational Ontology (UFO) [12]. In

1 A different strategy that avoids introducing future or possible events is to rephrase
the model using types of actions and events, cf. [29].



Modeling the Emergence of Value and Risk in Game Theoretical Approaches 83

the diagram depicted in Figs. 6 and 7, we represent events in yellow, relators
in green, objects in pink, qualities and modes in blue, situations in orange and
datatypes in white.

We use the notion of agent defined in UFO-C to model a participant of a
game as an Agent that plays the role of Game Player in a Game (Fig. 6).
In UFO-C, agents are individuals that can perform actions, perceive events and
bear mental aspects. A relevant type of mental aspect for our proposal is the
intention. Intentions are desired state of affairs for which the agent commits
to pursuing (e.g., the intention of going to a beach resort for the next summer
break) [3]. For this reason, intentions cause the agent to perform actions. In the
ontology, Intentions are represented as modes that inhere in Agents.

The Actions performed by Game Players are modeled as intentional
events, in the sense that they have the specific purpose of satisfying some Inten-
tion. As events, actions can be atomic or complex. A complex action is composed
of several actions. Action Profiles are complex events composed of Actions

performed by the players in a Game.
In the ontology, the Action Profile is modeled as a type of Value Event

[33] (as defined in COVER [33]) and can be classified into Impact and Trigger

Event (Fig. 7). The former is the one that directly impact an Intention of
reaching a goal. By contrast, a Trigger Event is simply the one that causes
an Impact Event. Within the category of Impact Events we can further
distinguish into Gain Event and Loss Event. The difference between them
rely on the nature of the impact caused on goals (positive for Gain Events and
negative for Loss Events).

A Game involves a set of Outcomes. Outcomes are modeled as a type
of Value Experience [33] (as defined in COVER [33]) and thus are composed
of Value Events. Among the Value Events that compose an Outcome there is
exactly one Action Profile. Figure 7 presents a fragment of COVER depicting
the different types of Value Events that can compose a Value Experience.

Outcomes have impact on Game Players’ Intentions, which may affect
her goals either positively or negatively. We analyze the emergence of risks from
Outcomes, based on COVER [33]. An Action Profile is a complex event that
brings about a Resulting Situation (Fig. 7). The Resulting Situation may
satisfy the Game Player’s goals (and in this case it is considered a Successful

Situation) or, in the worst case, it may not have the desired result and the
Game Player will not be able to achieve her goal. In this case, the Resulting

Situation stands for a Threatening Situation that may trigger a Threat

Event, which may cause a loss. The Loss Event is a Risk Event that impacts
intentions in a negative way, as it hurts the Game Player’s Intentions of
reaching a specific goal.

As we have previously discussed, value emerges from achieving goals. Thus,
the more an event contributes to the achievement of a goal, the more valuable it
is. Outcomes that positively impact Game Players’ Intentions can create
value. However, whether or not value is produced in the realization of an Out-

come is, in fact, a subjective notion, which depends on how the Game Players
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assess their participation, i.e., whether they ascribe to the experience a positive
assessment [33,34].

The entity Utility Value Ascription represents this assessment. The
Utility Value Ascription is an example of a mode that inheres in the Agent

and is externally dependent on the Outcome. As aforementioned, a mode is an
existentially dependent entity that, as such, can only exist by inhering in some
other individual. In particular, the Utility Value Ascription is a relationally
dependent mode (or an externally dependent mode), i.e., a mode that inheres
in an individual but which is also externally dependent on a different individ-
ual. The Utility Value Ascription mode takes a value in at least one (but
possibly several) Utility Value Magnitude Spaces, via the quality Utility

Value. These spaces have, in OntoUML, the semantics of abstract conceptual
spaces, delimiting the possible values an intrinsic property can be projected into,
cf. [12].

Finally, the Utility is composed of the Utility Value Ascriptions of
the possible Outcomes, under the perspective of a particular Game Player.
In the model, Utility is represented as a complex externally dependent mode
that inheres in the Game Player and is composed of the mereological sum of
Utility Value Ascription modes2.

5 Use Case Illustration: Bank Run

In this section, we instantiate our model with two outcomes of the Bank Run
example, described in Sect. 2.2, which are Nash Equilibria.

Firstly, in Fig. 8, we illustrate the instantiation of the Outcome in which
both Depositor A and Depositor B retain the invested amount until the
project matures. In this case both Game Players have the Intention of
‘making profit from the investment’. The Action Profile is composed of the
Action of Depositor A, who decides to retain her money and the Action of
Depositor B, who also decides to retain her deposit. Note that this is a case of
Nash Equilibrium as once Depositor A has retained her deposit, Depositor

B can do no better than retaining her deposit too. This Action Profile brings
about a situation in which ‘the bank does not need cash before the project com-
pletion’, which stands for a Successful Situation. Consequently, the bank
sells the project to another bank at price of 2400 euros, which is considered a
Trigger Event that triggers two Gain Events, namely ‘Bank pays out more
than the amount invested by Depositor A’ and ‘Bank pays out more than the
amount invested by Depositor B’. These two Gain Events positively impact
the Intentions of Depositors A and B of ‘making profit from their invest-
ments’, as they will receive 1200 euros, which is more than the invested value
(1000 euros).

Secondly, in Fig. 9, we illustrate the instantiation of the Outcome in which
both Depositor A and Depositor B withdraw the invested amount before

2 This is compatible with the modeling of preferences according to UFO in [28].
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Fig. 8. The emergence of Value from Outcomes

the project matures. Also in this case, both Game Players have the Intention
of ‘making profit from the investment’. The Action Profile is composed of the
Action of Depositor A, who decides to withdraw her money and the Action

of Depositor B, who also decides to withdraw her deposit. Note that here
we also have a case of Nash Equilibrium. Although this outcome is not the one
with the best payoff for both players, it can be seen as “a steady state, in which
each player holds the correct expectation about the other players’ behavior and
acts rationally” [25]: if Depositor A believes that Depositor B will withdraw
before the project matures, then her best response is to withdraw as well.

In the sequel, this Action Profile brings about a situation in which ‘the
bank needs cash to repay the deposits before the project completion’ that can be
considered a Threatening Situation. This situation may trigger a Threat

Event if, for example, ‘the bank is forced to liquidate its investments before the
project matures, and recovers only 1600 euros’. This Threat Event causes two
Loss Events, which are ‘the bank paying out less than the amount invested by
Depositor A and Depositor B, respectively’. These Loss Events, in turn, hurt
the Depositors’ Intentions of ‘making profit from their investments’.

We focused on the Nash Equilibria of the game; clearly our approach can be
used also for modelling non-equilibrium states. It is interesting to notice that our
models illustrate why in a Nash equilibrium players have no incentives to deviate
from the current course of action. The chosen action (e.g. “retain” for both players
A and B in Fig. 8) is the action that positively impacts the intention of each
player more than any other action, given the other players’ move (by definition).
Thus, assuming that rational players are pursuing actions that better impact
their intentions, players have indeed no reason to deviate from that choice in that
context. By contrast, in a non-Nash Equilibrium outcome, players would have
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Fig. 9. The emergence of Risk from Outcomes

actions at their disposal that promote their intentions better, thus providing an
incentive to deviate to the action that better impact their intention. Therefore,
the ontological analysis provides a rich semantic understanding of equilibrium
outcomes, associating the stability of the outcome with the satisfaction of the
intentions of the players.

6 Modeling Game Outcomes in Enterprise Architecture:
The Bank Run Example in Archimate

In order to provide enterprise architects with a common ground to apply game
theory notions in coherent enterprise architecture descriptions, we apply the
results of the analysis conducted in the previous section to represent the emer-
gence of value and risk from game outcomes in Enterprise Architecture.

In particular, we employ the Archimate modeling patterns based on COVER
and presented in Sect. 3.3. We use these patterns to represent the emergence of
value and risk from outcomes in the context of the Bank Run example (Sect. 2.2),
under the perspective of Depositor A.

To illustrate the emergence of value, we represent the situation in which
both Depositor A and Depositor B retain their deposits until the project
matures. We start with the application of the Value Experience pattern. The
value subject identifies the perspective from which the judgment is made and
whose goals are considered, which in this case corresponds to Depositor A. We
represent Depositor A’s goal of “Making profit from investment” as the goal
the experience realizes. The experience corresponds to the Outcome and is
composed of the Action Profile retain-retain (a complex event composed
of the actions Depositor A retains and Depositor B retains) that triggers
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the event “Bank sells the project to another bank after it matures”, which in
turn triggers the gain event “Bank pays out more than the amount invested”.
This gain event positively impacts Depositor A’s goal of “Making profit from
investment”.

In order to represent how Depositor A ascribes value to the experience,
we apply the Experience Valuation pattern. We connect a Valuation Assess-

ment to the value experience named “Outcome Make profit by retaining deposit”
(which corresponds to the Outcome) and to Depositor A, who plays the roles
of value assessor and value subject simultaneously. The value ascribed corre-
sponds to Depositor A’s Utility Value for this Outcome. Figure 10 depicts
the application of the patterns just described.

Fig. 10. Application of the Value Experience and Experience Valuation Patterns

Fig. 11. Application of the Risk Experience Pattern

We illustrate the emergence of risk, by representing the situation in which
both Depositor A and Depositor B withdraw their deposits before the
project matures.

Using the Risk Experience pattern we represent, in Fig. 11, the emergence
of the risk of “Money loss”, under the perspective of Depositor A, who is
the risk subject. The risk experience of “Outcome Money loss due to deposit
withdraw” represents the Outcome and is composed of the Action Profile

withdraw-withdraw (a complex event composed of the actions Depositor

A withdraws and Depositor B withdraws) that brings about a situation
in which the “Bank needs cash to repay the deposits”. As a result, the “Bank
is forced to liquidate investments before project matures”, which stands for a
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threat event that triggers the loss event “Bank pays out less than the amount
invested by Depositor A”. This loss event hurts Depositor A’s goal of “Making
profit from investment”.

7 Final Remarks

We presented an ontological analysis characterizing some basic concepts in game
theory, which make clear the emergence of value and risks from game outcomes.
We formalized it in OntoUML, aiming at providing an accessible and shareable
conceptual model, which may be applied across domains to foster the interoper-
ability and the mutual understanding among modelers.

The model proposed here illustrates a process of conceptual clarification that
allows for unpacking the relevant domain notions that are frequently hidden in
mathematical formulations of domain phenomena. Moreover, it allows for the
ontological grounding of the variables constituting these mathematical formula-
tions. These are in line with the requirements for conceptual models as discussed
in [11]. In that paper, the authors discuss why a mathematical model (e.g., New-
ton’s Second Law) is not a conceptual model. They argue that in a formula such
as F = M * A “the modeling constructs are operators and variables. The latter do
not denote concepts, but rather actual values of physical quantities. Of course we
need a mental model to make sense of such relationship, but such mental model
is just presupposed, and not made explicit. In contrast, a conceptual model of the
phenomenon described by Newton’s second law would not represent the values of
such physical quantities without representing the physical quantities themselves,
which would be considered as qualities...But just having qualities in the concep-
tual model would not be enough: we cannot have a free-floating quality (say, a
mass) without representing its bearer, which is a physical object...This is what
we call the grounding requirement”.

The relation between risk management and game theory has been broadly
studied and different approaches have been proposed in the literature to explain
how game theory approaches can be integrated into classical risk management
[4,8,30,31]. Differently from other approaches, our proposal explores the deep
connections between the concepts of value and risk to analyse the impact (either
positive or negative) of game outcomes on player’s welfare.

As future work, we plan to validate our ontology by means of systematic com-
parisons with other theories and formalizations of risk and value in the context
of game theoretical approaches. We also plan to introduce a mechanism to help
rational agents weight value and risks against each other to find an equilibrium
when deciding whether to engage in a certain strategy.

Acknowledgments. CAPES (PhD grant 88881.173022/2018-01) and NeXON project
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Abstract. The heterogeneity in enterprise design stakeholders and models gen-
erally demands for consistent and efficient transformations of enterprise design
knowledge between different conceptual modelling languages. A systematic pro-
cess andprecisemodel transformation specifications are a prerequisite for realizing
such transformations. The Design and Engineering Methodology for Organiza-
tions (DEMO) approach represents the organization design of an enterprise in
four linguistically based, semantically sound aspect models. The Business Pro-
cess Model and Notation (BPMN) on the other hand enables more flexibility in
creating models and benefits fromwide adoption in industry, the execution of pro-
cesses e.g., by simulations, and the availability of proper tooling. A transformation
of DEMOmodels into BPMNmodels is thus desirable to avail of both, the seman-
tic sound foundation of DEMO and the wide adoption and execution possibilities
of BPMN. Previous research already developed some principles and practices for
transforming DEMO models into BPMN models, based on DEMOSL 3.7. This
study focuses on the latest DEMO language specification, DEMOSL 4.5, since we
believe that more clarity is required to specify consistent, well-motivated trans-
formation specifications. We present a list of main requirements for developing
transformation specifications to transform concepts represented in a Coordination
Structure Diagram and Process Structure Diagram of DEMO into corresponding
concepts in a BPMN collaboration diagram. The article makes three contribu-
tions: (1) Generic requirements for developing DEMO-to-BPMN transformation
specifications; (2) Nine transformation scenarios that are validated by multiple
demonstration cases; and (3) A comprehensive college case that demonstrates all
transformation scenarios.

Keywords: DEMO · BPMN ·Model transformation · Organization design

1 Introduction

We live in an era where enterprises increasingly depend on digital technologies to
enhance the speed of product development/service provision as well as communica-
tion with customers and collaboration within ecosystems. Within this context, agile
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(re-)engineering of an enterprise, involving heterogeneous stakeholders, there is a need
to represent an enterprise using different modelling languages. The problem is that these
representations (i.e., conceptual models) are often based on different meta-models that
need to be kept consistent [1]. Horizontal consistency refers to consistency between
models at the same development phase, such as the analysis phase, whereas vertical
consistency refers to consistency between models across different phases [2]. A recent
systematic literature review (SLR) highlighted that the majority of studies focus on ver-
tical integration and raised the need to also develop approaches that address horizontal
consistency amongst models [3]. Another SLR [4] on existing tools that support hori-
zontal transformations, indicate that only 7 out of 40 prominent modelling approaches
support multi-view artefact creation, whereas only 6 of these 7, provide semi-automated
support with for instance “wizards in the modelling environment”.

Enterprises are organized complexities, i.e., too organized for applying statistics
to understand their behavior and too complex to being studied by analytical methods
[5]. Different stakeholders use different cognitive perspectives to understand and rep-
resent the enterprise [6]. Some stakeholders prefer structural thinking (demonstrated in
DEMO’s Coordination Structure Diagram (CSD) [5]), whereas others prefer flow think-
ing (demonstrated in BPMN [7]). Table 1 compares DEMO models to BPMN models
in terms of their focus, strengths and weaknesses.

Table 1. Comparing focus, strenghs and weaknesses of DEMO versus BPMN

DEMO focus BPMN focus

Often used top-down to represent the ideal design of a new enterprise
[8]

Often used for bottom-up analysis of implemented processes as a
starting point for re-design [7]

Represent no implementation [5] Represent implementation [7]

Used to reduce complexity, extracting the essence of enterprise
operation [5]

Used to elucidate complexity, since the models represent
implementation

DEMO strengths BPMN weaknesses

Comprehensive representation of human collaboration during
enterprise operation, since collaboration is based on the PSI theory,
i.e., acknowledging a complete transaction pattern that exists between
two actor roles [5]

The style and practice associated with BPMN modelling do not
acknowledge the existence of the PSI theory [9] and hence models
may be incomplete in representing the complete transaction pattern

Provides a means for clear scoping, since CSDs use composite
transactors to indicate where further elaboration of the model is
needed [5]

Scope of a BPMN diagram is unclear, unless specified in a narrative
that is associated with the diagram [7]

DEMO weaknesses BPMN strengths

Although management appreciates the compact representation of
enterprise operations, shown in the CSD, experienced modelers are
needed. Additional methods are required to facilitate collaborative
developments with relevant stakeholders [10]

Due to their descriptive and expressive abilities, BPMN models are
widely adopted [11]

Based on their different foci, strengths and weaknesses we believe that enterprises
will benefit by using both modelling languages, but also ensure horizontal consistency
between the DEMO and BPMN models. DEMO models focus on intellectual man-
ageability and reduction of complexity, representing business processes in a compact
manner by focusing on a company’s operations [5]. BPMN, on the other hand, allows for
detailed descriptions of business processes, adding implementation logic that facilitates
process execution [7]. The ontological model of the enterprise, as provided by DEMO, is
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needed, since it exhibits four qualities: comprehensiveness, coherency, consistency and
conciseness [5]. Yet, conceptual models that encounter for technological issues are also
needed, since they allow for processing, such as simulation and workflow execution, as
demonstrated by BPMN-based industrial tools. Due to their descriptive and expressive
abilities, BPMN models are widely adopted [11]. Although BPMN models allow for
flexibility to express knowledge about a process, modelers who are not properly guided
are likely to produce ambiguous, inconsistent and incomplete models [12].

Researchers have already identified the need for transforming DEMO models into
other models for various reasons, e.g.,: (1) transforming concepts from DEMO to con-
cepts contained within the ArchiMate business layer meta-model for the purpose of
modelling the essential aspects of an enterprise first in DEMO, followed by a transfor-
mation into technological realization and implementation models [12]; (2) transforming
the DEMO process models into Petri net models to facilitate simulation [12, 13]; (3)
transforming DEMO action models into BPMN models [14, 15]; and (4) transforming
DEMO organization construction diagrams into BPMN collaboration diagrams to semi-
automate DEMO-to-BPMN transformations [16]. As indicated in Fig. 1, the ADOxx-
based tool, called DMT [17] (downloadable from: https://austria.omilab.org/psm/con
tent/demo) already facilitates transformation from an existing organization structure
diagram (OCD) to a BPMN collaboration diagram. When a modeler selects a transac-
tion kind (in this example T01) for transformation, the transformation script identifies
the student as the initiating actor role and the supervisor allocator as the executing actor
role. The transformed BPMN diagram, thus includes a student pool and a supervisor
allocator pool.

Fig. 1. DEMO-to-BPMN transformation, adapted from [16]

The transformation specifications that were used to generate the BPMN diagram
shown in Fig. 1, were based on the standard transaction pattern, ensuring that the model
explicitly incorporates coordination acts/facts that form part of the standard pattern, i.e.
including: request, promise, decline, state, accept, and reject acts/facts. Without proper

https://austria.omilab.org/psm/content/demo
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guidance in terms of the standard pattern, BPMN models tend to be incomplete [18].
As an example, an unguided modeler may omit some of the acts (that form part of the
standard pattern) when designing enterprise operations, e.g. omitting the promise and
decline acts. An essential part of coordination will not be supported when the model
is further refined for implementation. With no explicit promise or decline built into
the design of the process, an instance of this process implies that a student, requesting
supervisor allocation, receives no feedback in terms of the status. Was the request valid?
Was the request declined?

This paper extends the DEMOmodel transformation research streamwith the objec-
tive of using a DEMOCoordination Structure Diagram (CSD), validated with a Transac-
tor Product Table (TPT), and the transaction-interaction logic between transaction kinds,
represented on the Process Structure Diagram (PSD) to derive consistent BPMN collab-
oration diagrams. Using Design Science Research (DSR), we indicate in Sect. 3, that a
set of requirements need to be identified prior to the development of valid transforma-
tion specifications. Previous work already demonstrated the possibility of using a tool to
transform some DEMOSL 3.7 concepts to BPMN 2.0 concepts [19]. The previous trans-
formations were based on incomplete transformation specifications, including only four
transformation scenarios. The objective of this article is thus to elicitmain requirements
for a comprehensive model transformation specification, and, consequently, to define a
comprehensive set of nine DEMO to BPMN transformation scenarios. We present these
transformation scenarios and validate them in multiple demonstration cases.

The article is structured as follows. In Sect. 2, we provide background on the DEMO
aspect models, motivating the need to develop a comprehensive set of TK-BPMN trans-
formation scenarios. Section 3 presents Design Science Research (DSR) as an appropri-
ate research method, suggesting that a comprehensive demonstration case is developed
(presented in Sect. 4) as well as main requirements for transformation (presented in
Sect. 5). We present our main contribution, nine transformation scenarios and their
validation in Sect. 6, concluding with suggestions for future research in Sect. 7.

2 Background Theory

Modelling an enterprise, is not a trivial task. The emerging discipline of enterprise engi-
neering (EE), acknowledges the existence of several enterprise design domains [20]. De
Vries [21] suggests that four main enterprise design domains exist: (1) Organization;
(2) ICT; (3) Infrastructure (including facilities); and (4) Human skills & know-how. The
organization design domain is a social system that includes human beings as system
elements. The human beings form relationships due to their interactions and commu-
nications when they perform production acts [5]. In this article we focus primarily on
the organization design domain and its representation using DEMO aspect models and
BPMN models.

In representing the organization design domain, the ontological model of an enter-
prise is based on the performance in social interaction (PSI) theory that provides a
universal building block of enterprise organization [5]. The PSI theory identified trans-
action patterns, each involving two actor roles, a production act (and fact), and multiple
coordination acts (and facts) that are performed in a particular sequence. In terms of
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the identified pattern, Dietz and Mulder [5] indicated that a complete transaction pattern
exists to represent the possible coordination acts (and facts) that describe interactions
between two actor roles for a particular transaction. Most of the transactions follow the
basic transaction pattern (i.e., the happy flow), where two actor roles (i.e., initiator and
executor) are in consent to each other’s intentions when following four coordination
acts in sequence, namely request, promise, declare, and accept. Yet, when the actor roles
do not comply with each other’s intentions, they follow a standard transaction pattern,
which allows for a decline act (instead of a promise act) and a reject act (instead of an
accept act). It is possible that actor roles need to revoke some of the coordination acts
that were already performed. Once a request act was performed, the initiator may have
second thoughts, requesting to revoke the initial request act. Likewise, the promise act,
declare act and accept act may be revoked. The complete transaction pattern extends the
standard pattern with four revocation patterns [5].

Even though every transaction follows a path through a complete transaction pattern,
transactions differ in the kind of product they produce.A transaction is thus an instance of
a transaction kind (TK) executed by an actor role (AR), to produce a product kind (PK).
The three concepts represent two different facets of the organization domain. Whereas
TKs and ARs represent the coordination world, the PKs represent the production world.

Since our main objective is to transform DEMO concepts into BPMN concepts
we need to relate the conceptual schema and its corresponding symbolic formalism of
DEMO to that of BPMN. The conceptual schema of DEMO indicates that any enter-
prise can be represented by four aspect models that include a Process Model (PM),
Action Model (AM), Cooperation Model (CM), and Fact Model (FM). Each model is
represented by different diagram types and tables.

Since a BPMN collaboration diagram (CD) focuses on coordinating activities per-
formed by actors or departments [7], it should be possible to relate the concepts included
in the CD to concepts and logic included in aspect models that focus on coordination.
As illustrated in Fig. 2 (left-hand side), the CM, PM and AM focus on coordination.
According to [5], the AM is the most detailed model of the four aspect models. If
the main objective is to perform a comprehensive transformation of coordination logic
from DEMO to BPMN, we need to use the AM to generate a BPMN CD. Yet, from
a management perspective the CM is more useful, since it provides bird’s-eye view of
coordination structures [5, 22]. Thus, from a pragmatic viewpoint, we want to extract
coordination logic from appropriate aspect models that are already used in industry. We
envision a tool that would enable semi-automatic transformation from transaction kinds
that feature on a validated CM to a BPMN CD. Starting with the well-validated CM,
and a means to indicate how events in one TK restrict transaction progress for other
TKs (usually depicted on the PM), a modeler should select a single TK that needs to
be transformed into a corresponding BPMN CD. The diagrams/tables that represent the
CM and PM are therefore the most relevant for the envisioned transformations. In this
article we demonstrate howwe intend to transform knowledge from the CM, represented
by the Coordination Structure Diagram (CSD) and the Transactor Product Table (TPT),
as well as the PM, represented by the Process Structure Diagram (PSD).

We exclude the action model (AM) from our transformation scope, conceding that
the transformed BPMNCD’s will exclude detailed action rules that guide the actor roles.
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Fig. 2. Aspect models from [5]

Again, from a pragmatic viewpoint, the detail of the AM may simply not be available.
Yet, in Sect. 7 we also suggest that our transformation specifications need to allow for
extensions points to incorporate detailed action rules. We also exclude the fact model
(FM) from our transformation, since it represents the state space and the transition space
of an organization’s production world [5]. Instead, this article focuses primarily on the
transformation space of the coordination world.

Unlike most common modelling languages, DEMO comes with a built-in quality of
completeness with respect to the applied patterns. DEMO thereby guides the modeler
toward the creation of complete models that cover all coordination acts and facts. Even
though DEMO comes with a Process Model (discussed in Sect. 4.1), the DEMO Process
Model is not as widely used as the Cooperation Model [22]. In our approach, we aim
at amplifying the respective and complementary strengths of both modelling languages,
DEMO and BPMN, i.e., the completeness and sound foundation of DEMOmodels with
the wide-adoption and execution possibilities of BPMN process models.

3 Research Method

This study applies the five phases of the Design Science Research Methodology [23] as
follows:

Problem: Although BPMN is a well-adopted modelling standard applied by industry to
model business processes, additional guidance is required to create consistent and exe-
cutable BPMNmodels [24]. Mraz et al. [25] and Rodrigues [15] have already developed
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some principles and practices for transformingOCD constructs (based onDEMOSL 3.0)
and the underlying transaction patterns for transaction kinds into BPMNmodels. Others
[19] already demonstrated the possibility of using a tool to transform some DEMOSL
3.7 concepts to BPMN 2.0 concepts, but a sub-set of invalid transformations are gener-
ated when using the tool, since the transformation specifications were based on a set of
incomplete transformation scenarios.

Solution Objectives: We believe that more clarity is required to specify consistent,
well-motivated transformation specifications, based on DEMOSL 4.5. First, we need a
demonstration case that is comprehensive enough in terms of the concepts that form part
of theCSDandPSD, as defined inDEMOSL4.5. Then, a set ofmain requirements should
be elicited, prior to the development of detailedTK-BPMNtransformation specifications.
In addition, a comprehensive set of transformation scenarios should be developed, based
on a comprehensive case.

Development: The solution objectives are addressed by presenting a comprehensive
demonstration case (in Sect. 4), a list of main TK-BPMN transformation requirements
(in Sect. 5) and nine transformation scenarios (in Sect. 6.1).

Demonstration: We validate the comprehensiveness of the nine transformation scenar-
ios by applying the scenarios to multiple cases (in Sect. 6.2).

4 College Demonstration Case

In order to explain the DEMO language, we start with the instance level, i.e., a model
of a fictitious enterprise where the scope-of-interest is some operations at a college. We
introduce two of DEMO’s four aspect models (PM and CM) and the symbolic formalism
that is used to express the essence of some operations at a college. Our objective is to
highlight concepts that will be used to distinguish between nine transformation scenarios
that are presented later in Sect. 6.1.

4.1 The Process Model

The Process Model is the ontological model of the state space and the transition space
of its coordination world and is depicted by two diagrams: (1) the Transaction Pattern
Diagram (TPD), based on the complete transaction pattern, and (2) the Process Structure
Diagram (PSD) [5]. The same pattern may apply to different kinds of transactions. Each
transaction is thus an instance of a particular transaction kind (TK), and the transaction
produces a product that is an instance of a product kind (PK). As an example from
Fig. 3, the TK 06 (named internal project sponsoring) may produce PK06 of which the
name is indicated in Table 2 (i.e. the internal sponsorship of [project] is done). The PK
incorporates variables (indicated in square brackets) as placeholders for entities. Thus,
for PK06, [project] is a placeholder that is used to differentiate between projects that are
created from different instances of TK06.
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Fig. 3. The PSD indicates parent-part structures

Whenwe consider an enterprise, e.g., our fictitious college that offers a project-based
course to students, the enterprisemay be responsible for various different TKs associated
with this project-based course offering. For each of the TKs, it is possible to identify
the initiator and executor that are coordinating their actions to realize a particular PK
for the particular TK. Yet, the TKs are not detached from one another. The process
structure diagram (PSD) is useful to delineate transitions in the coordination world,
e.g., indicating how TK06 (e.g., internal project sponsoring is declared) has a response
(indicated with a response link) on the transition of TK07 (i.e., zero-to-many instances
of project involvement is requested). Also, the accept act of T06 (i.e., of internal project
sponsoring) has to wait (indicated with a wait link) for the occurrence of zero-to-many
accept facts from T07 (i.e. from project involvement).

Figure 3 indicates that a hierarchy exists between TKs, implying that TK07 (i.e.
project involvement) is a part of the parent TK06 (i.e. internal project sponsoring). The
PSD only includes those coordination acts/facts from the interacting TKs that control
progress of the two TKs. Thus, the promise act/fact of TK06 (in Fig. 3) is not shown,
since the promise act/fact does not have a transitional effect on TK07.

4.2 Problems Identified in Previous TK-Based Transformations to BPMN

Having discussed the purpose of a PSD, we highlight four problems with previous TK-
BPMN transformations and the scenarios that were used in [19]. We have also adapted
our demonstration (already reflected in Fig. 3) to explicate these problems.

The first problem reflects that the transformation specifications failed to represent
the relevant parts of the transaction pattern when the initiating fact from the parent TK
changes. With reference to Fig. 3, when a modeler selected TK07 for transformation, the
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BPMN CD recognized that TK07 is a part of TK06 and that the TK07-process should
start with the fact TK06/declared. In accordance with Fig. 3, the transformed BPMN
diagram did not have to include the TK06/execute act, since TK06 is executed before
TK06 is declared. Yet, if the PSD changed, indicating that TK06/requested is a prerequi-
site for TK07/request and TK06/requested precedes the TK06/executed diamond, then
TK06/execute should be reflected in the transformed BPMN diagram.

The second problem reflects that the specifications did not address multiple response
links and causal links between parent-part structures that are usually represented by the
PSD.Therefore,whenwe applied theTK-BPMN transformations to theRent-A-Car case
(of [26]), where three interactions exist between rental concluding and rental payment,
the transformation failed. DEMOSL 4.5 [27] still allows for more than two interactions.
Hence, for our demonstration case PSD, we have included multiple interactions between
TK02 and TK08, as indicated in Fig. 3.

The third problem reflects that for parent-part interaction, the initial demonstration
case in [19] only incorporated coordination facts from the basic pattern and not the
standard pattern. Therefore, when we applied the TK-BPMN transformations to the
Rent-A-Car case (of [26]), where a reject fact of car returning (from the standard
pattern) initiates penalty payment, the transformation could not be executed, since the
modeler could not select a reject fact from the list of interaction acts/facts. Our PSD (see
Fig. 3) now includes a decline fact (from the standard pattern) for TK03.

The fourth problem reflects that for parent-part interaction, the initial demonstration
case in [19] did not include interaction (interimpediment structures) between TKs, since
interimpediment structures were only included in amore recent DEMO specification [5].

4.3 The Cooperation Model

The cooperation model (CM) provides a concise representation of enterprise operations
and consists of three representations: (1) a Coordination Structure Diagram (CSD),
(2) a Transactor Product Table (TPT), and (3) a Bank Contents Table (BCT). The TPT
indicates that every transaction kind (TK) produces a product kind (PK) via an execut-
ing actor role (AR). The BCT indicates that every TK produces/uses several indepen-
dent/dependent facts during the execution of the TK. The CSD also represents TKs, but
in a different format. Since every elementary TK can only be executed by one AR, the
TK and AR are consolidated into a transactor role (TAR). As an example, a TAR named
supervisor allocator implies that AR named supervisor allocator is the executor of the
TK named supervisor allocation.

We explain the constructs of the TPT and CSD using a fictitious college as a
demonstration case, presented in Table 2 and Fig. 4 respectively.

We now discuss the main constructs of DEMOSL 4.5 [27], as represented in Fig. 4,
using bold style to indicate the type of construct from DEMOSL 4.5 and italics when
referring to an instance of the construct.

Since it may not be possible to analyze all the operations at an enterprise, Dietz
and Mulder [5] suggest that a Scope of Interest (SoI) is explicitly stated. The SoI for
our college demonstration case, is some operations at a college, e.g., operations where
students register for a course and industry partners become sponsors of projects.
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Table 2. TPT for the SoI defined for the college

Transaction kind Product kind Executor role

TK01 supervisor allocation PK01 [supervisor allocation] is done AR01 supervisor allocator

TK02 project sponsoring PK02 the sponsorship of [project] is done AR02 project sponsor

TK03 ip clearance PK03 the ip-clearance for [project] is done AR03 ip clearer

TK04 module revision PK04 module revision for [year] is done AR04 module revisor

TK05 project control PK05 project control for [year] is done AR05 project controller

TK06 internal project sponsoring PK06 the internal sponsorship of [project] is done AR06 internal project sponsor

TK07 project involvement PK07 [project involvement] is done AR07 project involver

TK08 topic evaluation PK08 the topic evaluation of [project] is done AR08 topic evaluator

TK09 course registration PK09 [course registration] is done AR09 course registrar

TK10 course payment PK10 [course registration] is paid AR10 course payer

TK11 course admission PK11 [course admission] is done AR11 course admitter

TK12 bursary allocation PK12 [bursary allocation] is done AR12 bursary allocator

TK13 study-pack sale completion PK13 [study-pack sale] is completed AR13 study-pack sale completer

TK14 study-pack sale preparation PK14 [study-pack sale] is prepared AR13 study-pack sale preparer

TK15 study-pack sale payment PK15 [study-pack sale] is paid AR15 study-pack sale payer

TK16 study-pack sale selection PK16 [study-pack sale] is selected AR16 study-pack sale selector

TK17 study item buying PK17 [study item] is bought AR17 study item buyer

TK18 course design PK18 [course] is designed AR18 course designer

TK19 candidate evaluation PK19 [candidate evaluation] is done AR19 candidate evaluator

TK20 academic progress evaluation PK20 [academic progress evaluation] is done AR20 academic progress evaluator

TK21 diploma control PK21 diploma control for [offering period] is done AR21 diploma controller

TK22 diploma allocation PK22 the diploma allocation of [student course registration] is
done

AR22 diploma allocator

One of the key concepts of the CSD is the elementary transactor role that resem-
bles a white diamond-disc, combined with a quadrilateral. Three variations of an ele-
mentary transactor role exist: (1) elementary, (2) self-initiating elementary, and (3)
environmental elementary. For each elementary transactor role, the TPT (Table 2)
displays an associated transaction kind, product kind and executor role.

The TPT indicates that the transactor role supervisor allocator (TAR01) consists of
an executor role supervisor allocator (AR01) and transaction kind supervisor alloca-
tion (TK01) to produce a product kind [supervisor allocation] is done (PK01). Given
the SoI, Fig. 4 indicates that one environmental or external composite transactor
role exists, i.e., the grey-shaded thick-bordered construct, student (CTAR02). Multiple
transactor roles are linked via initiator links. As an example, supervisor allocator
(TAR01) is initiated (via an initiator link) by the environmental or external compos-
ite transactor role student (CTAR02). The default cardinality range for an initiation link
is one (1..1), as indicated by Dietz and Mulder [5]. It is also possible that a transactor
role may initiate multiple instances of a transaction kind. As an example, in Fig. 4 the
project controller (TAR05) initiates zero-to-many (0..*) instances of project sponsoring
(TK02).

TheSoI determineswhether a transactor role is represented aswhite or gray-shaded.
The white elementary transactor role supervisor allocator (TAR01) indicates that the
supervisor allocator is inside the SoI. Yet, the grey-shaded environmental or external
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elementary transactor role project sponsor (TAR02) indicates that the project sponsor
is outside the SoI. The self-activating transactor role module revisor (TAR04) indicates
that module revision is initiated and executed by the same transactor role, i.e., themodule
revisor (TAR04).

Since transactor roles need to use facts created and stored in transaction banks,
an access link is used to indicate access to facts. As an example, Fig. 4 indicates that
the transactor role named project controller (TAR05) has reading access via an access
link to coordination facts and production facts of transaction kind module revision
(TK04). It is also possible that transactor roles within the SoI need to use facts that are
created via transaction kinds that are outside the SoI. As an example, Fig. 4 indicates that
transactor roles within the SoI (with the SoI defined as some operations at a college)
need to use facts that are created outside the SoI by two external multiple original
transaction kinds, namelyMTK01 (with college facts) andMTK02 (with person facts).

Facts created as a result of one transaction kind may delay (impede) actions of
another transactor role. The impediment link is used to indicate this delaying behavior.
As an example, Fig. 4 includes an impediment link (a dotted arrow-line) indicating that
acts/facts produced via the transaction kind project sponsoring (TK02) impedes the
transactor role ip clearer (TAR03). The Process Model, discussed in Sect. 4.1 (Fig. 3)
could be used to explain the impediment further, i.e. indicating that an instance of project
sponsoring (TK02) has to reach thedeclare state before an instance if ip clearance (TK03)
can be requested.

DEMOSL 4.5 [27] allows to consolidate some elementary actor roles within a
composite actor role. As an example, Fig. 4 indicates that the course owner (CTAR01)
is represented as a composite actor role, since the course owner is within the defined
SoI, but may be performing multiple TKs that are not shown explicitly in the diagram.
Another construct that is new in DEMOSL 4.5 [27] is the multiple original transaction
kind, shown as a white double-disc-diamond shape, exemplified by MTK05, named
assessment facts. MTK05 indicates that multiple assessment facts are created as original
facts within the SoI.

5 Main Requirements for Transformation Specifications

Evaluating previous TK-BPMN transformations, based on DEMOSL 3.7 [19], we
abstracted key requirements to guide the TK-BPMN transformation specifications based
on DEMOSL 4.5. The transformation specifications should:

1. Ensure that appropriate concepts from BPMN are identified that are conceptually
closely related to the DEMO counterpart.

2. Render BPMN CDs to hide complexity related to the transaction pattern in a
consistent way.

3. Render BPMN CDs to ensure easy distinction between parent-part structures, as is
the case with the PSD.

4. Ensure that the transformed models enable efficient/smooth extension toward
execution on dedicated simulation platforms/tools.

5. Ensure that the BPMN CDs are comprehensible for a human being, i.e., it should be
possible to generate BPMN CDs with reduced clutter/noise.
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Fig. 4. The CSD for the college case
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6. Accommodate the standard pattern for the default TK-BPMN transformation. Since
interaction between parent-part structures may initiate a revocation pattern, all four
revocation patterns should be accommodated.

7. Allow for extension points to incorporate detailed action rules that are stipulated in
DEMO’s Action Model.

8. Be comprehensive by means of addressing all possible transformation scenarios
when an end-user selects a particular TK for transformation.

In terms of the eighth requirement, we have generated nine transformation scenarios
that we present and validate using the college demonstration case that was presented in
Sect. 4.

6 Transformation Scenarios

The nine transformation scenarios as our main contribution, are presented in Sect. 6.1
and validated in Sect. 6.2.

6.1 Proposition of Nine Scenarios

For each scenario, an end user selects a single TK that needs to be transformed into
BPMN CDs. We identified three key differentiators to distinguish between scenarios,
indicated as shaded headings in Table 3. A TK selected for TK-BPMN transformation:
(1) is initiated by an actor role that is not a self-initiating, (2) is self-initiating, and (3) has
part(s).

In accordance with Table 3, some distinctions are not required to differentiate
between scenarios due to the following reasons:

1. TK-BPMN transformations are sensitive for the type of initiator. Hence, we classify
the examples extracted from Fig. 4 according to CTAR (includes composite actor
role and environmental composite actor role), and TAR. The reason is that the CTAR
will be modelled as a black box. Yet, when a TK is initiated by a parent TAR, the
transformed BPMN should represent the detailed interactions between the parent-
part TKs.

2. Nested scenarios are possible during a TK-BPMN transformation, e.g., TK10
conforms to Scenario 2, but its part (i.e., TK12) conforms to Scenario 6.

The nine scenarios in Table 3 highlight another interesting fact, namely that TK12
is classified as an instance of Scenario 6, but the TK is initiated by different types
of initiators, CTAR-initiated, as well as TAR-initiated. The implication is that when
a modeler selects TK12 for transformation, both initiators should be modelled, but in
different ways. The CTAR will be modelled as a black box, whereas the TAR will be
modelled as a white box.

In Fig. 5 we highlight the nine scenarios that are demonstrated in the college case.
For simplicity, we have only indicated one or two examples per scenario on Fig. 5,
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Table 3. TK-to-BPMN transformation scenarios.

TK init. by 
1 vs * ARs 

TK is self-
init. 

TK has 
part(s)  

(0, 1 vs *) 

Example 
from Fig. 4 

CTAR-
initiated 

Example from 
Fig. 4 

TAR-initiated 

Scenario 1: TK is initiated by 1 AR AND has 0 parts
1 - 0 TK18 TK03, TK07, 

TK11, TK15, 
TK16, TK17, 

TK19, TK20, TK22 
Scenario 2: TK is initiated by 1 AR AND has 1 part

1 - 1 TK01, TK9 TK02, TK06, TK10 
Scenario 3: TK is initiated by 1 AR AND has * parts

1 - * TK13 TK14 
Scenario 4: TK is initiated by * ARs AND has 0 parts

* - T0 K08
Scenario 5: TK is initiated by * ARs AND has 1 part

*  1 TK12 (when TK20 
is removed) 

Scenario 6: TK is initiated by * ARs AND has * parts
* - * TK12 TK12 

Scenario 7: TK is self-initiating AND has 0 parts
x 0 TK04 

Scenario 8: TK is self-initiating AND has 1 part
x 1 TK21 

Scenario 9: TK is self-initiating AND has * parts
x * TK05 

differentiating between CTAR-initiated and TAR-initiated. Table 3 indicates that the
college case offers multiple examples for some of the scenarios.

Addressing the four problems discussed in Sect. 4.2, the new transformation
specifications should:

1. Determine, based on the modeler’s selection of parent-part interactions, the valid
acts and facts that need to be included in the BPMN CD, allowing for different
initiation scenarios for the parent TK.

2. Provide for multiple response links and wait links between parent-part structures,
incorporating the sequence of acts and facts as indicated in the complete transaction
pattern.

3. Provide interimpediment relationships that exist between TKs, even if the TKs do
not form part of parent-part structures.

6.2 Scenario Validation

We have already created a fictitious college case to demonstrate the comprehensive set of
nine transformation scenarios (seeFig. 4) and the sub-scenarioswithin themain scenarios
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Fig. 5. Nine scenarios identified in the college case
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(demonstrated in Fig. 3). For further validation, we used the five cases presented in [5]
to validate the nine main transformation scenarios, as indicated in Table 4.

Table 4. Validating the nine scenarios using cases from [5].

Sc
en
ar

io
 TK 

init. 
by 1 
vs * 
ARs 

TK 
is 

self
-

init. 

TK has 
part(s) 

(0, 1  
vs *) 

Case 
Pizz-
eria 

Case 
RAC 

Case 
Lib-
rary 

Case 
Poli-
Gon 

Case GloLog 

1 1 - 0 TK02
, 

TK03
, 

TK04 

TK04, 
TK02, 
TK03, 
TK04 

- TK02
, 

TK03
, 

TK04 

TK10, TK03, 
TK17, TK07, 
TK04, TK05, 
TK06, TK16, 
TK08, TK09 

2 1 - 1 - - TK01
, 

TK03 

TK01 TK01 

3 1 - * TK01 TK01  - TK02, TK14, 
TK15 

4 * - 0 - - TK02
, 

TK04 

- - 

5 *  1 - - - - - 
6 * - * - - - - - 
7  x 0 - - - - - 
8  x 1 - TK07 TK05 - TK11, TK12, 

TK13 
9  x * - - - - - 

Our validation results in Table 4 indicate that the nine transformation scenarios are
comprehensive to address all five cases presented in [5]. In addition, we highlighted four
transformation scenarios that are currently under-represented by existing cases, namely
scenario’s 5, 6, 7 and 9. Since the fictitious college case addresses all nine scenarios,
as indicated in Table 3, we believe that the college case could also be used as a valid
case for developing the TK-BPMN transformation specifications that should be based
on DEMOSL 4.5.

7 Conclusion and Future Research

The DEMO approach represents the organization design of an enterprise in four lin-
guistically based, semantically sound aspect models. The Business Process Model and
Notation (BPMN) on the other hand enables more flexibility during modelling and ben-
efits from wide adoption in industry, the execution of processes and the availability of
proper tooling. A transformation of DEMO models into BPMN models is thus desir-
able to enable both, the semantic sound foundation of the DEMO models and the wide
adoption and execution possibilities of the de-facto industry standard BPMN.
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Using Design Science Research, this paper presented a list of main requirements for
developingmodel transformation specifications to transform concepts represented on the
coordination structure diagram (CSD), associated transactor product table (TPT) and the
process structure diagram (PSD) of DEMO to concepts of the BPMNCollaboration Dia-
grams (CDs). The main contribution of this article is the identification and presentation
of nine generic transformation scenarios that we validated by applying them to multiple
demonstration cases that already exist in literature. We thereby showed not only the
comprehensiveness of the transformation scenarios but also the underrepresentation of
four scenarios in current DEMO cases.

Since the fictitious college case addresses all nine scenarios, we believe that the
college case could be used as a valid case for developing detailed TK-BPMN transfor-
mation specifications that are also based on DEMOSL 4.5. With this paper we thus,
secondly, contribute a comprehensive DEMO case that the enterprise engineering com-
munity can further refine, validate, and use. We believe that the nine scenarios would
not only by useful for TK-BPMN transformations, but also for transformations from
DEMO coordination-related models to other coordination-related languages.

The eight requirements for TK-BPMN transformation specifications, combined with
the nine transformation scenarios, as well as three additional parent-part-interaction
requirements, will guide our future work.
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Abstract. Tabletops represent a convenient digital workspace that
serves the purpose of collaborative enterprise modeling well. The partic-
ipants of a modeling session must, however, share this workspace. In this
paper, we will present a study on personal space and territorial behavior
in collaborative modeling sessions of six different teams. We found that
areas on the tabletop can be identified that are predominantly occupied
by certain individuals. This, however, does not automatically imply the
existence of personal territories. In fact, we state that personal territories
were less represented than a general territory that seemed to belong to
the whole team. The absence of an etiquette, e.g., participants usually
did not ask for permission before taking away an item situated near a
team colleague, underlines this finding and supports our assumption that
the participants feel a collective ownership towards the model.

Keywords: Enterprise modeling · Collaborative modeling ·
Participatory modeling · Territorial behavior · Personal space ·
Psychological ownership · Tabletop · Empirical study

1 Introduction

Enterprise Modeling (EM) helps in capturing important information about a
company, such as structures, processes and responsibilities. It serves depict-
ing both a company’s current state and planned changes [1]. Originally, enter-
prise models were supposed to be created for companies by (external) modeling
experts based on interviews, documents etc. Approaches such as participatory
enterprise modeling suggest a creation process where a team of stakeholders
from the company is gathered who jointly and actively take part in modeling
sessions. The main reasons for directly involving the stakeholders in that way is
that model quality and acceptance of the models within the companies would
be increased [1–3].

Different tools may be used for collaboratively drawing enterprise models,
such as a plastic wall, a whiteboard or a tabletop. Tabletops, also known as
multi-touch tables, represent a digital tool where users can work in parallel on
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a shared workspace. In a previous study, tabletops were shown to be equally
suited as whiteboards for small enterprise modeling tasks [4,5].

Like other tools, the tabletop must be shared. However, space on the tabletop
is particularly limited. Consequently, it might be difficult to ensure that each
participant has the same chance of contributing to the overall result. Users might
establish personal territories where others must not enter. They might hesitate
to let go of items on the tabletop that they have created and convey them to
others to continue on working with these items [6–8].

In this paper, we will present a study where we observed six teams of three
persons taking part in a collaborative enterprise modeling session. For our inves-
tigation, we dealt with the following research questions: 1) Can we identify per-
sonal spaces predominantly used by particular individuals, and a group space
used by all team members as described in former studies? 2) Do participants
develop a feeling of ownership towards the model? 3) Are the ownership feel-
ings connected with an etiquette for the collaboration at the tabletop? The last
two questions will give more insight on whether a personal space can eventu-
ally be considered as personal territory indicated by feelings of ownership and
respecting/guarding objects within that space.

First, we will present the state of research and theoretical background con-
cerning collaborative and participatory enterprise modeling, territorial behavior,
personal space, and psychological ownership, especially with regard to tabletops.
In Sect. 3, we will describe our research method. Section 4 contains the results
of our study, followed by a discussion in Sect. 5.

2 State of Research and Theoretical Background

2.1 Collaborative and Participatory Enterprise Modeling

Enterprise Modeling can be implemented in different ways. One may, for exam-
ple, scan documents, observe working procedures and interview stakeholders to
collect information. This information may then be used by modeling experts to
draw the models [1].

Models may also be created in collaborative and participatory modeling ses-
sions. Collaborative modeling is usually considered to be carried out by method
experts alone. Its goal is to create complete models in a fast and accurate way
[9].

Participatory enterprise modeling (PEM) is an approach where several stake-
holder representatives are gathered to jointly create models. This makes it a
method that may also be used for knowledge acquisition [9]. In a participa-
tory modeling session, the stakeholders act as domain experts contributing their
knowledge and experience. They are usually supported by method experts who
help the domain experts with their knowledge about modeling [1,2]. With PEM,
one expects the quality of the models and the participants’ commitment to the
models to be higher because the whole process is characterized by discussion
and coming to a joint understanding [2,3]. By letting the stakeholders actively
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create the models themselves, a feeling of ownership may arise, leading to com-
mitment to the models and possibly planned future changes documented in the
models. This connection has already been stated in other application fields, e.g.
feelings of ownership and resulting commitment to organizations [10], or higher
commitment to products where the consumer was involved in the production
process [11].

In enterprise modeling, different interconnected models represent different
perspectives on a company. A goal model, which is part of the 4EM method [1],
particularly requires a joint view of the goals and problems of a company and
their interrelations. 4EM provides a notation that is very easy to understand and
use by domain experts, quickly enabling them to independently develop models.
So, goal modeling can, for example, be carried out in a collaborative way even
without the support of method experts from outside the company.

Besides non-digital tools such as a whiteboard or a plastic wall, one may use
a digital tool such as a tabletop. A tabletop is a large touch screen embedded
in or placed on top of a table [4]. In case the modeling software allows parallel
input, the participants should be able to collaboratively create models without
any restrictions [12].

According to [2], modeling sessions should include 4–8 participants, who
would be standing around the tabletop. In a participatory approach, the partici-
pants may come from different parts of the company and work at different levels
of the company’s hierarchy. During the modeling session, they have to share the
tabletop as a working space, and they have to share the space around the table.
Thus, it is important to consider personal space and the possible emergence of
territories during collaborative and participatory modeling sessions.

2.2 Personal Space and Territories

Hall (1966) described four major distances in human encounters [13]: 1) We allow
intimate distance only to persons who are close to us. The physical closeness can
be overwhelming (e.g. smell), sometimes even distort perceptions (e.g. vision).
2) Personal distance is characterized as a protective bubble between the person
and their surroundings. You can see the other one very clearly, but you keep a
safe distance, at least an arm’s length. 3) Social distance is more common in pro-
fessional interaction. The farther away a person is located, the less information
is conveyed, e.g. smell, heat, or intimate details of the face. 4) In a threatening
situation, at a public distance of 12 to 25 feet, one decides whether to flee or to
attack. At larger distances, the voice is usually used more loudly.

In collaborative and participatory modeling sessions, intruding others’ per-
sonal space is inevitable when jointly and physically using the same modeling
tool, such as a tabletop. People have to stand close to each other to have equal
access to the medium. Too much closeness may however induce stress [13]. In
that case, we try to evade the situation or at least to move as little as possible
[14]. According to Altman (1975), this effect may however be mitigated by fur-
niture such as a table situated between persons, or when people stand or sit side
by side. This is usually the case in collaborative modeling.
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There has also been research on personal space on tabletops [6,7,15]. Personal
space may be seen as a private workspace on the tabletop where individual work
is possible. Usually, this space is located close to its owner, contained objects
are oriented towards its owner, and the objects are often smaller, probably to
increase privacy by making them less visible to other team members [15,16].
Some authors speak of a personal territory [6,17,18] when referring to personal
space on a tabletop. Territoriality would however imply a feeling of ownership
towards the space [8]. This would be in accordance with [6] who state that
others would usually respect personal territories and not take away or manipulate
objects without asking the owner for permission.

Consequently, we define personal space as an area on the tabletop that is
predominantly used by one individual. It is a prerequisite for a territory which
additionally implies a feeling of ownership to what is contained by this area.

As the opposite to personal space, group space is used by all members of
a team working with the tabletop [6,15]. It is often located in the center of
the screen and objects are typically oriented in a way which allows a comfort-
able view by all team members. Although group space seems to belong to all
team members, the coordination of activities is mostly determined by proximity,
i.e. nearness to an area or objects usually implies a responsibility for it. This
results in areas that may be dominated by individuals but that still belong to
the whole group [6,19]. Following our argumentation from above, group territory
would be linked to feeling ownership, only that it would be a collective feeling
[20].

As a first step, we want to investigate whether personal space and group space
also emerge in collaborative modelling sessions. Consequently our first research
question is:

RQ1: Can we identify personal spaces and a group space on the table-
top during collaborative modeling?

2.3 Ownership and Etiquette

As mentioned above, personal space is not automatically the same as a personal
territory. Perceiving a certain area as personal territory would imply a feeling
of ownership. People try to preserve and protect what they see as their own
from others [8]. Psychological ownership is defined as a feeling that something
or somebody is “MINE” without the necessity to legally possess the target. The
target may also be intangible such as an idea [10]. The most desired consequence
of psychological ownership is a stronger affective commitment to the model [10,
21,22] which is particularly intended by participatory modeling.

The feeling of ownership emerges when we control the target, when we are
particularly familiar with it, and when we invest a part of our selves into the
target such as knowledge, ideas, time, labor etc. [10,23]. PEM should make
the fulfilment of these three prerequisites possible: By modeling themselves, the
participants take control. By discussing, they learn to know others’ perspectives
and get a more detailed knowledge about the model and its contents. Moreover,
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the participants invest time, effort and contribute their knowledge during the
modeling sessions. When participants work on a part of the tabletop screen,
they will probably consider this as their territory. Others will usually respect
such a personal territory and ask before taking away or manipulating objects
contained in that territory [7,15]. Psychological ownership may emerge on an
individual level, but also on a collective level when the three above-mentioned
prerequisites are also perceived at a collective level [20]. Thus, participants of a
modeling session may develop a collective feeling of ownership towards a model
and perceive the area on the tabletop where they work collaboratively as a group
territory. Objects may be passed from personal to group territory where the new
position and orientation signal the release of the objects for all team members
[15].

To sum up, psychological ownership should give hint on personal and group
territories. While it is difficult to assess ownership feelings towards the workspace
or parts of it, we are able to capture psychological ownership towards the overall
model which usually takes a significant part of the workspace. Eventually, the
model is the target we are mainly interested in. That is why our second research
question is:

RQ2:Do the participants of a collaborative modeling session develop
feelings of individual and collective ownership towards the model?

Based on feelings of ownership, it should be possible to observe an etiquette
among the participants of a collaborative modeling session. An etiquette would
further confirm the presence of real territories. Consequently, our third research
question is:

RQ3: Do the participants of a modeling session show an etiquette dur-
ing their collaboration at the tabletop, e.g. by asking for objects?

3 Method

3.1 Procedure and Setting of the Study

In our study, six teams of three persons had the task of collaboratively creating
a goal model for a fictitious company, a pizza delivery service, within thirty
minutes. They had to use a tabletop that was equipped with a self-developed
modeling software. The editor could be used by several users in parallel. It allows
creating rectangles representing goals, problems etc., connecting the components
with arrows and adding text descriptions to components and relations. Several
instances of touch keyboards and menus could be opened at every location on the
screen (a detailed description of the editor is to be found in [12]). The tabletop
was a 3M Multi-Touch Display C5567PW (size: 1210× 680 mm) embedded in a
wooden frame. The three team members stood around the table (see Fig. 1) and
were able to move freely as long as they did not cover the view of the camera
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Fig. 1. Re-enacted scene: three persons
modeling at the tabletop.

Fig. 2. Ceiling perspective with an over-
layed grid (photos from own source).

filming the participants from the front. Another camera recorded the session
from the ceiling.

A facilitator was present who helped the participants when questions about
modeling and notation emerged. As goal modeling with the 4EM method is
very easy and intuitive, participants are usually able to work almost without
the support of method exports. In fact, due to the simplicity of the modeling
notation, the participants quickly became method experts themselves which is
why the setting can be considered as collaborative modeling. However, we were
guided by the idea of participatory enterprise modeling in choosing participants
who had not modeled before and had a very different domain background. We
decided to not let the facilitator give further guidance to ensure that every
modeling team was exposed to the same conditions.

3.2 Sample

On the whole, the sample comprised 18 persons, among them eleven women and
seven men, who were between 20 and 45 years old (μ = 26.9, σ = 5.4). Eleven
of the participants were students, where psychology students represented the
largest group with seven persons. The other participants worked or studied in
various fields such as physics, biology or pedagogy. Except for one participant
who had experience in process modeling, the participants did not have any mod-
eling experience. Only in two of the three-person-groups had the participants met
before. With the heterogeneous sample of participants who were generally not
experienced in modelling, we intended to re-enact a participatory setting.

3.3 Identifying Personal and Group Space

It has to be underlined that space that is frequently used by a person is not
necessarily a territory claimed for possession. To identify territories, we have,
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however, first to observe whether certain areas of the tabletop are used predom-
inantly by individuals or by the whole team. We followed a research method
suggested by [6]. We watched the videos of the ceiling camera and positioned
a transparent grid over the recorded screen as can be seen in Fig. 2. The grid
contained five rows (numbered 1–5) and nine columns (numbered A-I).

Using the software ELAN [24], an observer annotated all time segments where
the different team members interacted with the software in each single segment
of the grid. When deciding on a grid format, we had to weigh up costs and ben-
efits. On the one hand, the more fine-grained the segmentation of the workspace
would be the more detailed but also the more laborious would the annotation of
activity be. On the other hand, bigger segments could be connected with infor-
mation loss. Possibly, we would not be able to sufficiently reconstruct where the
individuals’ interactions with the tabletop were concentrated and how personal
spaces evolved and changed over time.

We finally decided on a 5× 9 format, closely corresponding to the screen
format of 16:9, where a segment has approximately the size of a component of
a goal model. The second question was how to document interaction, as users
may work on components that overlap several grid segments at a time. This
was especially the case when a component was edited and a touch keyboard was
attached to the component enlarging it. We let all segments count that were
occupied by a significant part of a component including possible keyboard or
context menu. If only an edge or a corner of the component edited was contained,
the segment did not count.

For each segment we registered the overall duration of the interaction of each
user with the software. We created activity maps for each person following the
approach of [6]. Each participant was represented by a color. A segment was
completely filled with a certain participant’s color when the segment held the
global maximum working time for all screen segments.

The other segments were filled with color to an extent that was calculated
by working time in that segment in proportion to the maximum working time
in a segment among all participants.

In the original method suggested by [6], the maximum working time of an
individual was taken as the basis, thus, the whole picture was constructed using
independent activity maps of the individuals. Since this may in some cases lead to
a distorted view, because it relates only to an individual’s activities, we created
the activity maps based on the global maximum working time in a segment,
taking into consideration all participants.

According to [6,15], both group space and personal space do not remain at
a fixed location. Klinkhammer et al. (2018) state, that this territorial flow is
caused, amongst other factors, by alternating forth and back between individual
and collaborative working mode. That is why we investigated the activity maps
in time intervals to observe possible changes over time. Again, we had to weigh
up costs and benefits, i.e. the time intervals had to be small enough to still
notice interesting development while keeping the effort of evaluation reasonable.
Eventually we decided to divide the working time of approximately 30 min into
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quarters. We additionally created an accumulated activity map showing the
extent of interactions for the whole duration.

3.4 Investigating Psychological Ownership and Etiquette

Psychological ownership was assessed with a questionnaire using a scale by [25]
where statements had to be rated on a 5-point-scale. We used a German trans-
lation that was validated by [26] and adapted the original formulations to the
context of a modeling session. A former investigation using the same scale [27]
showed a separation of the used items into those measuring individual psycholog-
ical ownership, and those measuring collective psychological ownership. Example
items can be found in Table 1. Thus, for the evaluations in this paper we also
considered both kinds of psychological ownership separately. We calculated the
respective values by forming the average values of the ratings of the items corre-
sponding to the respective construct. To test whether there exists a significant
difference between individual and collective psychological ownership for the 18
participants we conducted a Wilcoxon test which is preferred to a t-test for
related samples in the case of absence of normal distribution and small sample
sizes.

Table 1. Items that had to be rated in the questionnaire on a 5-point scale to measure
individual and collective psychological ownership towards the model, based on the scale
by [25].

Example items

Individual PO This is MY model

I feel a very high degree of personal ownership for this model

Collective PO This is OUR model

Most of the team members feel as though they own the model

To get hints on etiquette, an observer analyzed the videos and annotated
those points in time where objects changed their “authors” by either being asked
for by another person, by being just taken by someone else, or by being handed
over by its original author. A second observer re-checked the annotations. In
two of the six videos, the transfer of objects was so hard to follow, e.g. through
repeated renaming, that we eventually had to exclude these videos to keep the
effort of our analysis reasonable. Thus, we analyzed four videos with respect to
etiquette.

4 Results

4.1 Analysis of Activity Maps

Due to limitations of space we cannot present all of the activity maps created
from the data set. Figure 3, 4 , 5 and 6 show the activity maps of team A of
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the four time quarters of the session to document the development of personal
and group space over time. For each segment in the grid, we have depicted a
participant’s level of activity with a colored bar. Each participant had a color
code, either “Red”, “Green” or “White”. The size of each bar is calculated by the
time the participant was active in that segment in proportion to the maximum
duration one of the participants had been active in one of all the segments.

On the whole, we could discover areas that were dominated by single users.
These did, however, often show activity from other users, too. Areas showing
interactions by the whole team were predominant in our analyses. There is in
fact a tendency that segments with interactions of several users become more
over time.

One can easily deduce from the activity maps where the persons stood, e.g.
in team A, White stood left, Green in the middle and Red at the right while
Red sometimes changed position by moving to the short right side or even to the
opposite side of the table which can bee seen in the Figs. 3, 4 , 5 and 6. In the
middle of the session, person Green and White changed sides, i.e. Green went
from the middle position to the left hand side and White changed from the left
hand side to the middle position.

We found the teams to work very differently. Some teams remained in fixed
positions resulting in more cleanly separated areas as can be seen in Fig. 7 show-
ing the accumulated activity map of team B. In other teams, e.g. team F, the
members changed their positions during the session which resulted in extremely
mixed segments in the accumulated activity map (see Fig. 8).

The person in the middle often seemed to have easier access to all parts of the
tabletop which is probably why activity signs of the middle person spread over
the whole table such as to be seen in Fig. 8, with mostly Red in the middle. We
observed that a person’s size and arm length also played a role. Consequently,
it seems that the area dominated by a person is determined by reachability, and
that is why we often see that a person mostly works on the space in front of
them. Areas less reachable show more balanced activities.

Fig. 3. Activity map for Team A for time interval 1. (Color figure online)
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Fig. 4. Activity map for Team A for time interval 2. (Color figure online)

Fig. 5. Activity map for Team A for time interval 3. (Color figure online)

4.2 Analysis of Psychological Ownership and Etiquette

In Fig. 9, the average values and standard deviations of individual and collec-
tive psychological ownership are shown. As can be seen, collective psychological
ownership is significantly higher (Wilcoxon test: p < 0.001; z = −3.312).

Table 2 shows the results of our evaluations concerning how a component,
e.g. a goal or a problem, was transferred from one user to another: either by
just taking the component (unasked), by asking for it, or if participants handed
over a component on their own initiative. The table reveals that most objects
were taken without asking beforehand. Almost never did the participants ask
for permission.
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Fig. 6. Activity map for Team A for time interval 4. (Color figure online)

Fig. 7. Accumulated activity map for Team B.

Fig. 8. Accumulated activity map for Team F.
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Fig. 9. Individual and collective psychological ownership, average values and standard
deviations

5 Discussion

5.1 Answering Research Questions

We analysed six modeling sessions each with three participants, with regard to
personal and group space, and territorial behavior on a tabletop. Each session
took 30 min where each team created a joint goal model for a fictitious company.
To analyze the video recordings, we divided the work surface in 5× 9 segments
and documented how much time each user was active in each segment. We
considered accumulated activity duration, but also the duration values in four
time intervals. We also assessed the participants’ feeling of ownership for the
model and their behavior with regard to transferring objects from one user to
another. Our analyses were to help us answer the following research questions:

RQ1: Can we identify personal spaces and a group space on the
tabletop during collaborative modeling? In fact, we found areas that were
dominated by single persons. We could recognize from the activity maps depict-
ing time intervals when a participant changed position at the table. The activity
maps also allow following the working progress, i.e. we could often see on which
parts of the model the participants were just concentrated. Nevertheless, these
areas were usually not exclusively occupied by single users, often other users
were also active in the areas. Physical reachability seemed to be the main reason
why users dominated an area on the screen. Thus, we conclude that most of the
area of the tabletop is a group space.

RQ2: Do the participants of a collaborative modeling session
develop feelings of individual and collective ownership towards the
model? The participants seemed to consider the model as belonging to the
whole group rather than to them individually. This leads us to two important
conclusions. First, this finding supports the assumption that the participants did
not establish personal territories. Instead they considered the whole workspace
as a (common) group territory. Second, this way of working, i.e. working purely
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Table 2. Component transfers

Team Way of transfer Number

A Unasked 19

Asked for 1

Handed over 5
∑

25

B Unasked 34

Asked for 0

Handed over 5
∑

39

E Unasked 41

Asked for 0

Handed over 3
∑

44

F Unasked 61

Asked for 0

Handed over 8
∑

69

collaboratively during the whole time without establishing personal territories,
possibly strengthens a feeling of owning the model as a group and might reduce
individual claims. Depending on the goal of a modeling project, this should be
taken into consideration. Probably, the more participants work as a team, the
more the result will be considered as coming from the whole team.

RQ3: Do the participants of a modeling session show an etiquette
during their collaboration at the tabletop, e.g. by asking for objects?
The findings with regard to an etiquette provide further support for our assump-
tion that there was usually one group territory and no personal territory. It was
common to just take an object that was previously edited by someone else with-
out asking. Consequently, we conclude that those objects were not considered to
be belonging to another user but to the whole team.

The question is now why we did not find any personal territories. In the
following paragraphs, we will provide some possible explanations and draw con-
clusions for the implementation of PEM sessions.

5.2 Space as a Scarce Resource

One reason why we did not discover personal territories may be a lack of space.
Some participants in fact complained that the tabletop was too small to accom-
modate all their ideas, and that the model would become too big for the screen.
Probably, the participants just did not have enough space to establish a private
space of their own. According to [6,19] the problem will become even more severe
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with growing team size. One remedy could be to use a bigger table. However,
Ryall et al. (2004) [7] found that bigger tables did not increase productivity. Fur-
thermore, with a bigger tabletop, more parts of the screen become unreachable
such that group territories or parts of it cannot be accessed by all team members,
and there would be more areas no one would feel responsible for. The second
remedy would be to decrease the size of user interface objects [17]. However,
making the objects too small would result in some participants being unable to
recognize all details of an object from their position.

A third remedy would be to use tangible interface elements. In the model-
ing editor we used, multiple instances of a menu can be opened to create new
components. The menu is approximately three times the size of a component,
e.g. a goal. Thus, it takes a lot of space. This space could be saved by offering
tangible objects serving for the creation of the different components. Examining
territorial behavior of children working with tabletops, Olson et al. (2010) found
that tangible interface elements even helped resolving conflicts [28]. It has, how-
ever, to be considered that tangible objects cannot be used for every tabletop
depending on the technology used.

Klinkhammer et al. (2018) suggest to use additional devices such as tablets
which give users additional space to establish their own personal territory [17].
However, a study comparing the use of tabletops combined with personal tablets
versus tabletops alone showed that collaboration was closer and awareness of
what the partners were doing was higher when working on the tabletop alone
[29]. Consequently, when preparing a PEM session we have to think about the
effects personal devices might have on collaboration. The degree of collaboration
might again have an influence on collective and individual ownership feelings.

5.3 The Task Determines Behavior

The emergence of personal and group territories may also be influenced by the
task and its execution as suggested by Klinkhammer et al. (2018) [17]. From the
beginning, the teams worked in a collaborative way which could be assigned to
the following three collaboration modes as defined by [30]: 1) Participants work
on the same problem in the same area, 2) one participant is working and the
others are watching in engaged manner, and 3) participants are working on the
same problem, but in different areas.

During the modeling session, a facilitator was present but did not actively
steer the discussion and modeling activity. In the case of goal modeling, continu-
ously close collaboration is important because all the participants have to agree
on the goals of the company. Nevertheless, a stronger separation of collecting
ideas and subsequently integrating them in a model as suggested by Stirna and
Persson (2018) [2] could be applied. This might, however, change the way of
working. A systematic way of planning and designing the collaboration process
would be to construct this process from so-called thinkLets. A thinkLet is defined
as “the smallest unit of intellectual capital required to create one repeatable,
predictable pattern of thinking among people working toward a goal” [31, p. 2].
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Thus, they are reusable building blocks for collaboration patterns. Example thin-
kLets would be Free Brainstorming or MoodRing (continously track the level of
consensus concerning a certain issue) [31,32]. For each thinkLet, it is described
when to use it, which thinkLet can be predecessor and successor, and how to use
it including a script for the facilitator and the tools that have to be provided.
Certain thinkLets will automatically require personal space and maybe even lead
to the emergence of territories.

The development of personal space and territories may also depend on the
kind of model that should be created. While goal models might spread in all
directions, process models often show a horizontal alignment. This will have an
influence on how persons are positioned and possibly restrict access to particular
places in the model. As mentioned above, goal models usually require close col-
laboration. In process modeling, not every participant is an expert for the whole
process but maybe only for a part of it. In that case a division into sub-tasks
executed by sub-teams might make sense [33]. For large-scale models, this would
lead to a need for additional devices and result in separate territories.

5.4 Consequences for PEM

The study has shown that for collaborative goal modeling that is connected to the
continuous search for consensus, the participants of the modeling sessions devel-
oped a feeling of collective ownership towards the model. The lack of personal
territories seems to be connected with this collective psychological ownership.
Just like the model, the participants seem to consider the common workspace as
belonging to all of them as also indicated by the mixed activity maps and the
lack of etiquette. We claim that in the context of PEM, it is intended that the
participants consider the overall model as belonging to all of them. Only then
will they develop a joint commitment to the model which will be crucial if the
model is to be implemented in the company.

In some cases, it might make sense to divide the group of participants to
work on sub-tasks, e.g. due to different expertise, or to use phases of individual
work to collect a multitude of different ideas. The particular challenge for both
facilitation methods, including the choice of tools, and the design of user inter-
faces is to allow such diverse ways of working and also make it possible to join
all perspectives at intermediate stages as well as at the end of a modeling session
in order to guarantee the emergence of collective ownership. Thus, we believe
that temporary personal territories, especially on additional devices, could be
very beneficial, but everything must eventually lead back to a joint workspace
without personal territories such as the tabletop. The latter would only cost
valuable space and might distract from the collective result.

Lastly, the study has shown that most participants did not seem to be both-
ered by physical closeness although most of them had not met before. A reason
for this might be that the persons were standing side by side most of the time.
Altman (1975) claims that this position mitigates the negative effects of phys-
ical nearness to other people with whom we do not share a close relationship
[14]. The question is whether in a real world context, members of a company
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would react in the same way taking into consideration that people from different
hierarchy levels or people with hidden conflicts might get together in a PEM
project.

5.5 Limitations

The study presented in this paper has some limitations. First, the modeling
sessions took place in a lab of the university. The participants involved did not
work together in a company and had no professional relationships. Nevertheless,
the sample comprised mostly persons who had no background in modeling as it
is typical in PEM projects which adds to the study’s representativity. Although
we used a fictitious subject, the participants became quickly engaged since most
students can relate to a pizza delivery service. Our findings do only concern goal
modeling. Participants’ behavior during modeling business processes and further
perspectives is still to be investigated. Moreover, the facilitator did not determine
any structure during the session in order to not add an additional influence to the
setting and the participants’ work behavior. The results of our study might have
been different if the facilitator would have guided the procedure more intensively.
Nevertheless, we offer insight to how workspace is used when working purely
collaboratively without establishing personal territories and how this might be
connected with individual and collective feelings of ownership. Moreover, even
with a more structured proceeding, the space offered on the tabletop would
still have been restricted, and maybe still too little to allow personal territories.
The modeling editor itself may also have had an influence on the participants’
behavior, particularly with respect to the model components’ size. However, we
still have to make sure that all elements remain readable to the team members.

We have suggested a particular way of depicting areas where the participants
were active on the screen. Our decisions of how to illustrate the level of activity
and temporal flow were based on existing methods and adapted to our project.
There are certainly further approaches to be explored. Lastly, we used a small
sample because of the considerable effort involved with the kind of evaluations
we performed. Also, a bigger team size would not have changed the results
with regard to the absence of personal territories as the space on the tabletop
would have been even less per person. In fact, we present one of few studies
of territorial behavior on tabletops where more than two persons are working
together, additionally considering ownership feelings. In fact, commitment is not
easy to produce in a study setting like ours. Psychological ownership, however,
as a determinant of affective commitment is to be attained by ensuring feelings
of control towards the target, familiarization with the target, and investing the
self [10], which can be implemented in a modeling session to maybe a limited, but
still a certain extent. To assess psychological ownership, we used an established
and validated measuring instrument [22].
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5.6 Implications

Personal territories may serve modeling participants as a private space where
they can work independently on their own ideas that can be shared later with
the whole group [6,19]. Giving the participants more space by using a bigger
table or by making the elements of the user interface smaller has its drawbacks.
Instead, we intend to extend our existing tool concept by adding further devices
such as mobile phones or tablets.

Stirna and Persson (2018) suggest a more structured procedure where par-
ticipants of a PEM session first write down their ideas on cards on their own
before sharing them later in a collaborative phase [2]. We would like to follow
this concept by letting the additional devices play the role of card stacks where
the participants can write down their ideas separately from others. The digital
cards may be shared on the tabletop by transferring the data from the addi-
tional device to the tabletop. During the digital card writing, the team members
might not be completely aware of what the others are doing, however, awareness
is particularly important in phases of collaborative working [6,19]. A previous
phase of brainwriting where participants note their ideas privately may have
several advantages: Not only the loudest will be heard, introverted people may
also get a chance to voice ideas. Hierarchy levels of the participants will not
interfere either. Moreover, the ideas may be more diverse. Often, when an idea
is voiced aloud, it will restrict the other participants’ thinking into that direction
only. Lastly, the participants write down their ideas right away without being
disturbed or being forced to hear everybody else out before they can contribute
their suggestions.

We would like to examine whether phases of individual and collaborative
working will change the extent of individual and collective ownership feelings,
respectively. In our study, we have seen that close collaborative work seems to be
connected to higher collective ownership feelings towards the model. Depending
on the modeling project’s target, one must probably find the appropriate ratio
of collaborative and individual work.

We would also like to investigate user behavior and the emergence of territo-
ries in the context of process modeling. Process modeling can be considered as
more complex than goal modeling since temporal aspects have to be regarded as
well. Moreover, in contrast to goal modeling, a division into sub-tasks can make
sense in process modeling.

On the whole, the study gives insight to the working behavior on tabletops
and helps in extending the state of knowledge about collaborative modeling
sessions.
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Abstract. TheDesign and EngineeringMethodology for Organizations (DEMO)
comprises a set of models and diagrams to represent an organization.While apply-
ing DEMO on a project in collaboration with the town council of the city of Fun-
chal, we saw a need for improvements in the Process Model. Thus, in this paper
we propose improvements to the current body of knowledge regarding DEMO’s
ProcessModel representations, fusing the contents of the Process and Cooperation
models. Namely, we propose a semantically richer Process Diagram and a Trans-
action Description Table, to achieve a more agile and comprehensive solution to
depict the essence of organizational reality. Our approach presents the information
in a more straightforward and transparent way, which is easier to understand by
collaborators. This project also confirmed the known DEMO conciseness metric
of allowing a reduction of over 95% in the complexity of representations. One of
ourmain research contributions is that, even though the information is more acces-
sible and easier to grasp in the diagrams we propose, the processes’ complexity is
still present in the description table.

Keywords: Enterprise engineering · DEMO · Process model · Process diagram ·
Building code · Building appraisal process

1 Introduction

Organizations implement information systems to improve their effectiveness and effi-
ciency, but the achievement of this goal depends on the capabilities of the information
system and the characteristics of the organization [1]. Furthermore, the effective transi-
tion of strategy into infrastructure requires extensive design activity on both the orga-
nizational design and the information systems design to create, respectively, effective
organizational infrastructure and effective information system infrastructure [1]. The
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modeling of an organization requires extensive analysis of its processes and a sound
methodology to represent it.

The DEMO (Design and Engineering Methodology for Organizations) is based on
the PSI theory of Enterprise Ontology, which studies organizations’ operational essence,
that is, the construction perspective on enterprises, disregarding all functional aspects
[2]. DEMO’s Way of Modelling comprises a set of models and diagrams to represent
an organization. They are correlated with each other, representing coherent information
in a platform-independent way [3]. However, DEMO’s Coordination Model and Pro-
cess Model represent almost the same information (process dependencies in regards to
structure and flow control), which can be a burden to keep up to date with every single
change when we are modeling complex processes. Applying DEMO to a project in the
town council of the city of Funchal allowed us to redefine these models within DEMO
and propose improvements to its representations.

This paper is organized into six sections. We start by presenting our research method
and motivation, followed by the theoretical foundations. We then proceed to introduce
the project and our proposal for a new DEMO’s Process Model. We finish with the
proposal’s discussion and wrap up with a conclusions section.

2 Research Method and Motivation

The design-science paradigm seeks to expand the boundaries of human and organiza-
tional capabilities by creating new and innovative artifacts that are expected to solve
identified organizational problems [1]. In this work, we followed the Design Science
Research Cycles [4], considering the Seven Guidelines for Design Science in Infor-
mation Systems Research [1]. The Relevance Cycle connects the project’s contextual
environment with the design science activities [4], motivated by the desire to improve
the environment by introducing new and innovative artifacts and building them [5]. In
our work, we have clearly defined the problem based on the complexity and ambiguity of
the Portuguese Building Code (PBC), regarding municipal urban appraisal requirements
and procedures. The PBC allows different interpretations that have originated divergent
obligations across the country. In the context of the specific town council of Funchal,
we found the need to represent this information in a more straightforward and orderly
way, as there was the imminent implementation of a new software to manage the urban
appraisal processes. For a successful implementation and parametrization of the new
system, thorough models of the process will be of high and essential value for them.

The Rigor Cycle connects the design science activities with the existing knowledge
base of scientific foundations, experience, and expertise [4]. This paper summarizes the
complex and ambiguousPBC requirements andprocedures formunicipal urban appraisal
into several diagrams and tables based on DEMO and the PSI Theory [6]. Based on this
project’s practical experience, we saw the necessity of improving the representation
and nomenclature of process diagrams and associated tables, thus contributing to the
knowledge base with method and tool improvements.

During this practical project’s execution, we followed the Design Cycle iterating
rapidly between the core activities of building and evaluating the design artifacts and the
process of research, incorporating the feedback to refine the design further [4]. We bal-
anced our artifact’s build and evaluation phases based on the relevance and rigor cycles.
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Our artifact’s different iterations were evaluated by a highly experienced team of urban
appraisal officers in the criteria of completeness, simplicity, elegance, understandability,
and ease of use. The feedback was immediately incorporated into the redesign of the
artifact. The results presented in this paper are the final iteration after a series of around
ten work meetings with officers over seven months.

In this paper, we propose several improvements in terms of how to representDEMO’s
Construction and Process Models in a new kind of diagram and table, while changing
the nomenclature of some DEMO concepts to facilitate the communication with officers
and their interpretation of the representations.

3 Theoretical Foundations

3.1 PSI Theory

The PSI theory, on which DEMO (Design and Engineering Methodology for Organiza-
tions) is based, studies organizations’ operational essence, that is, the construction per-
spective on enterprises, disregarding all functional aspects [2]. The fundamental notion
of understanding organizations’ operation is the coordination act (C-act) [6], where
commitments are raised. Performing a C-act results in creating the corresponding coor-
dination fact (C-fact) and affects the coordination world (C-world) (see Fig. 1). C-acts
are how actors enter into and comply with commitments towards achieving a certain
production fact (P-fact) [6] and have an effect on the production world (P-world) (see
Fig. 1). When active, actors take the current state of the P-world and the C-world into
account. C-facts serve as an agenda for actors, which they continuously try to deal with.
This is the operational principle of organizations, also known as the operation axiom
[3].

Fig. 1. Depiction of the operation and transaction axioms [3]

According to the PSI theory, every organization’s operation is a network of transac-
tions [6]. Each transaction is some path through the complete transaction pattern, which
is a universal pattern in all organizations [2]. A transaction is successful if the (final)
product is accepted and a production fact (P-fact) starts to exist in the P-world. C-acts are
the key elements in (business) conversations, which are the constituting parts of (busi-
ness) transactions [6]. This interaction between subjects (the initiator or consumer and
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the executor or producer) follows a certain path along the complete transaction pattern
[2, 3] (see Fig. 1).

All transactions go through the four – social commitment – C-acts of request [rq],
promise [pm], declare [da] (also known as state), and accept [ac] (see Fig. 1). The
transaction pattern has three phases: (1) the order phase, in which the two actors dis-
cuss and negotiate to agree on a product that the executor can promise to bring about
in response to the request by the initiator; (2) the execution phase where the executor
produces, in fact, the desired result; and (3) the result phase, where the executor declares
the product and the initiator accepts that result, thus effectively concluding the transac-
tion. This sequence, known as the basic transaction pattern, only considers the regular
flow where everything happens according to the expected outcomes (see Fig. 1). All
these five mandatory steps must occur to make a new P-fact. The complete transaction
pattern also considers other c-acts, including revocations and rejections that may happen
at every step of the regular flow [6]. Therefore, it is considered universal [6] and is also
known as the transaction axiom [3].

Transaction steps are the responsibility of two specific actor roles, the initiator and
the executor. The actor role determines the authority that the actor may exercise and the
responsibility to do so. Because of the inherent connection between an actor role and the
transaction kind of which fillers are the executor, the combination of the two is called
the transactor role (the universal building blocks of business processes) [6].

The PSI theory states that three human abilities play a significant role in an organiza-
tion’s operation: (1) the forma ability that concerns documental actions; (2) the informa
that concerns informational actions; and (3) the performa that concerns original actions
[6]. This is also known as the distinction axiom [3]. Regarding C-acts, the performa abil-
ity may be considered the essential human competence for doing any kind of business as
it concerns being able to engage in commitments either as a performer or as an addressee
of a C-act [7]. When it comes to production, the performa ability concerns the original
actors. Those actors perform production acts like deciding or judging or producing new
and original (non-derivable) things, thus realizing the organization’s production facts.
The informa ability, on the other hand, concerns the intellectual actors, the ones who
perform informational acts like deriving or computing already existing facts. Finally,
the forma ability involves the documental actors, who perform documental actions like
gathering, distributing, or storing documents or data.

Corresponding with distinct sorts of production, the actors in an organization can be
partitioned into three layers: the O-organisation (O from original), the I-organisation (I
from informational), and the D-organisation (D from documental) [2]. The ontological
model of an enterprise’s O-organisation is called its essential model [2]. Like every
ontological model, it is abstracted from implementation, but it is also abstracted from
realization, that is, from supporting I- and D-organisation [2]. Yet, it contains everything
needed to understand the essence of an enterprise’s operation, thus contributing to the
generic enterprise engineering goal of intellectual manageability by an unprecedented
reduction of complexity [8]. In terms of size, that is, the amount of diagrams, text, etc.,
the essential model is less than 5% of a ‘normal’ complete model of an enterprise [9,
10].
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By performing P-acts, the subjects in an organization create products. The PSI theory
also explains how P-Facts are interrelated. It states that every transaction is enclosed in
some other transaction or is a border transaction or a self-activating transaction. The
carrying out of a transaction (of whatever kind) can be taken as a generic business
process building block, and the C- and P-acts in transactions can be taken as a generic
notion of task [6]. According to Dietz andMulder [6], a business process is a sequence of
process steps, which are steps in transactions of the transaction kinds that are contained
in a business process kind in the O-organisation of an enterprise. This is also known as
the composition axiom [3].

3.2 DEMO Methodology

The DEMOmethodology is based on the previously explained PSI Theory of Enterprise
Ontology. DEMO’sWay of Modelling comprises a set of models and diagrams to repre-
sent an organization. The referred aspect models are the Cooperation Model (CM), the
Action Model (AM), the Process Model (PM), and the Fact Model (FM) [9]. They are
correlated with each other, representing coherent information in a platform-independent
way [3].

The CM specifies the construction of the organization and its transaction types and is
the most concise one. It also states the identified transactor roles (the elements) and the
coordination structures (the influencing relationships) between them [9]. There are three
coordination structures among transactor roles: the interaction structure, the interimped-
iment structure, and the interstriction structure [9]. The interaction structure consists of
initiator links between transactor roles and transaction kinds (the transactor role implic-
itly specifies the executor links). The interimpediment structure consists of wait links
from actor roles to transaction kinds. A wait link expresses that actors in the connected
actor role have to wait for specific progress in transactions of the corresponding transac-
tion kind before proceeding with their work (in their own transactions). The interstric-
tion structure consists of access links from actor roles to transaction kinds, conceived as
transaction banks. An access link expresses that actors in the connected actor role have
reading access to the contents of the transaction bank (both to the C-facts and P-facts).

The AM of an organization is the ontological model of its operation, that is, the
manifestation of the construction over time [9]. For every internal actor role, it con-
tains the rules that conduct the role fillers in doing their work. The action rules guide
actors in performing coordination acts (represented in the Action Rule Specifications),
and the work instructions guide actors in performing production acts (depicted in the
Work Instruction Specifications). The action rules are composed of all the information
from the other models, CM, PM, and FM, meaning that all the information about enter-
prise business is covered in this model, being one of the most important models on the
methodology [3].

The PMof an organization is amodel of the (business) processes that take place as the
effect of acts by actors [9]. The PM of an organization connects its CM and AM, as far as
coordination is concerned. It contains, for all internal and all border transaction kinds, the
process step kinds as well as the applicable existence laws. For all the transaction kinds,
the PM reveals the process step kinds and the applicable occurrence laws, including the
cardinalities of the occurrences [9].
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The FM of an organization is a model of its organizational products [9]. Regarding
the state space, the FM contains entity types, value types, property types, and attribute
types relevant for the modeled organization and the existence laws that apply. While
regarding the transition space, it represents the event types and the occurrence laws [9].

In this paper and in our project, we use the term task for the representations instead of
transaction, as it is much more easily interpreted and understood by officers not familiar
with DEMO and we will use both terms interchangeably.

4 Project Presentation

The project this paper reports on resulted from the city of Funchal’s town council’s
request for a thorough modeling of their urban appraisal process.

The town council of Funchal serves a population of around one hundred and ten
thousand inhabitants in a land area of about 76 km2 and it’s divided in three cabinets,
nine major departments each with multiple divisions under their tutelage, as well as
municipal public water service, municipal firefighters and municipal civil protection.

The urban appraisal process falls mostly under the territory planning department,
more precisely in the urban appreciation division, but overlaps with other departments
or divisions on occasion such as the treasury department on payments related issues or
the legal and inspection department on the inspections/fiscalizations done on the urban
operations, rule violations or even restoration of legality.

This process handles the requests regarding permits for all kinds of building con-
struction work, land allotment, and other urban operations within the town. Soon, a
new software system to manage this process will be implemented and thorough models
of the process will be of high and essential value for successful implementation and
parametrization of this future system.

We devised our representations by analyzing information from multiple national
and local legislation and regulations, as well as from a series of project meetings with
officers of Funchal’s town council. But the main focus and source of information was
the PBC, the main piece of legislation on urbanization that all town councils need to
comply with. Our representations consist of two artifacts; (1) a Process Diagram and (2)
a Transaction Description Table. Both are DEMO-based, so in our approach, the focus
was to find original transactions, although some informational and documental oneswere
also specified due to legal obligations and the need to make them explicit in the model.
We identified 393 transactions, which were grouped into 13 scopes of interest (SoI)
corresponding to the respective set of procedures of the global urban appraisal process.
Out of these 13 SoI, seven were analyzed in greater detail up to now, regarding rules
specifying process structure and flows. Namely, 695 dependencies between transactions
were determined 280 originating transactions, 68 waitings for transactions, and 347
target transactions as shown in Fig. 2. Officers were stunned in multiple meetings where
the study development was presented by the sheer number of modeled elements and
the complexity of their day-to-day work processes, but very happy to see how its huge
complexity could be summarized into 19 pages of diagrams.

Outside the 13 identified SoI, 13 other transactions were identified (e.g., permits for
local tourist accommodation, etc.), but they were few in number, unrelatable to each
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Fig. 2. Scopes of Interest synthesis

other and quite simple, often consisting of just one action and one payment. In the
next subsection, we describe the SoI 3. Urban operations carried out by the Public
Administration used as an example to show our proposals of improvement to DEMO
representations of the CM, PM, and AM.

4.1 Urban Operations Carried Out by the Public Administration

In this section, we describe the procedure of appraising urban operations carried out by
the public administration. This procedure, compared to most of the other SoI, is one
of the less complicated ones and follows a sort of streamlined “happy flow” scenario
making it a good fit for a paper with a strict page limit.

Urban operations carried out by the public administration occur when either the
national government, the regional government, or some other local authority, which
includes the town council of Funchal, its civil parishes, and institutions associated with
them, decide to carry out some building/construction work. Much like any citizen, the
process starts with the public entity submitting an application. The operations can be of
three distinct kinds: 1) that are not allotments (regardless of the public entity promoting
them); 2) allotment operations and urbanization work carried out by local authorities
and their associations (those authorities being the town council itself, any of its parishes,
any of their associations or local public companies); and 3) allotment operations and
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urbanization work promoted by the state (national or regional government and their
public companies).

When a public administration entity carries out an urban operation, it is required
that the town council issues a non-binding prior opinion about it. This has to be issued
up to 20 days after the application. If this deadline is missed, it is considered to be a
tacit approval and the process continues. Nevertheless, if the opinion is given in time,
as it is non-binding, the process may still continue regardless of it being favorable or
unfavorable.

In the case of allotment operations and urbanizationwork carried out by local authori-
ties and their associations, it ismandatory to get an authorization from the town assembly.
Because this step may occur before the application is submitted, we modeled it as an
optional task in this context. However, a mandatory step is the public discussion that has
to be announced eight days before its start date and must last at least fifteen days. The
public discussion is also a mandatory task in allotment operations and urbanization work
promoted by the state. However, for this kind of operation, the town council executive
committee must be heard within 20 days after the application submission date and their
opinion is binding.

In our representation, the initial appraisal process tasks appear as optional, as its
execution depends on the requested operation. The mandatory restrictions mentioned in
the previous paragraph must be specified in the action rules.

If not tax-exempt, the tax value calculation must occur and is later communicated to
the requester. The fees due to urban operations may be calculated by the applicants and
paid by them prior to the submission of the application. In those cases, the town council
later confirms the due amount and informs the applicant. This is called a self-payment
(by the initiative of the applicant). However, for operations carried out by the public
administration, the calculation of the correct amount is a previous mandatory step. If the
applicant is the town council itself, a payment makes no sense and, instead of the self-
payment, there is an integration of the cost of the operation in the town council’s budget.
At a later date, if there was a previous payment, the amount is revised to guarantee that
the correct fees are paid.

A liability statement must be sent to the town council by the applicant. This can
be done simultaneously with the payment procedure or after it. After the payment, the
entity must obtain a display sign with the commence and completion dates of the urban
operation, that is publicly displayed at the construction site. After getting the sign, it has
to be publicly displayed at the worksite. The applicant, having publicly announced the
commence and completion dates of the urban operation and paid the due fees (in the case
of not being the town council itself), must communicate to the town council the effective
commencement date, with identification of the person in charge of its execution, at least
five days before that date.

By then, if needed, a public road occupancy permit due to construction work might
be requested. During the whole duration of the construction work, the construction site
is subject to random inspections realized by the town council inspectors. When the
operation is complete, like in other kinds of urban operations, the entity responsible for
the operation can then apply for a use permit. This concludes the process of appraisal of
an urban operation carried out by the public administration.
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Fig. 3. PSD - Urban operations carried out by Public Administration (parts 1 and 3)

In Fig. 3 and Fig. 4, we present this process in the current DEMO Process Structure
Model (PSD) notation. The overall result of the model were 18 transactions (two as
a reference to other processes), 32 actors (10 of them unique), 16 wait connections, 8
causal connections, and 11 starts of process (although 10 of them were in the middle of
what we identified as the process, but the PSD notation has no solution for those cases).
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Fig. 4. PSD - Urban operations carried out by Public Administration (part 2)
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In the next section, in Fig. 6, we see the depiction of this process using the new
notation we propose for the DEMO’s Process Model which fuses the contents of the
Process Model together with those of the Cooperation Model. We propose that the
Process Model is extended with the features we now present and that the Cooperation
Model should be renamed to its previous name: Construction Model. We argue that the
CM model should show only the composition of transactions in a process as per the
composition axiom. Our proposal for the new Process Model is explained in the next
section.

5 Proposal for a New DEMO’s Process Model

This section presents the Process Diagram and the Transaction Description Table that
constitute our vision for a new Process Model within the DEMO methodology. These
two new artifacts were created out of the need for a more agile and comprehensive
solution to compile and present the essence of organizational reality, when compared to
the traditional DEMOmodels. Having twomodels (CMand PM) replicating/splitting the
same information (process dependencies regarding the structure and flow control) can be
a burden to keep up to date with every single change. This can be especially hard when
modeling complex processes, with many tasks, with multiple team members working in
parallel, and with regular interactions with officers. Therefore a single diagram that we
named Process Diagram seemed like the perfect solution to present all the information
that we deemed visually necessary to comprehend the process concisely, while still being
easy (enough) to understand by any of the officers. Understandably, we couldn’t fit all
the process information in that single diagram. For that, we also created a Transaction
Description Table, where we could add the more text-intensive relevant information, like
the descriptions of each transaction, their conditions for taking place, their rules, their
time constraints, amongst others. To facilitate collaborative work and easy access to the
models by stakeholders, for the diagramwe used the tool diagrams.net and, for the table,
a google spreadsheet. Next, we explain each of these artifacts in greater detail.

5.1 Process Diagram

Before we present the resulting Process Diagram in Fig. 5 we explain the meaning of
each symbol used in the process diagram of Fig. 6.

To keep track of the source of information behind each task, each symbol includes
a reference to the source. In the case of the PBC the particular article in the legislation.
Besides this reference, tasks are also accompanied by a specific numbering started with
“T” that contains the identification (ID) attributed to each transaction in the Transaction
Description Table. This grants traceability between the diagram and table, but also in
other elements developed in this project but not presented in this paper due to lack of
space.

In Fig. 6, we present the diagram of the SoI #3 described previously, split into two
parts, side by side (repeating the two bottom tasks at the start of the second side to
facilitate the understanding of the connections).
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Fig. 5. Process Diagram - Shapes description

Fig. 6. Process diagram - Urban operations carried out by Public Administration

The resulting model is composed of 16 tasks, 9 ontological, two infological, three
datalogical, and two external tasks (relevant to the process). Of the modeled tasks, 7 are
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border tasks, 6 with external activation (meaning that an external actor is responsible by
their request and acceptance), and one with internal activation (meaning that an internal
actor requests them and accepts them but the promise, execution, and state are performed
by an external actor).

The model also has two references to other processes (one of which with external
activation).

Concerning connections between tasks, the end result was one initial task, four
composition dependencies, four causal dependencies (three of them conditional), 10
wait dependencies (three of them conditional), and 10 intermediate tasks (three of them
conditional) in the context of the process that requires an actor initiative to start.

Although not present in this model, the actors were not forgotten and are represented
in the Transaction Description Table presented in the following section.

5.2 Transaction Description Table

In the Transaction Description Table, a detailed description of each task is provided in a
structured way, explained as follows. We remind that we use the terms transaction and
task as synonyms. For each task, we can find its description (often a direct copy from the
text in the legislation), the conditions or rules that need to be verified for the subsequent
task(s) to be executed, and time constraints.

In the Transaction Description Table, the information is distributed in the columns
as it follows:

#1 ID: unique identifier
#2 Source: source document, in this project, mostly the piece of legislation where the
task was identified;
#3 Section: the place (article or section) in the source document where the task is
mentioned;
#4Scope of Interest: scope of that group of tasks (e.g., Licencing, PriorCommunication,
etc.);
#5 Name: task name (e.g., public discussion for allotment operations);
#6 Task Kind: used to classify the task in original (O), informational (I), documental
(D), or external (E);
#7 Executor: organizational position/function (internal or external) responsible for
executing the task;
#8 Description: a textual description with task details (in this project, often a copy of
the relevant legislation, but may contain other relevant information);
#9 Originating task(s): list of task(s) originated by the current one. A task may be the
start of a process, a consequence of another task, a part of another task (composition
dependency), or an intermediate task that requires actor’s initiative to deploy (e.g., “pub-
lic discussion for allotment operations” is an optional task originated on “appraisal of
urban operation carried out by public administration entity” but, when requested, must
be concluded for the completion of the “appraisal of urban operation carried out by
public administration entity”);
#10Waits for task(s): used if a task, after its commence, needs towait for the conclusion
of another task to proceed (e.g., when the applicant is the state promoting an allotment
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operation, the task “appraisal of urban operation carried out by public administration
entity” must wait for the completion of the task “hearing of the town council executive
committee for allotment operations and urbanization work promoted by the state”);
#11 Target task(s): tasks originated as a consequence of another task. It may be created
upon its conclusion, but also in any transaction pattern step (request, promise, execution,
state, or acceptance). Not all tasks have target task(s);
#12 Conditions/Rules: describes the conditions and rules followed in order to execute
the current task and/or target task(s), (e.g., “If the “Receipt of liability statement” has
been received, the applicant may “obtain display sign of beginning and end dates of
urban operation”);
#13 Temporal constraints: identify deadlines or other temporal restrictions regarding
tasks (e.g., the “issuance of prior opinion (non-binding) for non-allotment operations”
must take place within 20 days after the application).

Figure 7, Fig. 8, and Fig. 9 depict the first two tasks in the Transaction Description
Table of the urban operations carried out by the public administration that exemplifies
the structure presented above.

Fig. 7. Transaction Description Table - sample (Part 1)

In creating theTransactionDescriptionTable, the traceability andnavigation between
taskswere primary concerns. On one hand, this is due to the inherent sequencing between
originating and target tasks and, on another hand, because some tasks have their execution
halted until others finish. The implementation of the navigation feature was done at
a google spreadsheet level with the development of a script that automatically links
the transactions present in the “Originating task(s)”, “Target task(s)”, and “Waits for
task(s)” columns to the respective entry in the Transaction Description Table. Interested
stakeholdersmay then follow the process flow inwhichevermanner theyfind appropriate,
while having the added capability of inspecting and following a link to the piece of
legislation that supports the existence of the task itself (i.e. the linked “Source” column).
This navigable “spreadsheet method” was highly appraised by the town council officers
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Fig. 8. Transaction Description Table - sample (Part 2)

Fig. 9. Transaction Description Table - sample (Part 3)



148 D. Pinto et al.

and now constitutes a very useful tool for their dailywork, while the new software system
is not implemented.

6 Elaboration and Discussion

The distinction axiom is of particular importance because it lets one focus on the essential
aspects of the processes, allowing a higher level, simplified and neutral view of them,
maintaining only essential (original) tasks and abstracting how this information is treated
(informational tasks) or transmitted (documental task) between the officers, with the
exception of cases where this is a legal requirement or it is important to make them
explicit for another reason.

This abstraction of material/technical details of how a task is performed (manually
or with computer support) or how a fact is supported (only on paper or in digital support)
allows greater flexibility in the implementation. This also makes it possible to identify
possible operational optimizations, namely, opportunities for automation and optimiza-
tion that would not be possible with the traditional requirements gathering approach. For
example, tasks with an informational/documental nature are more likely to be targets of
full digital/computer automation.

The PBC and the associated documents are spread in different files that sum up to
387 A4 pages. Our work of synthesizing this complexity resulted in the identification of
thirteen SoI. The tasks involved in those SoI were represented in diagrams occupying a
total of 19 A4 pages. This shows that our approach was able to present the information
more straightforwardly and transparently, easier to be understood not only by the officers
involved in these processes but also by any citizen that needs to do building work. It
represents a reduction in the number of pages needed to describe these requirements of
over 95%. This confirms this commonDEMO statistic as purported by [9] and [10]. Even
though the information is more accessible and easier to grasp in the diagrams, the PBC’s
complexity is still present in our description table representing the legal requirements
and procedures truthfully.

One of the main contributions of our research is that the representation of the PBC in
the devised diagram and table allows a different organization of the information which
makes it much easier to understand and find the relevant information at any point in
the urban appraisal process. Before our project, the urban appraisal officers had a hard
time finding exactly where each urban operation application was and which steps were
still missing to continue or finalize the process. With our work, the urban appraisal
officers can now easily check the path that each urban operation application should
follow, according to the applicant’s request. At any point, it is also easily verifiable
which are the steps that the urban appraisal application needs to go through still to
get the construction permit. Our new version of representing the Process Model solves
several issues regarding current DEMO models, explained next.

The current Coordination Structure Diagram is not easy to grasp by newcomers and
has extensive line clutter, as visible in the simple example of GloLog enterprise in Fig. 10
depicting a logistics process with “transactor” elements which combine the notion of
transaction and the actor that executes it. Transaction was already a “strange” word for
people non-familiar with DEMO and transactor seems even worse. Collaborators in an
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Fig. 10. The interimpediment structure in the GloLog enterprise [11]

organization relate much more with common terms such as task. The way we depict
the PM (Fig. 6) is semantically richer by: presenting task names, much closer to day-
to-day operations rather than “transactor names”. We clearly separate the concerns of
process composition, task causation, and task waiting. The composition perspective is
represented by the connectors with diamonds; the causal by connectors with arrows; and
the waiting by the connectors with double-crossed lines.

We solve the problem of “isolated” transactions in a process being able to be started
by initiative of both internal or external actors without a need for a management or
self-activation transaction - in the relatively simple process depicted in this paper, this
would lead to a lot of unneeded tasks and connectors as there are many instances of
these “isolated” transactions. The solution we propose is basically replicating the spe-
cial “external activation connector” presented in some DEMO models of the past. In
processes that imply an interaction between actors in different organizational systems,
it’s essential that we can express that some tasks can start “independently” in the context
of an existing process instance.

We propose a simpler way to express border transactions with color gradients which
can easily and rapidly make us understand which tasks are initiated by internal actors
and executed by external actors and vice versa.

It is also clear that, regarding links between tasks, dashed means optional and non-
dashed mandatory. Using numbers at the end of connectors to represent this essential
concept is harder/slower to interpret as compared to the line expressing the concept.
This is the main differentiation in most connections. Numbers should be used to reflect
cardinalities higher than one.

It is interesting that, at least in this case, the waiting links form a tree of dependencies
between many tasks that can be started independently and autonomously. We can also
express the c-acts involved in all links, as well as cardinality. Furthermore, the network
of dependencies expressed with our new syntactics and semantics appears to be able
to be directly converted to a Petri-net. Petri-nets enable concurrency of tasks and non-
determinism on the order they will be performed. Optional transactions in the network of
dependencies correspond to the enactment of rights (or permits) that responsible actors
might choose to use or not. It follows the old Roman law tradition that states that the
option to act corresponds to an actor’s right. These optional dependencies are much
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easier to handle in a Petri-net than with a simpler state-machine, which would require
non-deterministic state transitions.

Our newly proposed notation offers a new layer of depth in the comprehension of the
modeled process with the use of specific symbols to represent other related processes.
In current DEMO’s PSD those would be represented as tasks or simply with some
connector to some transaction step. Our new way of depicting these processes improves
the readability of the limits of the scope being modeled.

If we directly compare the current way of modeling DEMO’s Process Structure
Diagram (Fig. 3 andFig. 4)with our newproposal (Fig. 6),we can notice a great reduction
in the representation complexity even though we have the same 18 transactions (or 16
tasks and 2 process references) of the model. This reduction is due: to the better use
of space of the task/process symbols as opposed to the PSD’s transaction symbol; the
reduction of the represented connectors, from 35 to 28 and the removal of the explicit
representation of actor roles. It is important to differentiate border transactions thus
our special symbols with color gradients to clearly depict external activation (external
initiating actor) or internal activation (external executing actor). The TDT is a much
better place to represent the concrete actor roles and organizational functions.

And our TDT ends up being a thorough Action Model by specifying both Action
Rules Specification (columns “Originating task(s)”, “Target task(s)”, “Waits for task(s)”
and “Conditions/Rules”) and as well as some work instructions (task descriptions often
include this).

Our practical experience in this project made clear that the term “task” is eas-
ier to understand by organization officers and, therefore, we propose that the DEMO
methodology should consider replacing the word “transaction” with “task”, at least in
the representations used in day-to-day work.

Our proposals and claims led to very interesting discussions during the confer-
ence which made clear that there is a strong need to improve the way to present and
communicate DEMO models. From these discussions we had the idea to propose the
development of a new Enterprise Engineering theory: the X-theory, taking the CHI
letter from the Greek alphabet and standing for Communication of Human-readable-
representations and Interpretation theory. Currently, DEMO’s representations and sym-
bols are not grounded in any theory and the work presented in this paper constitutes
initial empirical work in the direction of a clear separation between the meta-model
aspects of DEMO and the presentation of much more friendly representations of its
models to stakeholders/organizations that are easier to interpret. We should strive to
make the notation and language used more colloquial so it can be understood with a
simple explanation of a few minutes instead of requiring an introduction of complex
theoretical subjects. Our future work in real-world applications of DEMO will provide
further analysis and development of this theory.

7 Conclusions

In this paper, we propose a new way of representing and tooling the DEMO’s Process
Model, which fuses the Process Model contents with those of the Cooperation Model.
We argue that the CooperationModel should only show the composition of transactions,
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as depicted in the composition axiom [3] and that it should be renamed to its previous
name: Construction Model.

We propose the new artifacts of Process Diagram and Transaction Description Table
that constitute our vision for a new Process Model within the DEMO methodology.
These two new artifacts come out from the need for a more agile and comprehensive
solution to compile and present the essence of organizational reality when compared to
the traditional DEMO models.

The single diagram that we named Process Diagram presents all the information that
we deemed visually necessary to comprehensively depict the process while still being
easy (enough) to understand by any officer. We also created a Transaction Description
Table, where we could add more text-intensive relevant information in a structured way.
Our new representation of the PM is semantically richer by presenting task names closer
to day-to-day operations, while it clearly separates the concerns of process composition,
task causation, and task waiting. This also solves the problem of the “isolated” transac-
tions and clearly expresses, with color gradients, the tasks that are initiated by internal
actors and executed by external actors and vice-versa. It makes clear that, regarding the
links between tasks, dashed is optional and non-dashed mandatory. The composition
perspective is represented by the diamonds, the causal by arrows, and the waiting by the
double-crossed lines. We can also express the c-acts involved in the dependency links,
as well as its cardinality.

This work reveals that our approach can present the information more straightfor-
wardly and transparently, easier to be understood not only by the officers involved in
these processes but also by any citizen who needs to do building work. It confirms the
typical reduction of over 95% in the number of pages necessary to describe organiza-
tional reality, confirming previous studies with the DEMO methodology. Even though
the information is more accessible and easier to grasp in the diagrams, the Portuguese
Building Code’s complexity is still present in our description table, representing the
legal requirements and procedures in a comprehensive way.

One of our main research contributions is that the representations of reality in the
devised diagram and table are organized in a way that makes it much easier to understand
and find relevant information at any point in the process.

Although the present study provides valuable insights, there are a few limitations that
should be recognized and these provide threads for future research. Due to the limited
time and resources, we applied these diagrams to the urban appraisal division of the
town council of the city of Funchal that is highly structured due to the applicable law
requirements. Therefore, future work should explore these diagrams further by applying
them to other organizations, especially in areas that do not have such strict regulations.
These additional efforts will further confirm the validity of our work. Also, due to space
and time constraints, this paper does not include a formal evaluation of the current and
newly proposed representations, done by the town council officers, but preparation of
such evaluation are underway and will be submitted for publication soon.

Acknowledgments. Special thanks to the officers from the town council of Funchal that
contributed with their fruitful insights and feedback.
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Abstract. This paper reports on the current state of the DEMO Spec-
ification Language (DEMOSL). The Design and Engineering Methodol-
ogy for Organisations (DEMO) is a principal methodology in Enterprise
Engineering (EE), while the DEMOSL defines the accompanying inte-
grated modelling landscape.

DEMO provides a method to produce so-called essential models of
organisations, which are highly abstracted ontological models. For the
DEMOSL this implies that it should enable the integration of the dif-
ferent models used in organisations when they apply DEMO, while also
enabling tool support, visualisation, as well as the exchange of models.
This paper describes the state of the meta-models, as referenced in the
MU-theory, for the modelling and visualisation of DEMO models. The
purpose and examples of six of these models and meta-models are dis-
cussed, along with extensions of the visualisation of the DEMO models.
Moreover, modelling rules are presented that guide the modeller and tool
developer in creating diagrams and tables with their respective elements
and connections.

1 Introduction

The aim of this paper is to report on the current state of the DEMOSL. The
DEMO [3] is a principal methodology in EE [4], while the DEMOSL defines the
accompanying integrated modelling landscape.

DEMO provides a method to produce so-called essential models of organisa-
tions, which are highly abstracted ontological models. The first step in applying
DEMO is producing the so-called essential model of an organisation. An essential
model comprises the integrated whole of four aspect models: the Construction
Model (CM), the Action Model (AM), the Process Model (PM) and the Fact
Model (FM). Each of these models is expressed in terms of one or more diagrams
and accompanied by one or more cross-model tables.

The DEMOSL defines the accompanying integrated modelling landscape. As
such, it should allow for the integration of the different DEMO models used in
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organisations when applying DEMO, while also enabling tool support, visuali-
sation, as well as the exchange of models.

The DEMOSL, as discussed in this paper, involves a further elaboration and
refinement of the earlier version reported in [9]. The elaboration and refine-
ments are, amongst others, based on experiences with the establishment of an
integrated tool environment which supports the creation and management of
DEMO related models [10].

The remainder of this paper is structured as follows. Section 2 will briefly visit
the research methodological background of the research project. Since DEMO’s
modelling landscape is largely founded on the underlying Model Universe (MU)
theory [3], Sect. 3 will summarise the relevant elements of this theory. Using
this as a background, Sect. 4 provides an overview of the different models that
play a role in the DEMO modelling landscape. Section 5 is dedicated to the
discussion of the meta-models and how they have been used in the current tool
environment. This is followed (in Sect. 6) by a reflection n the experiences with
the implementation of the meta-models in an operational tool environment. This
discussion will also highlight some of the refinements and improvements that had
to be made in DEMO’s meta-model and earlier versions of the DEMOSL to make
them operationalisable in a tool environment. Finally, before concluding, Sect. 7
provides an outlook for future research.

2 Research Background

The research effort as reported on in this paper, aims to improve the DEMOSL
specification. The DEMOSL is available in a number of versions and at the
moment the reported research project commenced, the latest version was 3.7.
Moverover, this version had already undergone an initial validation [9].

Originally, the DEMOSL was designed to better understand the concepts
that need to be included in DEMO models. However, for the development of
automated tool support for DEMO, more details and specificity are needed than
is included in the original DEMOSL. This includes e.g. details about the graph-
ical layout of diagrams, exchange of models between tool environments, as well
as the specificity of the actual models. As such, the goal is the creation of a
version of the DEMOSL that is complete enough to automatically validate the
rules and restrictions involved in DEMO modelling using automated tools.

The resulting specification is divided into four kinds of models, and four asso-
ciated meta-models. These four model kinds need to comply with the require-
ments as stated in [10]. The required meta-models for the tooling have been
iterated to specifically fulfil the following three requirements (see [10]):

1. The tool must support the interchange of models.
2. The tool must support the creation of all four aspect models of DEMO.
3. The tool must allow for model verification against the DEMO meta-model,

DEMOSL.
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Next to these requirements, the meta-models need to be “build” on top of the
MU theory, which is a foundational part of DEMO [5] and was known in a
previous iteration of DEMO as Factual Knowledge [3].

From a research methodological perspective, the research effort as reported
on in this paper, uses the Design Science Research (DSR) approach [1,12]. In
design science terminology, the DEMOSL is an artefact. In applying the design
science research approach, the development of the DEMOSL is rooted in the
existing EE and DEMO body of knowledge (enabling rigour), while allowing for
the iterative improvement and refinement of the artefact in terms of experiments
and cases (enabling relevance). The latter involve(d) experiments in terms of the
implementation of DEMOSL in an enterprise-grade tool environment [10], as well
as the application in real-world cases.

3 MU Theory

The MU-theory provides the theoretical foundation of the notions of model,
modelling, and modelling language as used in DEMO. The most recent version
of the MU-theory has been presented in [5].

Given the aim of the reported research to further evolve the accompanying
DEMOSL, the MU-theory is considered as a fixed and pre-defined part of the
knowledge base (in design science terms). In this section, we highlight some of
the key elements of the MU-theory that are relevant to the understanding and
positioning of the remainder of the paper.

The MU-theory theory adopts Apostel’s [2] definition of model: “Any subject
using a system A to obtain knowledge of a system B, is using A as a model of
B.” This definition conveys the basic understanding of the notion of model as
being a role [5].

A key part of the MU-theory is the General Conceptual Modelling Framework
(GCMF), as depicted in Fig. 1. The MU-theory uses the term complex to refer
to systems in the general sense, as used in Apostel’s [2] definition of model.
However, since DEMO uses its own (more specific) definition of system, the
term complex is preferred when speaking about modelling in general (as is the
case for the MU-theory).

The basic thinking underlying the GCMF is based on the semiotic triangle
by Ogden and Richards [11]. In line with this, the MU-theory refers to the
phenomena we observe and interact with in reality as concrete complexes, while
the conception of these complexes an actor harbours in their mind is referred to
as the conceptual complexes, and a resulting symbolic representation (such as a
diagram, a narrative description, or an XML document) as symbolic complexes.

When combining this with Apostel’s definition of a model, then one can state
that when such a complex A is used to obtain knowledge of a complex B, then A
is said to be a model of B. As a corollary to this, one can (using the terminology
from the MU-theory) distinguish between concrete models, conceptual models
and symbolic models.

The MU-theory states that the creation of a conceptual complex needs a
prescription, called a conceptual schema. It is furthermore assumed that a con-
ceptual complex can only be created in the mind of some actor observing a
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Fig. 1. The general conceptual modelling framework, adopted from [5]

domain, if they already have a conceptual schema in terms of which they can
observe the world. This is indicated by the red curved arrow in Fig. 1. As such,
a conceptual schema limits the observable world (of an actor). The MU-theory
also states that a modelling language essentially involves a combination of a
conceptual schema and a corresponding symbolic formalism that provides the
symbolic representation of the conceptual schema.

The DEMOSL is targeted at the schema level of Fig. 1. In other words, it
should provide a symbolic formalism corresponding to the conceptual schema(s)
used by the different model (and diagram) kinds within DEMO. As illustrated
in Fig. 1, the MU-theory also identifies a meta level involving a meta schema
and a corresponding symbolic formalism. This is where, in our case, we will find
UML class diagrams and XML Document Type Definitions (DTDs) to define
the DEMOSL.

The MU-theory also provides global guidelines on how to create the vari-
ous levels of complexes and schemas. Finding a lower level from a higher level
can be accomplished by deduction, which also provides a good method for the
verification of models. Induction can be used to derive the meta level from exam-
ples. In doing the latter, it can be helpful to transform graphical languages into
structured textual languages, called verbalisation. We used both deduction and
induction methods to create meta-models and DEMO information models which
we will describe in the next sections.
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4 Perspectives on DEMO Models

Before we proceed to a discussion of the meta-models involved in the DEMOSL,
we need to distinguish between three perspectives on the models used when
applying DEMO. These are illustrated in Fig. 2.

The first perspective is the methodology perspective. Even though it pro-
vides a thorough theoretical basis, the DEMO methodology book [5] was pri-
marily written to teach learners (students and practitioners) to create models
in accordance with the DEMO way of thinking, and draw (human to human)
communicable models to reason about the organisation. Since the book puts the
priority on “doing”, when introducing the different model kinds, there was no
need for a strict meta-model. Furthermore, the formalisation(s) provided in the
book aim to support didactic goals rather than the development of automated
modelling tools. As such, it was never meant to provide a detailed formalisation
and meta-models, that would enable the development of, and automated support
for, the methodology. As discussed in [7], different meta-modelling and formal-
isation goals will/should also result in formalisations with different level(s) of
detail/specificity.

Model 
exchange 

perspec ve
Language 

perspec ve
Methodology 
perspec ve

MU
theory

Opera onaliza on

Fig. 2. DEMO model perspectives

When using DEMOSL as base for tool development, then it should indeed
provide a more complete and detailed formalisation and meta-model; taking us
to the language perspective. This is the perspective where it should be possible
to (automatically) reason about models and meta-models, to e.g. support model
verification. This requires the formalisation of the language definition in a format
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that lends itself better for automatic processing [7]. It also requires the comple-
tion and operationalisation of the ontological meta-models as included in the
methodology perspective; in particular the rules and constraints to be applied
to the actual models.

The last model exchange perspective concerns the exchange and storage of
model information. Reasoning about models is only possible when everybody
has the same notation of the model and the notation enables the reasoning in
the meta-model.

The notation used must be the same across different modelling tools. There-
fore, the meaning of the elements and attributes must be well defined. Moreover,
the notation must enable the reasoning within the exchange model to be able to
check consistency of this model. In addition, the internal consistency needs to
be correct and needs to be checked before the model can be converted back to
the language perspective.

5 Overview of the Meta-models

In this section the new meta-models will be presented. These meta-models add
information, structure and completeness to the existing version of DEMOSL. Our
research concluded that without these improvements the automatic validation
and exchange of DEMO models using tooling is not possible.

Figure 3 shows the landscape of meta-models that together have the capabil-
ity of modelling organisations using DEMO. The landscape is depicted as a three
dimensional framework, projected on top of the framework from the MU-theory.

The two levels that have been projected on top of the framework from the
MU-theory correspond to the distinction as discussed in Sect. 4.

The language perspective is the part that is implemented in terms of soft-
ware, in order to reason about the (ontological) model itself, the way it may be
exchanged, as well as how these could/should be visualised.

The visualisation perspective is concerned with the way an actual DEMO
model is to be visualised in terms of diagrams. This leads to a visualisation model
conform a visualisation meta-model. A visualisation model involves a set of visu-
alisation attributes (position, size, colours, etc.) on top of an (visualised part of)
ontological model. The visualisation meta-model describes these attributes and
contains the scripting and data structure of the diagrams. Restrictions on the
allowed elements, attributes, and connections in a diagram are also formalised
in the visualisation meta-model.

Below, we discuss all mentioned models and meta-models from right to left,
from the top to the bottom of Fig. 3.

5.1 High Level Ontological Meta-model

The high level ontological meta-model of DEMO is depicted in Fig. 4. The dia-
gram shows the existing property types and concepts in black. The new property
types and concepts that result from this research have been added in red. This
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high level ontological meta-model is the base for the ontological meta-model of
Sect. 5.2.

The high level ontological meta-model is the meta-model that is closest to
the meta-model that lists all ontological principles of DEMO models [3]. For
example, ontologically, the Composite Actor Role (CAR) cannot be an initiator
of a transaction kind because an underlying elementary actor role must be the
initiator. Therefore, this property type does not exist in the high level ontological
meta-model.

5.2 Ontological Meta-model

In contrast with the high level ontological meta-model, the ontological meta-
model (see Fig. 5) contains all implementation attribute types and property types
for the DEMO meta-model. The ontological meta-model also includes property
types between the concepts.

The example mentioned in Sect. 5.1 about the CAR not being an initiator
is not valid in this ontological meta-model. Whenever one designs a CAR that
initiates the transaction, this property type instantiation must be present in the
model and needs a representation in the ontological meta-model. Therefore, the
ontological meta-model also has the property type ‘AR is an initiator of TK’ from
the CAR to the Transaction Kind (TK). Furthermore, mathematical rules have
been designed to make sure only the correct property type instantiations can be
present in the final ontological model.
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Fig. 4. High level ontological meta-model

The table shown in Table 1 provides all allowed Property Types between the
objects of this meta-model.

5.3 Data Exchange Meta-model

The concept of a data exchange meta-model is intertwined in the concept of the
ontological meta-model. We describe the data exchange meta-model in terms
that a computer can understand.

We choose to represent the data exchange meta-model in XML Schema Def-
inition (XSD), which is a commonly used technique. The alternative structure,
XML Metadata Interchange (XMI), has no broad implementation and, there-
fore, we rejected it as a candidate. The data exchange meta-model represents
all entity types and property types of the ontological meta-model. This data
exchange meta-model is unambiguously readable for a computer. The proposal
of a DEMO exchange format [13,14], based on DEMO 2, is a good start for
our exchange meta-model. Despite the current version of DEMO, at moment of
writing, is version 4, the modelling itself has not changed and is equivalent to
DEMO 2. No attempt has been done to upgrade the proposed formats to DEMO
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Fig. 5. Ontological meta-model

3 before. Above all, we have based our research at DEMOSL version 3.7, and,
therefore, this version is an upgrade of the existing format. DEMO 4 introduces
a new element but does not invalidate DEMO 2 or DEMO 3 models and, thus,
the choice for these older models are still valid. In future research this exchange
model has to be adapted to the features of DEMO 4. The existing paper [14]
proposes a data exchange meta-model for the FM and the CM. The XSD for CM
proposes the storage of the id, name, initiator(s), executor, and information link
and result type. This information is based on older DEMO specifications and,
therefore, lacks essential information from the current version. We will build this
XSD structure for every element type in the new DEMOSL proposal structure.

The first structure is the name element. The whole DEMO model has a name.
Every component has an internal id. We will not mention these attributes while
using the data meta-model, but we will model it.

The next structure is a Global Unique IDentfier (GUID) element. A GUID
identifies all types and kinds within the exchange model and is a 128-bit number
used to uniquely identify information in computer systems.

Another structure are rule elements. Rules restrict the naming of the elements
used in e.g. a CM. One of the rules we will mention in this paper is the transaction
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Table 1. Element property types

To → ETK ATK EAR CAR ET CET TPSK AR
From ↓
ETK – c e ce – – – –
ATK – c – – – – – –
EAR ia a – c – – – –
CAR ia a – c – – – –
ET o – – – xsrg – – –
CET o – – – – – – –
TPSK c – – – – – iy tlwh
AR – – – – W – – –

Property Types

[c] contained in

[o] concerns

[i] initiator

[e] executor

[a] access to bank

[s] specialisation

[r] aggregation

[g] generalisation

[t] then

[l] else

[w] while

[h] when

[W] with

[x] excludes

[y] wait

[f] role of

kind name. The name is built up of lower case words as specified in DEMOSL
[6]. The XSD notation enables enforcing this rule. Note that we allow giving no
name for practical use purposes.

Listing 1.1. XSD example: Transaction kind

<xs:complexType name="TransactionKind">

<xs:sequence>

<xs:element name="Identification" type="TransactionKindId"></

xs:element>

<xs:element name="Name" type="TransactionKindName"></xs:element>

<xs:element name="TransactionSort" type="TransactionSort" default="

unknown"></xs:element>

</xs:sequence>

<xs:attribute name="Id" type="TransactionKindGuid" use="required"/>

</xs:complexType>

This exchange rule set described in XSD can sufficiently restrict field content
for each TK. The full set of XSD specification is already available for evaluation
purposes to some research groups. The full specification with examples will be
available to the public at the end of the research program. More information on
the location of this specification will be published on multiple sites1.

The CAR is the embodiment of multiple actor roles at once. This concept
allows for modelling the unknown actor role or the ‘don’t want to know’ actor
role. In the DEMO methodology the concept of Scope of Interest (SoI) is used
to restrain the modelling effort to a selected portion of the organisation. Absent
from the DEMOSL meta-model [6], is the SoI itself. To be able to model this
concept it could be added, but closer examination of the concept reveals that
CAR represents the same information and is, therefore, used for this concept.

1 http://demo.nl and http://teec2.nl.

http://demo.nl
http://teec2.nl
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5.4 Visualisation Meta-model

Communicating a graphical representation of a DEMO aspect model is not triv-
ial. We could choose to communicate the image format in BitMaP image file
(BMP), Portable Network Graphics (PNG) or Scalable Vector Graphics (SVG)
formats. These formats would give the model interpreter a visualised repre-
sentation, but would lack the underlying linked model information. We could
also transform the graphical representation into a standard commercial format
like Microsoft PowerPoint XML Presentation (PPTX) or Microsoft Visio XML
Drawing (VSDX), but that could cause vendor lock-in. Instead of these formats,
we chose to create only the essential attributes of the kinds and types of the dia-
gram. This point of view is new compared to DEMOSL [6], which only describes
visual properties and the exchange format [14] that does not address any visuals.

When we represent elements in a visualised graphical format, the location of
the element on the diagram is an essential property. The location type attribute
is available for purposes that might differ between software implementation.
Next, the size, on the other hand, is used to visualise elements within a diagram.
Finally, we define a line as a visualised connection between two or more points.
It has a starting point, an endpoint and optionally several midpoints to create
a path.

The table shown in Table 2 provides all allowed Property Types between the
objects of this meta-model, while below we discuss more specific visualisation
details of the various aspect models.

Construction Model – The Organisation Construction Diagram (OCD) is a dia-
gram that expresses a part of the CM. More specifically, it contains the TK,
Aggregate Transaction Kind (ATK), Elementary Actor Role (EAR) and CAR
concepts. The visualised property types are the initiator, executor and access
property types (see Table 2).

The representation of the OCD is used for the communication of the CM.
The OCD allows TK, ATK, EAR, CAR as valid elements and initiator, executor
and interstriction as valid property types.

The visualisation of the transactions and their products is a table with four
columns called the Transaction Product Table (TPT). The transaction kind
identification, the transaction kind name, the product kind identification and
the product kind formulation. The first two columns can be filled by transaction
kind attributes Identification and Name. The last two columns are the properties
Identification and Name of the Independent Fact Kind. These two elements have
a one-on-one relation and always exist.

We argue that the concept of SoI is equivalent to the concept of CAR within
modelling the CM. When starting to model an organisation, the first actor inside
the SoI is a composite actor role. The methodology describes that this actor role
stays in place until one is able to retrieve the information to redesign the internal
actor roles of this composite actor role into a white-box model. The CAR does
not vanish. The CAR becomes equal to the SoI [9]. Therefore, the only difference
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Table 2. Diagram entity and property types

Diagram →
Entity Types ↓

OCD PSD TPD OFD ARD RHD AFD ..

ETK X X X X – – – –
ATK X – – – – – – –
EAR X X – – – X X –
CAR X X – – – X – –
ET – – – X – – – –
CET – – – X – – – –
TPSK – X X – X – – –
AR – – – – X – – –
Property Types ↓
[c] contained in – – – – – X – –
[o] concerns – – – X – – – –
[i] initiator X X – – – – – –
[e] executor X – – – – – – –
[a] access to bank X – – – – – – –
[s] specialisation – – – X – – – –
[r] aggregation – – – X – – – –
[g] generalisation – – – X – – – –
[t] then – – – – X – – –
[l] else – – – – X – – –
[w] while – – – – X – – –
[h] when – – – – X – – –
[W] with – – – – X – – –
[x] excludes – – – X – – – –
[y] wait – X – – – – – –
[f] role of – – – – – – X –

between an SoI and a CAR is its appearance in the diagram. The boundary
transactions of the SoI are the interacting transactions in the diagram.

One could still argue that an SoI could be smaller than all transactions that
interact with the CAR. This can be illustrated with an extra transaction to CA0
in the construction model. The question that remains is whether the CAR, used
as SoI is the same in the diagram as in the model. In practice the SoI never
exceeds the diagram boundaries and therefore, de-facto, the CAR can be used
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for the same purpose. When using the CAR as SoI some nice features for the
hierarchy of actor roles appear.

This being said, combined with the ability to nest CARs it becomes clear that
an EAR within multiple CAR is not modelled as a construction. It is possible
to model this hierarchy as a functional structure, though this is not ontological.

Process Model – In the Process Structure Diagram (PSD) the initiation of the
first request is done using the relation ‘is initiated from’. This would be sufficient
if a step is always initiated from the same step. When, instead of the promise-
step, another step is used for initiation this cannot be modelled. Therefore, the
relation has to be remodelled as a self-reference in Transaction Process Step
Kind (TPSK) ‘TPSK is initiated from TPSK’.

The PSD is a diagram that contains elements from the PM. More specifically
it contains the TK, EAR and CAR. The visualised relations are the call-link and
the wait-link relations. The Transaction Pattern Diagram (TPD) is a diagram
that contains elements from the PM. More specifically it contains the TK and
TPSK. The visualised relations are the process order, call link and the wait link
relations (see Table 2).

Fact Model – The DEMOSL ontological model has some concepts that have
made it directly to the ontological model of the fact model. Fact Type and
Entity Type have been added to the data model in the same form. Other con-
cepts will be removed or reduced because of the following reasoning. First, the
Constructed Entity Type is a concept that allows reasoning about the specialised
entities derived from an Entity Type. In a less conceptual model this results
in the Entity Type like the generalisation relation between Constructed Entity
Type and Entity Type already suggests. The same holds for a generalisation and
aggregation of this constructed entity type. Both relations end in the Entity Type
Set which, in turn, is an Entity Type concept on its own. This leaves the three
relations as self-relations on the Entity Type. Next, the Event Type concept is
a data perception of the process events of transaction kinds and TPSK. Events
are related to C-acts and C-facts and only concern a concept in the P-world.
Therefore, the concerns relation is created between the elementary transaction
kind and the Fact Type concept.

The Object Fact Diagram (OFD) is a diagram that contains elements from
the FM. More specifically it contains the Independent P-Fact Kind (IFK), Entity
Type (ET) and Attribute Type (AT). The visualised relations are the reference,
specialisation, aggregation and the concerns relations (see Table 2).

Action Model – The AM is the aspect model with the largest number of details
about the enterprise. These details build on the CM, PM and the FM. Therefore,
references to these aspect models should be used in order to keep the AM con-
sistent with the other aspect models. Traditionally the Action Rules Specifica-
tion (ARS) is specified in a natural language, restricted by a partially grammar.
This allows for freedom of expression while being readable by humans. Though
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the advantage of the readability is large, the disadvantage of the not-strict nat-
ural language makes it difficult, and at this moment even impossible, to do an
automated model verification and validation. Where the three other aspect mod-
els always have been described in a graphical way, the AM has been described
within a grammar construction. This complicates communication towards differ-
ent users of these models. All aspect models should have a textual and graphical
representation of at least the most essential features of the model.

We added a graphical representation to the AM and improved the grammar
of the ARS. All grammar references to other elements of the DEMO model have
been connected in the action model.

The AM is the least developed and used aspect model of DEMO. For automa-
tion we need this model to represent all details about business rules and their
relations to facts and processes.

The AM has no graphical representation in DEMO 3.7. One might argue
that the separation of the event part, assess part and result part are actual AM
graphical representations due to the fact that these sections of the grammar are
often visualised with a background colour in educational slides. Nevertheless,
these representation is not more or less that the colouring of a grammar in a
modern integrated developing environment. The existing AM has four essential
features.

1. Linked to a TK, it needs parameters (with-clause) to verify that all essential
information is present to perform the step.

2. Linked to another step, it has to wait for other TKs to finish.
3. Inner conditions have to be checked.
4. Based on the conditions the linked follow-up actions have to be triggered.

Except for the feature three, the features have a connection to other parts of
the model. Connections can be visualised as a line, like it has been done in the
other three aspect models.

Let us define the connections for the AM.

– With – The with-clause connects several attributes of entities (from the FM)
to either the agendum-clause, while clause of action clause. These connections
will be represented with an solid line with a winged arrow head. The with
connection can connect to the when, while and action clauses.

– While – The while clause connects a different transaction step (from the PM).
This connection will be represented with a dotted line with a solid arrow, just
like the wait link in the PSD.

– Action – The action clause connects a transaction step with another step.
This is the same connection as a call link in the PSD.

Figure 6 gives an impression of the visualisation of this Action Rules Diagram
(ARD). While not all arrows have been drawn to the right specifications, this
early representation does give a instantiated view on the meta-model.

When we follow the example of Fig. 6, and start at the TPSK1 placed on
the top of the diagram, we can see the process unfolding. For the TPSK1 the
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Fig. 6. ARD representation example

Action Rules Kind (ARK) ARK1 is the action rule that needs to be evaluated.
In the when clause the required information can be expressed as entity and
attribute types. In the following step, the while clause, the process can wait
on the completion of the TPSK 5. When these steps have been completed the
assess clause is evaluated whether the conditions, that reference the information
in ET2, are true. When these conditions are evaluated the then clause triggers
TPSK2 and the ARKs 2 and 6 are evaluated.

Action Rule Specification – The information in the existing AM is not detailed
enough to validate a model. After analysing the existing, published action spec-
ifications we created a grammar that closely represents the existing examples
and matches the wishes of the expert group that helped to create the exchange
model. The verbalisation used in the DEMOSL grammar of the AM can also be
specified in relations to the other aspect models. These relations are described
in the ontological model.
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5.5 Visualisation Exchange Meta-model

All element that have been described in the previous section have a visualisation
element in the exchange meta-model. The structure of the visualisation elements
is similar to the data exchange meta-model structure. All visualisation elements
reference the data elements in the same model. The visualisation elements add
the visualisation attributes for the specific diagram to that information (e.g. size,
location, waypoints) (Fig. 7).

5.6 Models and Exchange Models

Due to the origin of the research topics, publishing created models is not possible.
One of the cases was modelling dutch NEN norms that confirmed that this type
of organisation can be modelled using DEMO (Fig. 8).

Fig. 7. Visualisation exchange TransactionKindElement

Exchanging DEMO models with other tools also needs other tools with the
same meta-model implementation. The only tool that has this meta-model in
place is a gamification tool. This information exchange has been tested success-
fully (Fig. 9).

6 Reflection

The research effort as reported on in this paper, took the description of DEMOSL
3.7 as its starting point. In DSR terminology, the meta-model that was created
from this specification was the first iteration of the DEMOSL artefact. Using all
model from the DEMO book [3], and associated course material, we created a
second iteration.

Based on the meta-model of the second iteration artefact, a tool was cre-
ated [10], which has been used in practice to model organisations. In doing so,
all missing modelling elements have been added to the model and to the tool and
used in successive cases. After more than seven real live cases we are convinced
that the CM, PM and FM are fairly complete to hold all elements and property
types needed for modelling DEMO.
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Fig. 8. Partial NEN example

The AM was not complete enough, but has improved a lot compared to the
original version. These are not only elements that could be missing in the tool
and the meta-model, but often challenge the theory as well because the obvious
parts of DEMO can be modelled with more ease than before.

A major challenge in DEMO visualisation remains the potential variety of
stakeholders [8]. The more types of stakeholders the larger number of viewpoints
might be needed. To aid in bridging the gap between stakeholders in practice,
we added a functional concept to the construction model. This is the functional
value that the organisation gives to the construction model in its organisation.
This one-on-one functional translation is the first step to connect the functional
business and construction domains of DEMO.
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Fig. 9. Gamification scene

We also did our first steps in developing the eXtended Organisational Essence
and Revealing (XOER) method. Modelling all viewpoints at the same time looks
promising as it helps modelling and thinking.

During practical use of DEMO models, we encountered some diagrams that
were needed to fully represent the model. First, there is the Actor role Function
Diagram (AFD). This diagram can be represented in an Actor role Function
Table (AFT), but that representation has limited readability. The AFD is the
graphical equivalent of the AFT.

The AFD is a diagram that contains elements from both the CM and the
implementation world. More specifically it contains the EAR and CAR.

Summarizing these reflections, we made adjustments in the DEMOSL to
reflect practical needs in DEMO modelling and to enable automation of the
modelling and validation of these models. Furthermore, we added steps in the
methodology to cover a wider perspective of the modelling needs that do not
necessary belong to the ontology domain, but surely are adjacent and often
more visible to business stakeholders. We find the extensions to DEMOSL to be
relevant and useful.

7 Future Research

The upcoming iteration of XOER, on which the work has been started as we
write this paper, will help us to make this method describable and educable. It
will also be subject to an expert group for validation of the meta-model and the
used representations.

In a parallel track we are also adding the concepts that are needed for the
implementation of the (DEMO-based) VISI2 standard for the Dutch construction
sector; which are now part of the current meta-model.

2 https://www.crow.nl/downloads/pdf/contracteren/visi/visi-systematiek-doelstellin
gen-grondbeginselen-be.aspx.

https://www.crow.nl/downloads/pdf/contracteren/visi/visi-systematiek-doelstellingen-grondbeginselen-be.aspx
https://www.crow.nl/downloads/pdf/contracteren/visi/visi-systematiek-doelstellingen-grondbeginselen-be.aspx
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More research is needed on the visualisation of the created DEMO models. A
current project is used to investigate the influence of projecting well-known con-
cepts on the explanation and visualisation of DEMO concepts. Although these
concepts might not be completely correct, it might improve the acceptability of
DEMO as a methodology.

8 Conclusion

In this paper, we discussed the current state of the DEMOSL. In the context of a
design science based research effort, the DEMOSL is being refined and extended
such that it can serve as a base for automated tool development. We have now
reached a stage where the meta-model is sufficient to automate the modelling
and validation of the model. Furthermore, the extension of the DEMOSL makes
it more comprehensible for people to create information models that support
modelling in or with DEMO.

As a next step the meta-models will be extended even further to completely
support DEMO 3 and the successor DEMO 4. Development on the methodology
needs support in the meta-models, information and automation.
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Abstract. This paper reports the findings and insights obtained from the appli-
cation of a DEMO-based methodology in a collaboration project with the town
council of Funchal, city of Madeira Island, on the subject of the Portuguese Build-
ing Code of law. As agreed with the council, one of the goals of this project was
to model the universe of discourse of their Urban Appraisal Department. Its activ-
ity is subject to very complex legal restrictions encompassing several knowledge
domains such as architecture, engineering, etc. The unique circumstances and
requirements of the project motivated a novel version of DEMO’s Fact Model.
Specifically, 510 surveyed facts, composed of 65 concepts and 445 composing
attributes along with their rationale, were specified in two main artifacts presented
in this paper: the Fact Diagram and the Fact Description Table. Moreover, 567
combinations between 119 types of application deliverables and 21 types of urban
operations - all of which potentially subject to future changes - were considered
as instances of concepts in type-square structures related to application deliv-
erable management. Our main research contributions are the synthetization and
expressive power of the improved Fact Model, which allowed us to overcome the
complexity and intricacies of legislation and create representations that are easily
understood and productively discussed by the full range of stakeholders regardless
of their technical prowess, experience, or background.

Keywords: Enterprise engineering · DEMO · Fact model · Fact diagram ·
Building code · Building appraisal process

1 Introduction

Contemporary information and communication systems are key to organizations’ suc-
cess and can be a major driver of organizational changes and transformations [1]. The
effective transition of strategy into infrastructure requires extensive activity on both the
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organizational design and the information systems design to create, respectively, effec-
tive organizational infrastructure and effective information system infrastructure [2].
Organizations implement information systems to improve their effectiveness and effi-
ciency, but the achievement of this goal depends on the capabilities of the information
system and the characteristics of the organization [2].

The DEMO (Design and Engineering Methodology for Organizations) is based on
the PSI theory of Enterprise Ontology. It studies the organizations’ operational essence
[3]. DEMO’s Way of Modelling comprises a set of models and diagrams to represent an
organization. They are correlated with each other, representing organizational reality in
a coherent and platform-independent way [4]. However, we argue that the current syntax
and semantics of DEMO’s Fact Model is too complex and cluttered, being difficult to
interpret by laymen.ApplyingDEMO to anUrbanAppraisal Department, subject to very
complex and strict legal requirements and procedures, allowed us to refine improved
representations for the Fact Model while respecting the main theories and concepts
behind DEMO.

This paper is organized into six sections. We start by presenting our research method
and motivation, followed by theoretical foundations. We then proceed to introduce our
practical project, followed by the presentation of our proposal for a newway to represent
DEMO’s Fact Model. We then proceed to a discussion section and wrap up with some
conclusions.

2 Research Method and Motivation

According to the design-science research, an artifact’s building helps to better understand
a design problem and its solution [2]. However, as technical knowledge grows, IT has
been applied to new areas [1], making the design of useful artifacts complex due to the
need for creative advances in domain areas in which existing theory is often insufficient
[2]. Nevertheless, the resultant IT artifacts extend the boundaries of human problem
solving and organizations’ capabilities by providing both intellectual and computational
tools [2].

In this work, we took into account the Seven Guidelines for Design Science in
Information Systems Research [2] and followed the Design Science Research Cycles
[5]. The Relevance Cycle connects the project’s contextual environment with the design
science activities [5]. We have defined our work’s scope based on the intricacies of the
Portuguese Building Code (PBC). The requirements and procedures for municipal urban
appraisal are very complexwithmany vague and ambiguous elements and, consequently,
the PBC is applied ambiguously across the country. An orderly way of representing all
concepts would aid the officers at urban appraisal departments in their daily tasks and
might even facilitate the legislator’s work, especially when introducing changes to the
law. The Rigor Cycle connects the design science activities with the existing scientific
foundations, experience, and expertise [5], ensuring an innovative artifact. This paper
presents two artifacts built to thoroughly identify the facts necessary for urban appraisal
processes according to the PBC. The Design Cycle iterates rapidly between the core
activities of building and evaluating the design artifacts and processes of the research,
incorporating the feedback to refine the design further [5]. Artifacts presented in this
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paper were the target of several iterations of improvement which, in turn, were assessed
in the criteria of completeness, simplicity, elegance, understandability, and ease of use by
a highly experienced urban appraisal team. Their feedback was repeatedly incorporated
into the redesign of the artifact until the current interaction presented in this paper.

3 Theoretical Foundations

3.1 PSI Theory and DEMOMethodology

DEMO (Design and Engineering Methodology for Organizations) is based on the PSI
theory, which studies organizations’ operational essence, that is, the construction per-
spective on enterprises, disregarding all functional aspects [3]. According to the PSI
theory, every organization’s operation is a network of transactions [6]. Coordination
acts (c-acts) are the key elements in (business) conversations, which are the constitut-
ing parts of (business) transactions [6]. This interaction between subjects (initiator and
executor) follows a certain path along the complete transaction pattern [3, 4]. Perform-
ing a c-act results in creating the corresponding coordination fact (c-fact) and affects
the coordination world (c-world). C-acts are how actors enter into and comply with
commitments towards achieving a certain p-fact [6]. P-facts affect the production world
(p-world). When active, actors take the current state of the p-world and the c-world into
account. This is the operational principle of organizations, also known as the operation
axiom [4]. All transactions go through the four C-acts of request [rq], promise [pm],
declare [da], and accept [ac]. This sequence, known as the basic transaction pattern,
only considers the regular flow where everything happens according to the expected
outcomes. All these five mandatory steps must occur to origin a new production-fact
(p-fact). The complete transaction pattern also considers other c-acts, including revoca-
tions and rejections that may happen at every step of the regular flow [6]. This is called
the transaction axiom [4] and is universally applied [6].

DEMO’s Way of Modelling comprises a set of models and diagrams to represent an
organization. The referred aspect models are the Cooperation Model (CM), the Action
Model (AM), the ProcessModel (PM), and the FactModel (FM) [7]. They are connected
to each other through the central concept of transaction and represent organizational
reality coherently and in a platform-independent way [4]. The CM specifies the orga-
nization’s construction and transaction types and is the most concise one [7]. The AM
of an organization is the ontological model of its operation, that is, the manifestation of
the construction over time [7]. The action rules are composed of all the other models’
information, being one of the most important models on the methodology [4]. The PM
of an organization is a model of the (business) processes that take place as the effect of
acts by actors [7]. The PM of an organization connects its CM and AM, as far as coordi-
nation is concerned. The FM of an organization is a model of its organizational products
[7]. In systemic terms, it is a specification of the state space and the transition space
of the production world [7]. Regarding the state space, the FM contains entity types,
value types, property types, and attribute types relevant for the modeled organization
and the existence laws that apply. While regarding the transition space, it represents the
event types and the occurrence laws [7]. The FM of an organization connects its CM and
AM, as far as production is concerned. An FM is expressed in an Object Fact Diagram



176 B. Gouveia et al.

(OFD), supplemented by Derived Fact Specifications and, optionally, by Existence Law
Specifications.

3.2 MU Theory

TheModel Universe Theory (MUTheory) is, generally, about models andmodeling and,
in particular, about conceptual modeling [8]. It proposes the GOSL (General Ontology
Specification Language), a first-order logic language for specifying the state space and
the world’s transition space. It is the successor of WOSL (World Ontology Specification
Language), presented in [9], which in turn was inspired by ORM [12]. In Fig. 1, we
have the FM’s OFD of Case Library taken from [10]. We use it to explain GOSL as it is
central to this paper’s research contribution.

Fig. 1. FM’s OFD of Case Library [10]

TheGOSLsyntax is as follows.The round rectangles (without diamonds inside) (e.g.,
“PERSON”, “MEMBERSHIP”, “MONTH”) represent entity classes, thus extensions of
entity types. In these rectangles, we can also represent the accepted domain and range
of the accepted values (e.g., “place of residence {PLACE}” of an entity “PERSON”).
When the name in the round rectangle is between {}, it represents a Value Type instead
(e.g., “{YEAR}”). Lines with an arrow in the middle can be considered as collections of
separate mappings from elements as seen between “LOAN and PERSON (“the penalty
payer of [loan] is [person]”). In terms of cardinality, the ends of connectors generally
mean 1. If a range string is present (e.g., 1..*) it denotes the minimum and maximum
cardinality applying to that end (e.g., a “BOOK CATEGORY” can be related from 1 to
an undetermined number of instances of “BOOK TITLE”). Diamonds represent event
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types (i.e., the p-facts of transactions) that apply to each class (e.g., “[membership] is
started” affects class “MEMBERSHIP”). Triangles with a “ +” sign inside are gener-
alizations. There is no example in Fig. 1, but a good example is that of “VEHICLE”
being a generalization for “CAR”, “BOAT”, or “AIRCRAFT”. A “*” sign inside means
aggregations (e.g., “MEMBERSHIP a {YEAR}” is an aggregation of “MEMBERSHIP”
and “{YEAR}”). The dashed lines with an arrow at the end are specializations (e.g., we
could have “STUDENT” or “ELDERLY” as a specialization of “PERSON”). The round
rectangles with diamonds inside are also specializations of entities but in the form of
event type (e.g., “PENALTY PAID LOAN” is a specialization of “LOAN”).

3.3 Type Square Pattern

The type square pattern [11] addresses the challenge that object-oriented programmers
often face of not knowing beforehand the number of subclasses that are needed to model
the system effectively. The type square pattern derives from the type-object pattern
applied twice. Firstly, to separate the entities (instances) from their entity types and
then, secondly, to separate properties (values) from their property types. It simply turns
known and unknown subclasses into simple instances of a generic “Entity Type” class.
Likewise, the instances of the sub-class itself become instances of a generic “Entity”
class, as depicted in Fig. 2.

Fig. 2. Type square pattern [11]

A reported advantage is the possibility of subclass creation through dynamic and
runtime instantiation of the generic “Entity Type” class. Instances of the subclass can
then be created similarly by instantiating the “Entity” class. Likewise, State defini-
tion for subclasses and their respective instances is the Property and Property Type
classes’ responsibility. The proliferation of a considerable number of subclasses is also
minimized, albeit at the cost of implementing the logic of the system at instance level.

4 Project Presentation

This paper is based on a study requested by the town council of the city of Funchal, to
model their urban appraisal process.

It is the responsibility of the municipality’s urban appraisal division, which is under
direct tutelage of the territorial planning department, to handle the requests regarding
permits for all kinds of building construction work, land allotment, and other urban
operations within the city of Funchal.
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Being the capital ofMadeira, an autonomous regionwith its own political and admin-
istrative statute, Funchal’s territorial planning is regulated not only by the Portuguese
legislation in general, but also by regional decrees and local adaptations to the citywide
urban planning scheme, all of which have a significant impact on how urban appraisal
is conducted.

A new software system to manage the urban appraisal process will soon be imple-
mented, and thorough models of the process and related information will be of high and
essential value for successfully implementing and parametrizing the future system.

The challenge was to identify, structure, and describe every kind of fact that can
influence the life cycle of urban appraisal process instances in a comprehensive fashion.
The information to be modeled ranged in type (e.g., dates or documents), size (e.g.,
a simple completion date or a full-blown allotment plan), and granularity (e.g., the
liability statement included in a demolition plan). It was surveyed from various sources
including legislation, regulations, internal documents, or meetings with officers of the
urban appraisal division. It is to be noted that, although the request was focused on the
current state of the urban appraisal process (AS-IS), the intention was also to collect
insights regarding insufficiencies and possible deadlocks, that could surface and be
adequately addressed within the created (TO-BE) models.

Being a DEMO based approach, the FM of the urban appraisal “world” was formu-
lated into representations composed of two artifacts: (1) Fact Diagram (FD) and (2) Fact
Description Table (FDT). We stress that these artifacts are variants of DEMO’s Object
Fact Diagram (OFD) and constitute our proposal of improvements to the representations
of DEMO’s FM.We argue the need to incorporate in the current representations new and
different graphical elements, a rationale, and associated semantics. On one hand, cur-
rent representations of the FM do not easily capture these features and, on another hand,
present unneeded information adding dispensable complexity. Our concrete proposal is
discussed in detail in Sect. 5.

Considering that 65 concepts and 445 attributes were identified, in a total of 510
facts, the ontological model of the urban appraisal “world” was split into a set of logical
conceptual domain scopes (CDS), making it more intelligible and manageable by all
stakeholders. These CDS are #1 Concepts of the Urban Appraisal Process; #2 Concepts
related to the Urban Appraisal Process; #3 Concepts of the Urban Appraisal Procedure;
#4 Concepts of Application Deliverable Management; #5 Concepts of Urban Opera-
tion; and #6 Concepts related to the Urban Operation. Due to space and confidentiality
constraints, we will not present all CDSs, we will focus uniquely on one example, the
Concepts of Application Deliverable Management (CADM), detailed below.

4.1 Application Deliverable Management

The CADM involves all the procedures related to the deliverables handed by a stake-
holder to the town council while applying to obtain a permit for an urban operation (e.g.,
building work). It also involves how the officers of the urban appraisal division man-
age these deliverables. Furthermore, enclosed in the CADM, are the posterior actions of
addingmore documents to the application, either by the applicant’s initiative or following
the town council’s request.
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The Portuguese law Decree n. 113/2015, issued on 22 of April, has each urban
operation’s application requirements and constitutes an essential and important piece of
information to all stakeholders. It is basically a set of lists of deliverables required for
the application to obtain a permit for different types of urban operations. However, a mix
of technicalities expressed in natural language in different knowledge domains (such as
architecture, law, and civil engineering) make it hard to grasp for those who lack expert
knowledge in these areas. Besides national and regional legislation, several procedural
adaptations realized by the town council’s services which aim to facilitate internal appli-
cation deliverable management are changeable over time and may introduce entropy
and misinterpretations between interested parties. Ideally, application deliverables are
handed over in a timely fashion by the applicant and are subject to prior analysis where
missing elements are identified before being forwarded to a more thorough technical
analysis for validation against approved urban planning criteria schemes.

This allows the urban appraisal division to identify missing documents according
to the requested type of urban operation and inform the applicant quickly. However,
some deliverables are optional, some have variations on their content and granularity,
which makes it a process with many subtleties. Also, there are some exceptions to the
rule that must be considered on a case-by-case basis. All these specificities need to
be addressed. If all the needed deliverables are handed during the established period,
a technical analysis is initiated. In this manner, the validity of application deliverables
(particularly of the architectural, construction, building, and allotment plans) are assessed
and lackluster documents are subject to enhancement requests. Consequently, every
application deliverable has to be maintained and classified according to its analysis and
life cycle (e.g., accepted, enhancement, incomplete, change).

In the following section, we present our CADM’s Fact Model’s representations,
along with our proposal for improvements to the model.

5 Proposal for a New DEMO’s Fact Model

When representing the FM of this project, we faced a challenge, as the terms entity
and property relate to, respectively, institutional entities (e.g. regional government, civil
protection service) and properties (e.g. land, house) in the urban appraisal domain. This
ambiguity also happens in other domains. To overcome this issue, we used the generic
terms concept and attribute and consider themboth as facts.We argue that DEMOshould
adopt this nomenclature. Thus, while communicating with stakeholders, we made clear
that, while modeling, we are capturing the relevant types of facts in the domain of urban
appraisal: the concept types and the attribute types, of which instances of these are
handled in their daily operation. In this project, we identified a total of 510 fact types
with 445 attribute types aggregated in 65 concept types. To effectively communicatewith
stakeholders and understand the domain, we needed to first only represent the concepts,
their relationships, and respective cardinalities. This effort resulted in a generic, global,
and synthetic view of all the urban appraisal domain’s concepts, while abstracting from
their attributes.We call this representation the FDwhich can have two different views: the
Concept and Relationships Diagram (CRD) and the Concept Attribute Diagram (CAD)
explained in the following sections.
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5.1 Concept and Relationship Diagram

As mentioned, we selected the CAMD to illustrate our proposal for a new vision of an
FM for DEMO. Its CRD is depicted in Fig. 3.

Fig. 3. CRD of the CDS: concepts of application deliverable management

While validatingwith the urban appraisal officers our view of their main concepts (65
in the whole model), it was essential to abstract from the attributes. Otherwise, we would
have too much information in a cluttered diagram. At this level, we just needed to depict
whichmajor concepts exist and how they relate in terms of cardinality and obligatoriness
in their relationships. We use arrows to express relationships, which will always consist,
in practice, of an attribute in one concept whose instances will be a reference to instances
of the other concept. We miss the notions of reference and dependency laws that were
part of the FM in DEMO Version 2 [4] as we consider they are essential to represent
important domain restrictions.

We recover the notion of explicit representation of dependency lawswith a dark filled
circle, the original notation of this kind of law used in [4] and originally coming from
the ORM standard [12], on which DEMO’s GOSL is inspired. Attaching this symbol
to a concept in one connector means that an instance of this concept, in order to exist,
depends on an instance of the concept at the other end of the connector. For example, an
instance of an Application Deliverable (e.g., a particular architecture project delivered
in a particular application for urban appraisal) cannot exist without a reference to an
existing instance of Type of Application Deliverable (e.g., the architecture project type).
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However, the notion of binary and ternary fact types of the mentioned previous
version of the FM was more difficult to interpret and explain. As ternary fact types are
rare and should be avoided (and easily converted to a new concept plus three new binary
fact types), and the binary fact types are essentially of three types (one-to-one, many-to-
one, and many to many), we adopt the following standard for each of these cases with
examples from the project case:

1) one-to-one relationships are represented by a connector with two arrow symbols in
the middle, e.g., an urban operation can have one (and only one) permit and a permit is
associated with one (and only one) urban operation (note: this example is not shown in
Fig. 3 for space reasons, but was taken from another part of the project case);
2)many-to-one relationships are represented by a connectorwith only one arrowpointing
to the side “one” of the relationship, e.g., an instance of Application Deliverable has one
(and only one) Type of Application Deliverable. However, the other way around, a Type
of Application Deliverable can be associated with multiple (potentially zero) instances
of Application Deliverable as shown in Fig. 3;
3) many-to-many relationships are represented with an intermediate concept depicted
with a darker color; this concept will have many-to-one relationships with the concepts
participating in this many-to-many relationship; both of these relationships will have
dependency laws on the side of this intermediate concept; e.g., an application deliverable
can have one or more documents associated with it; and one document can be associated
with one or more application deliverables as shown in Fig. 3.

Compared to the current version of the FM, we also slightly change the notation
of the specialization/generalization relationship by using a connector with a pointed
line, instead of a dashed line (e.g., the specialization of Application Deliverable into its
several more specific concepts). In practice, this specialization implies that a series of
one-to-one relationships exist between the more specific concepts and the higher order
concepts, with a dependency law on the side of every specific concept.

5.2 Concept Attribute Diagram

With the main concepts and relationships known, one also needs to identify the attributes
that belong to each concept, considering that at least one transaction in the enterprise’s
processes has to create values for it. This is better done in the FDT, presented in the next
section. Regarding the diagram representation, the ability to inspectwhich attributes each
concept possesses has been highly useful. So we propose the Concept Attribute Diagram
(CAD), which can be considered a variation or “expansion” of the CRD presented
previously.

In the CAD, a concept is represented by a collapsible box whose expansion discloses
its attributes, one per line (Fig. 4). The value type of an attribute is specified to the left
of the line, whilst to the right, the name of the attribute and eventually a list of possible
values, usually for categorical value types. A brief description of each value type follows
in the next section.
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Fig. 4. Some attributes of the Urban Appraisal Process concept in the CAD

5.3 Fact Description Table

The Fact Description Table (FDT) presents details of relevant information not shown
in the diagrams. Every concept in the diagram is mirrored into this table, along with
a description of every attribute. Traceability is the primary motivation for this artifact
because not only the source that supports the existence of the attribute is referenced by
means of an external link (in this case, a link to a shared pdf containing legislation), but
there are also multiple references to the transactions that are responsible for creating or
updating values of the attribute at hand. The transaction list is navigable and provides
rich information of DEMO’s CM perspective but is left out of this paper because of
space constraints.

Automatic maintenance of the transaction references and its legal source in the FDT
is assured by programming the supporting google spreadsheet with the capability to
reflect changes to DEMO’s CM perspective directly in the FDT table. Moreover, if new
transactions are added to the CM these will be available for selection in a dropdown list.
Once a transaction is selected in the FDT, a trigger automatically links it to the CM, and
the source of legislation is updated.

To facilitate communication and interpretation by officers, in the representations of
DEMO models we replace the term transaction with the term task and these can be
considered synonyms in the next explanations.

We now explain the meaning of the elements in each column of which examples
are presented in Fig. 5. The first two columns simply present the names of the concepts
and attributes that belong to each concept. The 3rd column specifies the value type of
an attribute which can be any the following options: 1) category - an enumerated set of
allowed values which, in turn, are listed in the double role column called Referenced
concept/Category values; 2) reference - a link to another concept specified in the previ-
ously mentioned double-role column; we can consider it as the same as a foreign key
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Fig. 5. Fact description table (FDT)

attribute in the world of databases; 3) document - a reference to a document that might
exist physically and/or in an Electronic Document Management System (EDMS); 4)
text - any kind of text from a simple string or name, to a description or even the result of
optical character recognition (OCR) on some document; 5) doc & text - an abbreviated
way to specify that a certain attribute is of value type document and a reference will
be kept to the document, together with the full text obtained from its OCR processing;
6) number - a quantity expressed as an integer or a floating-point number; 7) date - a
timestamp; 8) boolean. The column Description explains the rationale for the specifica-
tion/identification of an attribute as part of a concept. Because descriptions are specified
in natural language, this column represents a common understanding that facilitates
communication and discussion among stakeholders. The Task N columns hold links to
the transactions that can create/update values of the attribute at hand. The Step columns
are a shorthand indication of which step of the transaction pattern the attribute is created
or modified, in regard to the Task N at hand. Columns Source task N provides, for each
of the tasks identified, a link to the information source that justifies the existence of
the respective attribute. In this project, the vast majority of these links refer to a certain
legislation article and/or section.

Navigation in the FDT is facilitated by an underlying organization of concepts that
are grouped according to the CDS towhich they pertain. Likewise, attributes are grouped
together under the grouping of the concept to which they pertain. We used the respective
google spreadsheet functionality which made this artifact very easy to navigate even
while aggregating a huge amount of information regarding the 445 identified attributes.



184 B. Gouveia et al.

5.4 Type Square Pattern Application

The basis of part of our solution regarding application deliverable management is a 2-
level Type Square pattern [11]. At the Entity-Type level, we model what is stated in the
Decree n. 113/2015, issued on 22 of April, i.e. that different types of urban operations
may require different types of application deliverables in order for the application to be
carried out successfully. This level is depicted by the concepts enclosed by the bottom
red rectangle of Fig. 6. At the instance-level, we model what is delivered by applicants
in practice, i.e. which application deliverables were effectively handed over to urban
appraisal officers and are to be tracked for application deliverable management purposes
for a particular urban operation. This level is depicted by the concepts enclosed by the
top green rectangle of Fig. 6.

Fig. 6. Type square pattern at the entity-type and instance level.

It is important to emphasize how this solution simplifies the conceptual model while
addressing the intricacies and complexities of legislation written with technical terms
and natural language. Because the law is alsomutable over time, new types of application
deliverables or urban operations can be integrated at runtime with additional instances
of these entity types. In our study, this solution allowed for the 119 types of application
deliverables to be considered as instances of the Type of Application Deliverable concept
and the 21 types of urban operations to be considered as instances of the Type of Urban
Operation concept. It became clear that the Type Square pattern prevented the need to
model a “combinatorial explosion” of associations between these types by considering
them as instances of Type of Urban Operation has Type of Application Deliverable and
not as separate concepts. The processing of application deliverables is far from a linear
task. Certain application deliverables are optional, some are contained within others
and alternatives between application deliverables can be equally accepted by the city
council’s services.

A by-product of the legislation analysis and this double type square pattern appli-
cation was the so-called Application Deliverable Matrix, with an excerpt depicted in
Fig. 7. This matrix specifies the allowed subset of 567 combinations of types of urban
operation with types of required application deliverable, out of a total of 2499 possible
combinations.

Before the implementation of the future software system, this matrix, also imple-
mented in a google spreadsheet, constitutes a highly valuable tool for the urban appraisal
officers to develop their work, especially the ones handling the initial applications.
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Fig. 7. Application deliverable matrix.

It will also constitute an essential source of information for the implementation and
parametrization of future software.

5.5 Representation in the Current Fact Model

TheFactModel for theApplicationDeliverableManagement is depicted using theGOSL
notation in Fig. 8 and Fig. 9. The central entity class in the diagram is the Application
Deliverable. It is a generalization of the entity classes whose domain and range are

Fig. 8. Application deliverable management in GOSL notation (part 1)
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fundamental to the modelling effort and the discussion among stakeholders as shown in
Fig. 8. The specialized entity classes, namely Security Deposit, External Assessment,
Drawing, Urban Project, and Liability Statement have mappings to other relevant entity
classes or value types.

The traceability of application deliverables, their types and respective documents,
was specified with aggregations in Fig. 9. For example, in order to track which docu-
ments constitute and pertain to an application deliverable, the “APPLICATION DELIV-
ERABLE X DOCUMENT” aggregation is used. In the same manner that certain appli-
cation deliverables may contain other application deliverables, documents may hold
other documents. These facts are detailed in the “APPLICATION DELIVERABLE X
APPLICATIONDELIVERABLE” and “DOCUMENTXDOCUMENT” aggregations.

Fig. 9. Application deliverable management in GOSL notation (part 2)

Regarding the CADM in GOSL, nine entity classes, of which one is a generalization
and five were specializations, four aggregations, twenty event types, and five value types
were found, totaling thirty-eight graphical elements.
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6 Elaboration and Discussion

This practical project showed the importance of using artifacts whose vocabulary is
closer to the day-to-day operations and common lexicon. We started by using DEMO’s
traditional representations of the FM. However, these were difficult to grasp by those
without DEMO knowledge and imposed communication barriers. Therefore, to discuss
and validate our models with the stakeholders, we had the need to change and refine
them, while addressing in a satisfactory way all the detail and complexity of the domain
being analyzed. Our refinements were directed by these five practical requirements of
this project: 1) provide insight and overview of the huge complexity of the legislation
regarding application documents for the urban appraisal process, in a way that could
be easily understandable/intelligible by all stakeholders; 2) provide traceability in all
modeled artifacts regarding their composing elements; 3) make the rationale for each
fact explicit; 4) clear reference to applicable legal rules; 5) provide a diagram with the
simplicity of elements capturing the relevant concepts and their attributes along with
their value type and their dependencies, and how they relate in a set of logical scopes.

One essential tool while modeling this very complex urban appraisal domain was
that of the type square pattern. From this and other projects, we verify that, often, the type
instances (e.g., instances of the type of urban project or type of application deliverable)
end up fixed in program code or as an attribute in some table. However, a new instance of
that type will cause a combinatorial effect that may increase operational and/or software
complexity. As depicted in Fig. 6, just six concepts implementing two pairs of type
squares were enough to encompass a huge space of hundreds of possible combinations
of application deliverables needed in certain urban operations.

Looking at the diagram of such a simple case as that of the Library presented in
Sect. 3.2, it is evident that the current format of the OFD in GOSL has too many different
elements, symbols, and text, making it very difficult to be interpreted by officers without
experience in DEMO, in fact the experience we got, while presenting a first GOSL
diagram to the town council officers. GOSL revealed to be an impractical representation
solution for the complex domain wewere confronted with. Looking at Fig. 8, the CADM
in GOSL notation amounts to a total of thirty-eight graphical elements. This total does
not even include the specification of exclusion laws between event types which should
be represented for the OFD to be complete. In comparison, the newly proposed FM
contains eighteen graphical elements in the CRD.

Layering the representations in the Concept and Relationships Diagram (CRD) with
the Concept Attribute Diagram (CAD) along with the Fact Description Table (FDT)
allows for greater synthetization in the CRD and leaving more detail towards the FDT.
This tradeoff promotes inclusion and facilitates the interpretation and discussion of the
underlying organization among stakeholders.

It is essential to know which steps of a transaction are responsible for creating
values for each attribute. Current DEMO’s OFD shows only the p-fact associated with
each class, while any transaction step may create original facts, that is, values that are
instances of attributes. It creates unneeded complexity in the OFD to include event types.
But they are, of course, an essential part of the FM perspective. Our solution solves two
problems: it reduces the complexity of the diagrams and presents further important detail,
while allowing the specification, not only of the transaction responsible for originating
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the fact, but also of its respective step, and also of possibly other transactions/steps that
might create it/update it.

Including attributes of concepts in the diagramcanbe excessive, especially in projects
whose magnitude is similar to the one being discussed, where 445 attributes were iden-
tified. However, it is useful to be able to quickly inspect the attributes of a concept.
So, it was decided to provide the functionality of making the concept symbols expand-
able/collapsible to provide that capability. Also regarding complexity handling, and just
like in DEMO’s CM which includes Scopes of Interest (SoI), we saw the need for the
creation of scopes for the concepts which we call CDS, i.e. aggregate concepts that are
closely related or form natural domain clusters and facilitate navigation both in the FD
as well as in the FDT.

It is common knowledge that the human brain interprets graphical symbols or images
faster than words composed of characters. Our approach is to have a minimal set of
symbols to represent the main and more common restrictions in the FD. We argue that
cardinalities are better represented with arrows pointing to the one side of relationships
and that dependency laws are better represented in the ORM way and not within a
cardinality’s numbers as in the current GOSL way.

GOSL proposes a relatively large number of “predefined value types”, some of them
visible in the Library example. We consider this another unneeded complexity and that
it is better to restrain the possible value types to the minimum possible, closer to the
notion of sort in GOSL. The possible sorts of GOSL are ordinal, interval, ratio, absolute,
boolean, and categorial. We basically agree with these sorts and that they should be
considered the main basic value types but using slightly different terminology. And, as
previously presented, we include the following complementary ones: document (can be
physical, digital, etc.), text (any kind of string, like names or long descriptions), and
reference (a “pointer” to a concept instance).

Domain-specific value types such as the type of graphical representation or the
measurement phase in Fig. 9 were represented inline in their respective entity class and
not separately because it would needlessly make the diagram expand its size even more.
In fact, claims of clutter, mainly regarding text, and the need for a cleaner representation
with simplified semantics was reported by the officers of the urban appraisal division.
These claims reinforce the need for a simpler notation, one where the essence of a
property isn’t semantically or visually impaired by the notions of value type, sort, base
type, measuring unit or dimension.

GOSL and the associated DEMO’s FM strive for a “pure” ontology where signs
and/or names should not be part of the ontology [8].We strongly disagreewith this stance
which we think is even contradictory to DEMO and PSI Theory’s approach, which is a
language-based one, considering communication as the central notion and the thread on
which organizations are woven [4]. In real life and operation of organizations, references
(e.g., process numbers), names, and descriptions associatedwith daily concepts and their
instances, are essential aspects to be taken into account and facilitate communication and
interpretation in an organization’s operation. The value types we present in this paper
may need to be refined/perfected but were shown to be useful in this practical project
and enough to encompass the 445 identified attributes.
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We were cautious about the elements we selected to include in our proposal for
our new FD, as we intend to have a direct derivation of an implementable database
relational schema. That is, the chosen symbols and syntax allow a direct transformation
of this diagram into related tables in a database system. Our proposal for this new
way of representing DEMO’s Fact Model has a hybrid nature merging elements of
DEMO’s OFD, traditional ER-diagram, and relational schema. It represents the universe
of discourse in a semantically richer way facilitating discussion and communication
regardless of the stakeholder’s technical prowess, experience, or background.

7 Conclusions

One of the goals of Enterprise Engineering and Ontology is the capability of directly
realizing an information system based on the ontological models, or automatically trans-
forming them into program code [13]. If we want such capability, it is important that the
models themselves are designed in a way that facilitates their implementation, which
goes against one of the premises of DEMO theories that we also disagree with: that all
models should be abstracted from implementation. Before some intense discussions in
the CIAO! community initiated by us some years ago, the claim was that DEMOmodels
were implementation independent. Thanks to these discussions the claim was changed
to use the term “abstracted”, but in a way that we are not satisfied yet. Indeed, DEMO’s
higher-level models should be abstracted from implementation. But at some point, we
have to deal with the real complexities of the real world and these will always influence,
sometimes to a very high degree, even the higher-level models, what to say from the
more detailed models. We claim that this new Fact model could be considered a derived
representation from the existingGOSLFactmodel, enhanced and enrichedwith valuable
information from various sources. And, therefore, this is a valuable contribution to the
professional world, derived from but not a replacement of the GOSL based Fact model.

With this project and associated research presented in this paper, other papers to
come, and previous work [14, 15], we are striving towards the goal of being able to
directly execute and run an information system from models [16]. This project and its
practical research results is a step in this inspiring direction.

Although the present study provides valuable insights, there are a few limitations that
should be recognized, and these provide threads for future research. Due to the limited
time and resources, we only applied these diagrams to the urban appraisal division
of the town council of Funchal, which is highly structured due to the applicable law
requirements. Therefore, future work should test the validity of these diagrams further
by applying them to other organizations, especially in areas that do not have such strict
regulations. These additional efforts will further confirm the validity of our work.
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Abstract. Significant progress has been made in the South-African early child-
hood andGradeR spheres. However, South-Africa has a longway to go tomeet the
needs ofmajority of its children. Institutional capacity (IC) refers to the administra-
tive and managerial aspects of an Early Childhood Development Centre (ECDC).
Failure to build this capacity impacts the quality of services delivered to the most
vulnerable children in our society. The purpose of this article is to extract knowl-
edge from the institutional capacity knowledge area, as well as the enterprise
engineering body-of-knowledge as a baseline for developing an enterprise capac-
ity development approach (ECDA) for early childhood development centers. The
ECDA should be useful to South-African ECD administrators, if they intend to
develop enterprise capacity, leading to the improvement in quality of services
delivered. ECDA is the main contribution of this article. As a second contribu-
tion, we validate its completeness when compared to existing IC literature, as well
as its comprehensiveness in terms of eleven approach design principles. Finally,
we provide a partial demonstration of ECDA’s heuristic at a real-world ECDC in
South Africa.

Keywords: Enterprise engineering · Institutional capacity · Early childhood
development · Quality · Education service · Public sector

1 Introduction

The number of working parents, including single-parent families and families with both
parents employed is rising, creating an ever-growing need for quality child care, accord-
ing to Experthub [1]. The department of social development, department of basic educa-
tion, and department of health, all have themandate to develop an integrated approach for
services for children aged frombirth, up to, but not includingGradeR, formally classified
as the early childhood phase. In South-Africa, Atmore et al. [2] classify early childhood
development (ECD) centers in three distinct facility types, namely (1) public schools, (2)
registered community-based ECDCs, and (3) unregistered community-based ECDCs.
Public schools typically cater for grade R only, whilst community-based centers accom-
modate children from birth, up to and including grade R. There are approximately 25,254
centers nationally and 1,354,274 children access these centers [3]. The ECD goal is to
provide developmentally-stage-appropriate quality ECD services to all infants, young
children and their caregivers by 2030 [3].
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Significant progress has been made in the South-African early childhood and Grade
R spheres. However, South-Africa has a long way to go to meet the needs of the majority
of its children [2]. Various challenges exist within the early childhood sector, including
infrastructure availability, nutrition, various different ECD curricula, ECD teacher skill
level, administrative and management function (also called institutional capacity), and
limited government funding [2]. Of particular interest is institutional capacity, and the
inability of ECDCs to execute its purpose effectively. Imbaruddin [4] defines institution
as enterprise and capacity as the ability of an enterprise to pursue its objectives, indicating
that intuitional capacity (IC) is a prerequisite for delivering quality services, as assessed
by customers. IC is not a new concept in the public sector performance arena, but not
well defined or researched in the ECD sector [5]. Aligned with literature, in this article,
IC refers to the administrative and management function that is currently lacking at
many ECDCs and should be realized via multiple design domains. Yet, the management
function is a function that relates to multiple ECDC functions.

The provision of early childhood development services is deemed a right to all
children. In addition, ECDservicesmust be provided because they afford a foundation for
good child outcomes as well as national developmental outcomes necessary to address
South Africa’s two key development challenges namely poverty and inequality [6].
The department of social development [6] states that the public provisioning of early
childhood development thus embraces a continuum of responsibilities, and its objectives
are to ensure:

• All services necessary for the optimal survival, growth, development and protection of
infants and young children to their full potential are available in sufficient quantities
and through a sufficient number of appropriate spaces in sufficiently close proximity
so that all children have an equal opportunity to participate in or make use of the ECD
services.

• All services that are provided are of a sufficiently high quality and are age- and stage-
appropriate to the needs and context of the children in question to ensure universal
quality outcomes for all children receiving the service.

• Early childhood development programs are appropriately designed to ensure the
delivery of quality, age and stage-appropriate, and inclusive services.

• The environment, infrastructure (including ICT), andmaterials supporting the delivery
of all early childhood development services are safe, healthy and enable the delivery
of age-appropriate quality services.

• There are a sufficient number of appropriately qualified practitioners to provide age-
appropriate, inclusive plus quality early childhood development services.

• Measures are implemented to ensure that the cost of the services do not preclude
children living in poverty and the qualifications and number of early childhood devel-
opment practitioners, including the design of the programs and services, address the
needs of children with disabilities.

• Appropriate management, coordination, monitoring and evaluation systems are in
place to adequately plan for, measure, monitor and improve availability, quality and
equity of ECD access.
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Literature indicates that the ECD environment is complex, and there is a need for
fresh new thinking to evolve ECDCs. A case is made to act and think more systemically
to deliver higher quality programs and ECDC services that are sustainable over a longer
period of time. IC has an impact on the quality of the ECDC, and the need is greater than
ever to scale up an approach to meet increased demand of early childhood care in South-
Africa. In a study conducted by Hayden [7], specific focus was placed on addressing
the gap in understanding the director’s role, administration, and management functions
in childcare and preschool settings. It is becoming increasingly clearer that process
components which make up the adult work environment, have a powerful effect upon
quality care in child care centers, and that the center director plays a central role.

Atmore [8] and Van Heerden [9] indicate that community-based ECDCs lack IC,
i.e. proper administrative and management systems, to meet the minimum standards
set by the department of social development. Financial management of many of the
community-based ECD facilities is poor, whereas more than 50% of these centers do
not havemany of the necessary administrative documents and structures in place [8]. The
department of social development commissioned a national audit of registered ECDCs in
2013, and the scope included conditional and unregistered centers outlined in their report
[10]. ECDCs across South-Africa are sub optimal, indicating that less than half of all
registered centers having nothing more than staff attendance records or job descriptions
[10]. This class-of-problems has already been validated via a systematic literature review
(SLR) in [11].

The SLR also indicated that numerous ECD quality frameworks and IC develop-
ment frameworks exist, each focusing on different performance areas and functions.
We also indicated that existing frameworks, contain a mix of concerns, functions and
structural/design aspects in a disparate way. Enterprise engineering (EE) could be useful
to re-structure existing concepts in a consistent and useful way.

Enterprise engineering (EE) emerged as a new discipline to encourage compre-
hensive and consistent enterprise design [12]. Since EE is multidisciplinary, various
researchers study enterprises from different perspectives, which resulted in a plethora
of applicable literature and terminology, but without shared meaning [13]. The enter-
prise evolution contextualization model (EECM), is a metamodel for existing enterprise
design approaches. Since EECM is descriptive, rather than prescriptive, approach design
principles (ADPs) provide prescriptive guidance on developing new enterprise design
approaches.

This article applies existing approaches, i.e. Hoogervorst’s approach and existing IC
approaches, guided by ADPs, to develop an enterprise capacity development approach
(ECDA), assisting ECD Directors to develop EC. ECDA will enable development of all
ECDA functions, but also focus on a similar scope than IC, namely the administrative
and management function. Addressing the lack of applying IC and EE within the South
African ECD sector, this study synthesizes existing knowledge by developing the ECDA.

The article is structured as follows. Section 2 presents action design research as
an appropriate research methodology to develop the new artefact, called ECDA. As a
theoretical foundation for developing ECDA, Sect. 3 provides background on method
engineering, Hoogervorst’s enterprise engineering approach, and general principles to
develop a new approach. Section 4 presents the constructional components of ECDA,
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validating its comprehensiveness in Sect. 5, and demonstrating ECDA’s heuristic in
Sect. 6. Section 7 concludes on ideas for future research.

2 Research Method

Action design research (ADR) combines the strengths of two existing research
paradigms, i.e. design science research and action research, facilitating an iterative pro-
cess for designing and evaluating an artefact within a real-world setting [14], also sug-
gested as an appropriate research methodology for EE-related studies [15]. We now
define the four main stages of ADR and indicate their application within the context of
this study:

Problem Formulation: ADR studies are initiated by a practice-inspired problem and
serves as an inspiration for research efforts [14]. The problem formulation, presented in
Sect. 1, indicates that community-based ECDCs lack IC, i.e. proper administrative and
management systems, to meet the minimum standards set by the department of social
development. This class-of-problems, validated using a systematic literature review, also
features as a problem instance at a South African ECDC [11].

Building, Intervention, Evaluation: This stage consists of recursive cycles of building,
intervention and evaluation, since an increased understanding of the organizational con-
text also influences the selection and design of the artefact [14]. Evaluation is not sep-
arate from building. Rather, decisions about designing and reshaping the artefact and
intervening in organizational work practices should be interwoven with ongoing eval-
uation [14]. Using a participative approach, also extracting from existing theory, i.e.
method engineering, approach design principles, Hoogervorst’s enterprise engineering
approach, and IC approaches (presented in Sect. 3), we built a new approach, namely
ECDA (presented in Sect. 4). Section 5 indicates how ECDA incorporated existing IC
approaches within ECDA’s heuristic. For intervention, we demonstrate ECDA’s heuristic
at a real-world ECDC, presented in Sect. 6. As indicated in Sect. 7, future work will
further evaluate whether ECDA’s iterative application will also improve the quality of
services as ECDCs.

Reflection and Learning: This stage runs parallel to the first two stages. The learning
from conceptualizing a solution for a particular problem instance, is used to address a
broader class-of-problems [14]. For this study, learning from the first two stages con-
tributed towards the packaging of ECDA for addressing a class-of-problems, rather than
only a single problem instance.

Formalizing of Learning: The purpose of this stage is to generalize outcomes that would
address a wider class-of-problems [14]. In Sect. 7 we provide ideas for future research
to further evaluate and validate the ECDA for its use within other industries.
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3 Background Theory

Method engineering and situational method engineering focus on formalizing the use of
methods for systems development [16]. Even thoughmethod engineering and situational
method engineering focus on formalizing methods for systems development, we believe
that their concepts are also applicable to the development of an enterprise approach, and
more specifically, ECDA. Formal techniques have been incorporated into situational
method engineering, in particular metamodeling approaches at various scales, from full
method to single fragment descriptions [16]. Multiple dimensions of modelling exist, in
particular models can be stacked in terms of their abstraction level. Metamodels provide
the means of defining the rules at a higher level of abstraction, and this in essence
acts as an introduction to the abstraction levels adopted in this particular study. The
General Conceptual Modelling Framework, provided by Dietz and Mulder [17], assists
in explaining how the ECDA was constructed.

With reference to Fig. 1, we believe that the enterprise evolution contextualisation
model (EECM) is a meta model for enterprise design approaches, since EECM was
developed inductively as elaborated in Sect. 3.1. BothHoogervorst’s approach, discussed
in in Sect. 3.2, and IC development approaches, introduced in Sect. 3.3, are instantiations
of EECM.Using EECMas a common frame of reference, we developed ECDA, enriched

Fig. 1. The general conceptual modelling framework of [17], applied to ECDA
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by Hoogervorst’s approach as well as existing IC development approaches. Since EECM
is not prescriptive on developing a new enterprise design approach, we use approach
design principles to provide additional guidance during ECDA’s design. ECDA has to
be implemented at a real-world ECDC as an ECDA instance, as indicated in Fig. 1. In
Sect. 6, we partially demonstrate ECDA’s heuristic at a real-world ECDC.

3.1 EECM and Approach Design Principles

Since EE is multidisciplinary, various researchers study enterprises from different per-
spectives, which resulted in a plethora of applicable literature and terminology, but
without shared meaning [13]. Addressing the knowledge fragmentation, the enterprise
evolution contextualization model (EECM) inductively abstracted knowledge frommul-
tiple existing enterprise design approaches to create a metamodel for enterprise design
approaches [13]. EECM indicates that existing enterprise design approaches consist of
four main components: (1) Concept of the enterprise and paradigm of creating value;
(2) Three dimensions to define the scope of evolution (design domains; concerns &
constraints; and enterprise scope); (3) Supporting mechanisms & practices to enable the
desired evolution across three dimensions; and (4) Approach classifiers that influence
selection of appropriate mechanisms and practices [13].

Since EECM is descriptive and not prescriptive, eleven approach design principles,
developed by [18] and based on EECM, provide additional guidance for approach devel-
opment. Each principle is defined in terms of a statement, rationale, implications and
measures. Section 5 provides a summary of the eleven principles and their application
regarding ECDA.

3.2 Hoogervorst’s Approach

Hoogervorst [19, 20] developed an approach that is iterative, emergent, creative and non-
algorithmic. He uses a generic system development framework to explain his iterative
approach, starting with the strategic context, defining preliminary design aspects that
indicate areas of concern and requirements that need to be addressed in system design
domains. His approach emphasizes the importance of design principles (also called
architecture) that should be explicitly defined to guide the evolution of system design
domains [20]. The design concepts included in Hoogervorst’s approach are also further
refined via a codebook, presented in [21].

The generic system development process (GSDP), a kernel theory, adapted from
Dietz [22], facilitates design of different systems within the enterprise [20]. According
to this theory, the using system (e.g. the environment) has a functional relationship with
the provisioning system (e.g. the enterprise). For this particular combination of using
system and provisioning system, the GSDP consists of two main phases, indicated in
Fig. 2: (1) Starting with the constructional design of the using system, the designer has
to perform functional design of the provisioning system; and (2) Starting with identified
functions of the provisioning system, the designer has to perform constructional design
of the provisioning system.

Enterprise design is complex, since multiple systems and sub-systems need to
be designed, often concurrently, especially when enterprise constructs already exist.
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As indicated by Hoogervorst [20], enterprise designers need to define appropriate
design domains for a particular enterprise. Using the GSDP as a means to demar-
cate design domains, De Vries [23] identifies four main design domains for enter-
prise design: (1) organization, (2) information, communication and technology (ICT),
(3) infrastructure/facilities, and (4) human skills & know-how.

3.3 IC Development Approaches

A systematic literature review on existing IC approaches indicated that multiple frame-
works already exist, each highlighting different design facets, multiple design levels and
performance factors [11].

Bloom [24] describes an ECDC as a dynamic and an open social system, indicating
that a systems approach for describing early childhood centers can lead towards a better
understanding of the impact of change and can assist administrators to better under-
stand the significance of their day-to-day roles and responsibilities. Bloom includes six
components to enable effective ECDC design: (1) environment; (2) people; (3) struc-
ture; (4) processes; (5) culture; and (6) outcomes. Imbaruddin [4] (extended by [25])
identified three levels of capacity development: (1) the system, (2) the entity, and (3) the
individual. Bergin-Seers andBreen [26] aim to close a gap in research, specific to the per-
formance of ECDCs from a viability perspective, suggesting a performance framework
that includes environmental factors, center performance, organizational factors and the
leader/manager role within the center. The five dimensional framework by Grindle and
Hilderbrand [27] includes a systemic method to analyze determinants of administrative
competence, consisting broadly of the action environment, public sector institutional
context, task network dimension, organizational dimension, and lastly human resources.
Scheepers [28] describes the elements and sub-elements of IC as follows: (1) strategic
leadership, (2) human resources, (3) financial management, (4) infrastructure, (5) pro-
gram management, (6) process management, and (7) inter-institutional linkages. The
increasing recognition of the importance of the administrator within an ECDC calls for
research about this role and about the characteristics of those who assume it. The leader-
ship framework by Nupponen [29] focuses on: (1) relational and pedagogical leadership,
(2) intra and interpersonal skills, and lastly (3) education and training to master these
traits.

4 Construction of ECDA

Consolidating from Hoogervorst’s approach, as well as existing IC development
approaches, this section presents the function (in Sect. 4.1) and form (in Sect. 4.2) of
ECDA, following guidance from the approach design principles presented in Sect. 3.1.
Section 5 indicates how we validate ECDA’s comprehensiveness by: (1) validating
ECDA against eleven approach design principles, and (2) demonstrating how ECDA
has synthesised appropriate literature to create a theory-ingrained artefact.
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4.1 ECDA Introduction (Function)

ECDA adopts the morphogenic enterprise paradigm from Hoogervorst [20] to address
the three essential concepts that fuel and determine enterprise developments: human
agency (especially employee agency), reflexivity, and reciprocity. In addition, ECDA
also acknowledges that the ECDC is a social system, in accordance with Bloom [24].

Objectives and Intended Value
According to EECM [13], an enterprise design approach has to answer three questions.
ECDA answers the three questions as follows:

Why should theECDCuse theECDA to evolve?ECDAshould provide constructional
guidance towards the evolution of South African ECDC’s, improving the administrative
and management function associated with enterprise functions to increase quality of
service delivery. ECDA is comprehensive for the early childhood development context,
since it synthesizes knowledge from existing IC approaches, as well as an existing EE
approach, i.e. Hoogervorst’s approach.

What should the ECDC evolve? ECDA focuses on developing inside-the-boundary
complexities of an ECDC (as the provisioning system) for the environment (as the using
system). Four main design domains are included: (1) organisation; (2) information,
communication and technology (ICT); (3) Infrastructure (i.e. facilities); and (4) human
skills & know-how. ECDA also acknowledges the existence of other facets that evolve
at an enterprise, but cannot be designed via a system development process.

How should the ECDC evolve? The ECDC will evolve by applying the ECDA,
implementing a key mechanism, namely a heuristic.

Scope
Hoogervorst [20] denotes the system to be designed as the provisioning system. The
provisioning system has a functional relationship with its environment, also called the
using system. Using the generic system development process (GSDP), ECDA facilitates
constructional design of the provisioning system, as indicated by Fig. 2.

ECDA◊s design scope
Black box functions are used as an input

Inside the boundary
Outside the boundary

(environment)

Using system

Construction

Provisioning 
system

Construction

Black 
box 

modelOntology Ontology
Functional 
design

Constructional 
design

Function

Fig. 2. The ECDA design scope, based on Hoogervorst [20, p 256]
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In order to properly define the functional relationship, thewants and needs (functions)
of the using system must be precisely known. In addition, the construction (white-box
model) of the using system (i.e. the environment) must be known. Hoogervorst [20]
defines function as a relationship (R) and not a system property, whereas construction is
a system property.

Using [20], we provide two examples within the ECDC context:

F (function): Using system (need, purpose) R Provisioning system (properties)
F (child caregiving): Child (need, purpose) R ECDC (properties)
F (child caregiving): Parent (need, purpose) R ECDC (properties)

Child caregiving as the function in the two examples, refers to the operating function
of child-caregiving, as well as its management, that should be enabled through vari-
ous design domains within the ECDC, delivering on various stakeholders’ needs and
purposes.

Role Players and Users
ECDAwill be useful to enterprise engineers as well as design teams. ECDC administra-
torswill findECDAuseful to develop IC in order to improve quality of services delivered.
The main user of ECDAwill be the early childhood development director/administrator,
typically the role accountable for quality of the ECDC operation.

Prerequisites for Using ECDA
The following are identified as prerequisites for using the ECDA: (1) Existence of a
problem/deficiency related to the administration and management of one or more func-
tions at the ECDC; (2) Need and desire for change clearly established; (3) Buy-in from
the director; (4) ECDC functions have already been determined from the environmen-
tal (using system) context; and (5) the director is aligned with ECDA’s concept of the
enterprise, i.e. the morphogenic paradigm defined by Hoogervorst [20] and the social
system paradigm presented by Bloom [24].

4.2 ECDA Mechanisms and Practices (Form)

The ECDA adopts a heuristic indicated in Fig. 3, using multiple enterprise functions (f1,
f2…fn) as main input to perform four main activities via multiple cycles.

A function is defined as the utility or capability that must be addressed via enterprise
design. Conversely, the enterprise, its design domains or constructs, must operationalize
one or more functions [21]. The function should be specified using an adjective(s) +
noun, also associating the function with the entire enterprise or a particular design
domain or construct, indicating how an input should be transformed into an output [21].

Next, we present the heuristic’s four activities in more detail. We used alphabetic
letters as a quick reference to the activities, but the alphabetic sequence is not an indica-
tion of execution sequence. Once enterprise functions have been identified, the heuristic
may either start with A or B. As indicated in Fig. 3, representations of constructional
design exist for current designs as well as future designs. Activities that are associated
with future design are grey-shaded.
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Fig. 3. ECDA’s heuristic within the GSDP, based on Hoogervorst [20, p 256]

A: Execute Construction Design Cycles for Selected Design Domains
Design domains are those aspects of an enterprise that approach authors deem impor-
tant/necessary for design [13]. De Vries [23] suggests that design domains are demar-
cated in a consistent way, using the generic system development process. ECDA adopts
the design domains as described by De Vries [23] as a means to represent an ECDC’s
constructional design.

As discussed in [23], design domains cannot all be classified as systems. Using the
definition provided by [17], a homogeneous system consists of elements that are of a
similar kind. When human beings are considered to be social elements, then an organi-
zation system’s construction can be defined by its kernel elements, boundary elements,
environmental elements and structural bonds between elements [17]. Depending on the
analyst’s purposeful demarcation of a system boundary [30], an organization system thus
includes human beings as kernel elements (within the boundary), boundary elements (on
the boundary) and environmental elements (outside the boundary). Humans that form
part of an organization’s construction have structural bonds, since they collaborate to
produce new production facts. Likewise, other systems also exist within the enterprise,
but their elements are of a different kind. Information, communication and technology
(ICT) are constructed from hardware and software elements, whereas infrastructure (i.e.
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facilities) are constructed from building-construction elements. The enterprise thus con-
sists of multiple sub-systems, where each of the sub-systems need to be designed, using
the generic system development process (GSDP). The GSDP that was also illustrated in
Fig. 2, starts with the construction of a using system to derive black box functions for a
provisioning system.

Figure 4 provides a simplified view from [23] to illustrate how the GSDP was used,
starting from the using system (i.e. the environmental context) to design the provisioning
system (i.e. the enterprise). The GSDP is also used to illustrate how multiple enterprise
sub-systems are developed concurrently. Each support arrow in Fig. 4 represents an
iterative GSDP that exists between a using system and a provisioning system.
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Fig. 4. The main EE domains, based on [23]

Figure 4 illustrates two of the support arrows, highlighted in black,with the following
interpretation: (1) The enterprise (as provisioning system) supports the environmental
context (as using system); and (2) The ICT sub-system (as provisioning system) supports
the organization sub-system (as using system). Explaining the last-mentioned supports
arrow in terms of the GSDP, illustrated right next to the supports arrow in Fig. 4, the
construction of the organization sub-system is used as a starting point to perform func-
tional design of the ICT sub-system. Then, the functions of the ICT sub-system are used
as input to perform constructional design of the ICT sub-system.

As indicated in [23], the notion of system alone is not sufficient to describe the
enterprise, its construction and its behavioral complexities. An enterprise consists of
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many facets, such as human skills and know-how, culture, relationships, power and
leadership [20]. Figure 4 represents facets with cloud-constructs. We believe that some
of these facets may also be classified as design domains when it is possible to follow the
GSDP to design a future version of the facet. Hence,we believe that human skills& know-
how needs to support the organization sub-system and should therefore be designable.
Yet, we acknowledge that the GSDP is less useful when other facets, such as culture and
power need to be “designed”.

Figure 4 includes several grey-shaded constructs to indicate the envisaged design
scope for ECDA, including organization, ICT, infrastructure, human skills & know-how,
and other facets. Next, we provide ECDA’s interpretation and means for representing
the four design domains:

(a) Organization. Dietz and Mulder [17] define the organization of an enterprise as
a social system, i.e. actor roles, implemented by human beings, form relationships
due to collaboration to produce production facts. ECDA adopts Dietz and Mulder’s
[17] four aspect models to represent the essence of enterprise operation in a coherent,
comprehensive, consistent and concise way.
(b) ICT. Software applications, databases and ICT hardware are included [17]. ICT
can be designed in the context of different using systems, such as construction of the
organization, or construction of the environment. Hoogervorst [20] describes IT design
aspects as the use of IT systems and their infrastructural characteristics. ECDA is not
prescriptive on suggesting models for representing ICT constructs.
(c) Infrastructure. Facilities and other non-ICT technologies that support actor roles and
their production acts are included. Enterpriseswithin different industriesmay require dif-
ferent representations of infrastructure, based on the type of production acts that should
be supported [23]. ECDA is not prescriptive on suggesting models for representing
infrastructure constructs.
(d) Human skills and know how - Human skills & know-how constitutes human abilities
and skills required when executing production acts, as well as coordination acts [23].
Based on the identified functions, the enterprise design team needs to devise specifi-
cations for required contextual knowledge, experience, skills and working styles (e.g.
perseverance, stress resistance and self-control) to perform coordination acts and pro-
duction acts. The three-level capacity development approach of Imbaruddin [4] identifies
the individual (level 3) as the skills, experience and knowledge that allow each person to
perform. Some of these are acquired formally, through education and training, whereas
others come informally, through doing and observing. Bloom [24] refers to the people
component as a psychosocial subsystem, meaning the interrelation of social factors and
individual thought and behavior. The description of this component includes elements
such as values, attitudes, motivation, morale, and personal behavior of each individual.

B: Identify Performance Areas (Areas of Concern)
Areas of concern are generic characteristics that the black-box or white-box enterprise
properties must manifest [20]. De Vries [21] states that due to the negative connotation
to concerns, performance areas should rather be used. In this context, a performance
area is a generic characteristic of an enterprise that must be addressed via enterprise
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design. A design domain must operationalize one or more performance areas. The
performance area must be stated in terms of a variable, that can increase (improve) or
decrease (deteriorate) [21].

Within this step, in consultation with ECDA’s main user, performance areas or
concerns are documented, e.g. internal efficiency, fiscal viability, or quality of caregiving.

C: Identify Constructional Requirements and Specifications
The constructional requirements express certain wants and needs that the system con-
struction must fulfil in view of the intended black box properties as well as the
performance areas [20].

As indicated by [21], it is difficult to distinguish between constructional requirements
and design principles (used in the next activity, i.e. activity D). Both provide guidance
on how design of design domains or their embedded constructs must proceed. Usually
a constructional requirement is defined for a narrow design scope, i.e. designing one
particular construct, such as a software application. If a constructional requirement is
generic in nature and applicable to a larger design scope, such as the entire ICT domain,
the constructional requirement is transformed into a design principle, as indicated in
activity D.

Constructional requirements will be defined by ECDA’smain user. The requirements
have to be associated with the performance areas that were identified and effected
through design cycles when (re-)designing the design domains.

Constructional requirements need to be stated in a prescriptive format, using the
words/phrases such as should, must or may not. The phrase “must be” is useful to
indicate that the prescription needs to be verifiable [21].

D: Extract Design Principles
White box system properties result from the system’s construction. Guidance for
constructional design is informed by constructional architecture, also called design
principles [20].

Existing constructional requirements, identified in activity C, will be used during
activityD to identify requirements that are generic anduseful to guide future development
of applicable design domains. We believe that general design principles may also be
extracted from IC literature.

5 Validating ECDA’s Comprehensiveness

The SLR in [11] indicated that numerous IC development approaches exist, each
focusing on different performance areas and functions in a disparate way, as noted
in Sect. 1. We include these learnings and contributions within ECDA. Figure 5, a
different representation of ECDA’s heuristic, indicates how ECDA incorporated exist-
ing IC development approaches, previously discussed in Sect. 3.3. The construction
design cycle (activity A) adopts an iterative process of suggesting the (re-)design of
constructs. This step encapsulates various elements of IC approaches, demonstrating
ECDA’s comprehensiveness.
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Fig. 5. ECDA’s heuristic, synthesizing existing IC approaches

In Table 1 we also validate the comprehensiveness of ECDA as an enterprise design
approach, indicating that ECDA addresses the eleven approach design principles from
[18].

As indicated in Table 1, the current version of ECDA addresses the eleven princi-
ples, except for principles J and K that are only partially addressed. Suggestions for
comprehensive demonstrations of ECDA are discussed in Sect. 7.

Table 1. Validating ECDA against the ADPs

Approach design principle Applied to ECDA

Principle A - Explicit concept of the enterprise: A
design approach should indicate how an enterprise
is perceived or conceptualized

The ECDC is perceived as social system. Also, it is
perceived as a living organism defined within a
morphogenic paradigm (see Sect. 4.1)

Principle B – Explicit phenomenon: A design
approach should provide evidence for a phenomenon
or class-of-problems, i.e. similar kinds of problems

Atmore et al. [2] state that various challenges exist
within the early childhood sector, among those are
IC identified as a class-of-problems (see Sect. 1)

Principle C – Explicit paradigm of value-creation:
A design approach should state a paradigm of
value-creation as a testable proposition for
addressing an existing phenomenon or
class-of-problems

The ECDA, through a heuristic, enables ECD
directors to effectively transition from functional
requirements to constructional design in order to
develop IC

(continued)
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Table 1. (continued)

Approach design principle Applied to ECDA

Principle D - Explicit means (ways) of demarcating
and representing design scope: A design approach
should clearly define and motivate the way to
demarcate design scope (enterprise scope, design
domains, and concerns/requirements) relevant to the
approach

ECDA do not demarcate new design domains, but
adopts those described in Sect. 4.2 as means to
represent the ECDC’ constructional design (activity
A of ECDA’s heuristic).

Principle E – Well-demarcated and well-defended
design scope: A design approach should define and
defend the intended design scope to achieve the
intended value-creation

The ECDA uses the generic system development
process (GSDP) to facilitate constructional design
of the provisioning system (refer to Fig. 2)

Principle F – Representations of design scope: A
design approach should clearly define and motivate
notation standards that are used to adequately
describe/represent the design scope

The organization domain adopts DEMO aspect
models [17] as the notation standard, whilst ECDA
is not prescriptive for the infrastructure and ICT
domains. The human skills & know how domain
will be represented by curriculum vitae

Principle G - Approach form and function: A design
approach should clearly define the constructs and
features of the approach

The ECDA’s function is described in Sect. 4.1 and
its form (i.e. a heuristic), is presented in Sect. 4.2

Principle H: Justificatory knowledge: A design
approach must provide explanatory knowledge that
links the paradigm of value-creation with its
constructional components

As indicated in Fig. 1, the ECDA is a
theory-ingrained artefact, guided by approach
design principles (discussed in Sect. 3.1), informed
by Hoogervorst’s approach (presented in Sect. 3.2),
as well as existing IC development approaches
(introduced in Sect. 3.3)

Principle I – Approach mutability: A design
approach should clearly state possibilities for
tailoring the approach, within the pre-defined design
scope

The ECDA may be applied to a different sector,
industry or operational context than ECD

Principle J – Principles of implementations
(conditional): A design approach may incorporate
guidance for implementing the approach

Partially: The demonstration of ECDA’s heuristic in
Sect. 6 provides some guidance in the form of
questions per activity (see Table 2)

Principle K – Expository instantiation (optional): A
design approach may incorporate an instantiation

Partially: An instantiation of ECDA’s heuristic is
included in Sect. 6. The instantiation is not
comprehensive to cover all the design domains

6 Application of ECDA’s Heuristic

In this section, we demonstrate ECDA’s heuristic in accordance with Sect. 4.2. Ideally,
holistic design requires identification of multiple functions, multiple performance areas
that need to be identified for the entire enterprise and all its design domains and facets
[20]. In addition, design principles need to guide the design of the entire enterprise [20].
ECDA’s heuristic supports a holistic approach, but for the purpose of this article, we
only focused on a single function, i.e. child caregiving, to demonstrate a single cycle
of ECDA’s heuristic. Table 2 presents ECDA’s heuristic on the left-hand side and its
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application at a real-world ECDC at the right-hand side. We also grey-shaded the parts
of ECDA’s heuristic that were demonstrated.

Table 2. Scope of demonstrating ECDA’s heuristic

ECDA’s heuristic – holistic 
scope

ECDA’s application at ECDC

Functions (f1 f2…fn) as input. Single function (f1): child caregiving.
B. Identify performance areas 
(areas of concern).

Single performance area of concern: quality of caregiving.

A. Execute construction 
design cycles for selected 
design domains – current 
design.

See below.

Organization domain: What 
is the current design of the 
organization domain? Is it 
effective in terms of 
performance areas?

The current design for the function child caregiving, using 
the Cooperation Model (CM) to represent the current 
design (see Fig. 6). We believe that the essence of the 
current operations is effective in terms of quality of 
caregiving. The problem is that operations are not well
supported by ICT.

ICT domain: What is the 
current design of the ICT 
domain? Is it effective in 
terms of performance 
areas? Is it effective in 
supporting the organization
domain? If not, what 
functions are needed from 
the ICT domain?

The ICT domain is currently under-represented by the 
ECDC. It does not support the organization domain and 
has a detrimental effect on the quality of caregiving. Given 
the essential design of the child caregiving function, 
depicted in Fig. 6, the following functions are needed from
ICT: 
• Fact maintenance, i.e. creating, reading, updating and 

deleting facts associated with child reception, feeding, 
providing fluids, nappy changing, bathroom assisting, 
nap attending, temperature measuring, structured skill-
development, and go-home preparation.

• On-time reporting to the director, highlighting 
problems, e.g. push notifications where needed.

• Daily electronic reporting to parents.
Infrastructure domain: What is the current design of the infrastructure domain? Is it 
effective in terms of performance areas? Is it effective in supporting the organization 
domain? If not, what functions are needed for the infrastructure domain? Excluded for 
demonstration.
Human skills & know-how domain: What are the current human skills & know-how? Is it 
effective in terms of performance areas? Is it effective in supporting the organization 
domain? If not, what changes are needed? Excluded for demonstration.
Other facets: What are the current facets? Are they effective in terms of performance 
areas? If not, what changes are needed? Excluded for demonstration.

C. Identify constructional 
requirements and
specifications.

See below.

Organization domain: What 
constructional 
requirements should be 
addressed by the future 
design of the organization 
domain?

Since the current organizational design for child caregiving
is sufficient, there is no need to identify constructional 
requirements for the future design of the organisation.

ICT domain: What Constructional requirements for an ICT solution specify 

(continued)
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Table 2. (continued)

ECDA’s heuristic – holistic 
scope

ECDA’s application at ECDC

constructional 
requirements should be 
addressed by the future 
design of the ICT domain?

that the solution:
• Must be cloud-based.
• Must be easy to use.
• Must be accessed via single sign-on using fingerprint-

identification.
• Must be available 100% of the time, accessible on- or 

off-line. In event of being off-line, data will be 
uploaded as soon as connectivity is restored.

• Must be easily accessible to the primary caregiver, 
such as a hand-held device.

• Must be accessible to multiple users in real time, e.g. 
parents, the director and caregiver. 

• Must be the core communication interface between the 
ECDC and parents. 

Infrastructure domain: What constructional requirements should be addressed by the 
future design of the infrastructure domain? Excluded for demonstration.
Human skills & know-how domain: The concept of constructional requirements is NOT 
applicable to human skills & know-how. Excluded for demonstration.
Other facets: The concept of constructional requirements is NOT applicable to other 
facets. Excluded for demonstration.

D. Extract design principles 
to guide future design.

From the constructional requirements that were identified 
for the ICT solution (Activity C), the following are generic 
for the ICT domain:
• Must be cloud-based.
• Must be easy to use.

A. Execute construction 
design cycles for selected 
design domains – future 
design.

See below.

Organization domain: What 
future design of the 
organization domain will
address identified
constructional 
requirements?

Future design will be the same as the current design, i.e. 
the essential operations, as depicted in Fig. 6 also represent 
the future design.

ICT domain: What future 
design of the ICT domain 
will address organization-
supporting functions and 
identified constructional 
requirements? 

Although not detailed here, alternative constructs will be 
compared against the required functions and constructional 
requirements. It is possible that existing software solutions
exist that may be bought off-the-shelf. Alternatively, a new 
software application will have to be developed.

Infrastructure domain: What future design of the infrastructure domain will address 
organization-supporting functions and identified constructional requirements? Excluded 
for demonstration.
Human skills & know-how domain: What future human skills & know-how will support 
the organization domain? Excluded for demonstration.
Other facets: What should be the arrangement of future facets? Excluded for 
demonstration.
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As indicated in Fig. 3, ECDA’s heuristic requires the main user to select a func-
tion as main input to perform the four main activities. The function child caregiving
was selected to demonstrate the heuristic, since its management and administration is
currently inadequate due to inefficient ICT support in providing timeous feedback to
management when new production facts come into existence. Inadequate management
has a detrimental effect on one of the performance areas, i.e. quality of caregiving (Fig. 6).
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transac on ID transac on kind product ID product kind executor ID executor role
TK01 child recep on PK01 [child] is received AR01 child receiver
TK02 child caring PK02 child caring for [day] is done AR02 child carer
TK03 feeding PK03 the feeding for [child] at [ me] is done AR03 child feeder
TK04 providing fluids PK04 the fluid-provision for [child] at [ me] is done AR04 child fluid-provider
TK05 nappy changing PK05 the nappy for [child] at [ me] is changed AR05 child nappy changer
TK06 bathroom assis ng PK06 the bathroom-visit for [child] at [ me] is assisted AR06 child bathroom assistant
TK07 nap a ending PK07 the nap for [child] at [ me] is a ended AR07 child nap a endant
TK08 temperature measuring PK08 the temperature of [child] is measured AR08 child temperature measurer
TK09 structured skill-development PK09 the skill of [child] is developed AR09 child skill developer
TK10 medica on administering PK10 the medica on of [child] is administered AR10 medica on administrator
TK11 go-home prepara on PK11 [child] is prepared to go home AR11 go-home preparer
TK12 child collec on PK12 [child] is collected AR12 child collector

Fig. 6. The ECDC’s cooperation model, represented by the coordination structure diagram and
transactor product table

The demonstration of ECDA’s heuristic in Table 2 excluded theory from IC, even
though Fig. 5 provided a mapping to existing IC literature. During ECDA’s further
development and refinement, we believe that existing IC literature (as mapped in Fig. 5)
will be useful to further shape ECDA.

7 Conclusion and Future Research

IC is defined as the ability of an enterprise to pursue its objectives, and is therefore a
prerequisite for delivering quality services. IC is not a new concept in the public sector
performance arena, but not well defined or researched in the ECD sector.

ECDCs across South-Africa are sub optimal, indicating that less than half of all
registered centers having nothing more than staff attendance records or job descriptions.
Various solutions, frameworks and approaches exist, but none are integrated or con-
structed in a manner to guide administrators on how to develop IC, let alone inform the
(re)design of constructs in order to improve quality of services delivered. Thus, ECDA
is constructed to develop IC that is useful to ECD directors or administrators when they
need to improve quality of services.
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Metamodels provided the means of defining the rules at a higher level of abstraction,
and this in essence acted as an introduction to the abstraction levels adopted in this study.
The general conceptual modelling framework was used to explain how the ECDA was
constructed as an instantiation of EECM, a metamodel for enterprise design approaches.

ECDA as a theory-ingrained artefact was guided by (1) approach design principles
that were derived from EECM, (2) Hoogervorst’s approach, and (3) IC development
approaches. Through synthesis, it is shown and proven that the plathora of existing solu-
tions and frameworks were effectively integrated within ECDA’s heuristic. The heuristic
should enable ECDA’s main user to systematically (re-)design certain enterprise design
domains in order to have an impact on problematic performance areas.

We demonstrated ECDA’s heuristic within a real-world ECDC, starting with the
organisation domain’s current design and specifying the ICT domain’s future design
to address inefficiencies related to the administration and management of the function
child caregiving. Within its existing theoretical structure, we need to further develop
ECDA iteratively and in a participative way to ensure that it is useful within a real-world
ECDC context. In future, ECDA could also be tested within a different sector or industry
to test its suitability, robustness, mutability and scalability.

In closing, albeit significant progress has been made in the South-African early
childhood and Grade R spheres, ECDA as a theory-ingrained artefact has the ability to
develop IC, and thus improve the quality of services delivered. ECDA is poised to not
only have a contribution to the educational domain, but could have a societal impact for
the majority of South-Africa’s children.
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Abstract. Many organizations still struggle to translate strategy into design.
Enterprise Architecture (EA) can be regarded as a key function to facilitate strat-
egy execution. General Enterprise Architecting defines enterprise coherence as
‘the extent to which all relevant aspects of an enterprise are connected, in such a
way that these connections facilitate an enterprise obtaining/meeting its desired
results’. There is a growing need to demonstrate the importance and usefulness
in terms of the value that EA represents to an organization. Enterprise coherence
is currently not measured within enterprises. Graphs are key to understanding
systems on a quantitative and predictive basis. The core for enterprise coherence
calculation is a graph of interrelated directions and decisions, which we will call
the enterprise guidance graph (EGG). Based on EGG we envision an EC-index
that takes decisions and guiding statements as input, and gives enterprise coher-
ence as output. Inspiration for networks derived from natural systems has been
used to formulate metrics for organizations. The research encompasses an exper-
iment within an international financial company with circa 3000 employees, to
understand first behavior of the developed model in practice. We conclude that
an instrument for showing and measuring coherence is valued, and that support
is given for quantification through the use of graphs, with enterprise coherence
being one of the relevantmetrics. This research aims to aid in improving structured
enterprise engineering.

Keywords: Enterprise coherence · Enterprise guidance graph · General
Enterprise Architecting · GEA · Strategy · Enterprise design

1 Introduction

A key reason for strategic failures is lack of coherence and consistency [1]. Many orga-
nizations still struggle to translate strategy into design. A system view on organizations,
e.g. [2–4], learns that, since system viability relies on design [5], lack of coherence in
design threatens viability of an organization. The value of enterprise coherence drives
us to the research effort of quantifying enterprise coherence. This paper describes the
background for quantifying enterprise coherence in Sect. 2, research methodology and
artefact description in Sect. 3, a case study tomeasure coherence and its effects in Sect. 4.
Section 5 holds conclusions and discussion, and Sect. 6 lists items for further study.
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2 Background

2.1 Role of Enterprise Architecture

Enterprise Architecture (EA) can be regarded as a key function to facilitate strategy
execution [6]. EA is a competence to guide the design and build of the organization and
its aspects, in terms of e.g. business, information, application, infrastructure, security
and governance [7]. EA needs to balance between a large number of concerns, on a
large number of aspects, for a large number of stakeholders, and create coherent views
on the enterprise and on related decisions, and should focus on methods and tools that
provide the requisite coherence and adaptability [8]. Indications are that coherence in
organizations is unsatisfactory on average, and even poor when it concerns enterprise
design [9]. To translate strategy into enterprise design is one of the key functions of EA,
which indicates that EA is still unable to fulfill on its promise.

Within EA, several frameworks exist to bring strategy into enterprise design, e.g.
Dietz [6], Simon et al. [10], and Radeke [11]. Enterprise governance, which can be
considered as part of enterprise engineering, relates to the competence of enterprise
change and adaptation and thus reflects the process towards enterprise design [12].
Several scholars ([6, 13]) recognize the essence of EA in guiding enterprise designs and
the role that principles play. Principles, requirements and guidelines can e.g. greatly help
in ensuring standards within an enterprise to restrict the design freedom [14].

Under the axiom that lack of coherence will result in poor enterprise performance
the General Enterprise Architecting (GEA) [15–19] has coherence governance at the
heart of its method. To make coherence within an organization explicit GEA defines
connected levels of cohesive elements, including guiding statements, which are defined
as internally agreed and published statements, which direct desirable behavior [13].
Guiding statements may include policy statements, (normative) principles and objec-
tives. GEA defines enterprise coherence as ‘the extent to which all relevant aspects of
an enterprise are connected, in such a way that these connections facilitate an enterprise
obtaining/meeting its desired results’ [13]. Based on this definition, GEA constructs an
Enterprise Coherence Framework (ECF) that consists of a series of cohesive elements
and cohesive relationships, which together define the playing field for an enterprise’s
coherence. Enterprise Coherence is about coherence at the level of purpose, at the level
of design, and between the level of purpose and design. In that way the connections on
the level of design facilitate the enterprise meeting its results [13]. EA needs tools and
techniques that target more directly enterprise coherence [9].

2.2 Measurable Value in EA

There is a growing need to demonstrate the importance and usefulness in terms of the
value that EA represents to an organization [18]. Tamm et al. [19] show that the value
of EA is in either organizational alignment, information availability, resource portfolio
optimization, and/or resource complementarity. Rodrigues & Amaral [20] identified a
list of 29 key benefits/value drivers of Enterprise Architectures. While multiple quan-
tifications exist in modern EA (see e.g. [21]), identifying and quantifying the direct and
indirect impact of EA in organizations activities is amajor challenge. Observation is even
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that there is currently not a single benefit that can be measurable and, at the same time,
be achieved in a short-term period, however quantification of aspects may not be totally
impossible [18]. Quantification of enterprise coherence is in its infancy as well. Despite
some initiatives, e.g. [9], enterprise coherence is currently hardly measured within enter-
prises. We argue that measuring is expected to have a number of positive effects, e.g.
improved awareness on the importance of steering on coherence, capability to capture
design rationales for decisions (e.g. [22]), and higher awareness on the linkage between
enterprise decisions. Decision making is known to follow a two stage process: 1) carry
out a situation assessment, 2) use a decision method, e.g. intuitive or rational decision
making, to come to a course of action. Situation assessment is an attempt to make sense
of the present situation [23] and eliminate uncertainty that would otherwise constrain
the effectiveness of the decision-making [24]. Connecting with the proper (architecture)
guiding statements for the context can be regarded as part of situation assessment and as
such improve fast and effective decision-making. Since the latter predicts firm growth
and profit and mediates the relation of dynamism, munificence, centralization, and for-
malization with firm performance [25], there is likely value in (linking to) coherent
architectural guidance.

2.3 Graphs as Quantification Method

Understanding the interactions between the components of a system is key to under-
standing it on a quantitative and predictive basis. Networks (or graphs) are a tool for
keeping track of who is interacting with whom, at what strength, when, and in what way
[26]. Even when mechanisms are unexplained, the topology of the graph often allows to
understand its properties [26]. An earlier effort to quantify enterprise coherence showed
that all identified models were graph based [27].

Design inspiration for networks derived from natural systems has been receiving
increasing attention. Analogies between ecosystems and food webs and industrial net-
works, or other human systems that exchange materials and energy, is supported by
previous works, for example [28]. Trophic coherence, a measure of a network’s hier-
archical organization, based on the concept of trophic levels used mainly in ecology
[29], has been shown to be linked to a network’s structural and dynamical aspects [30].
Trophic coherence is the tendency of nodes to fall into well-defined trophic levels. It has
been related to several structural and dynamical properties of directed networks, includ-
ing stability and spreading processes. Trophic coherence allows for systems to become
more stable with size and edge density, and a ground why large, complex ecosystems
are observed to be the most stable [28]. Thus, trophic coherence can be regarded as the
extent to which a network approaches this state of order [31] which make it useful to
relate it to -recursive- structural elements of e.g. GEA. Representations of influence with
directed links from basal nodes to nodes higher in the hierarchy can be seen as transport
networks (e.g. [32]), where a kind of quantity (whether biomass, energy, or information)
originates in the sources and flows through the ecosystem, some of it reaching the sinks
[28, 29, 32]. Transport, coherence and stability of the system seem related [31]. Other
metrics that transfer from biosystems to industrial and organizational networks are e.g.
Link Density, Prey-to-Predator Ratio (PR), Specialized Predator Fraction (PS), Gener-
alization (G), Vulnerability (V), Mean Path Length (MPL) [33]. Another known metric
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is the ‘minimal cut’ between source and sink nodes that describes how sensible a graph
is to loose its connectivity that offers important insights into the structure of the graph
[32]. Since it is suggested that a group of (ecological) metrics is better used to come to
design rules of a network [33], we took up -next to coherence- also these other metrics
in our research.

3 Research Setup

3.1 Artefact

We envision an EC-index [34] that takes decisions and guiding statements (as grounds
for decision making) as input, and give enterprise coherence as output. The EC-index
dashboard will be enriched with other metrics as well. The EC-index has a target group
consisting of Enterprise Architects and Senior Management of organizations of over
750 employees, either national or international, commercial or not-for-profit, with a
more permanent character. The context is formed by the aim to support (architectural)
governance, by facilitating decisionmaking to come to amore sustainable enterprise.We
regard as requirements that the calculation must include enterprise coherence -adhering
to a (e.g. GEA) enterprise architecture definition-, be relevant and representative in
enterprises of the earlier described target group, and have added value in an enterprise
dashboard. Furthermore, it must be end user friendly, both in format and (re)calculation,
must be scalable and future proof, anddata gathering for calculationmust fit the enterprise
practice. The core for the calculation is a graph of interrelated directions and decisions
[27], which we will call the enterprise guidance graph (EGG). The EGG has enterprise
decisions as ‘leaves’. The other nodes are ‘guiding statements’, that, in another view, of
course are enterprise decisions as well. NB: This fits the notion of a food-web in which
predators are other animal’s prey. In terms of coherence we will take the bio-inspired
trophic coherence as starting point, and calculate the trophic incoherence parameter
q(EGG) as described by Moutsinas et al. [30]. In terms of influence dynamics [30],
new decisions trigger change in existing guidelines, and we interpret paths from source
(ultimate guideline) to sink (decision) node for now as ‘the buy-in for the decision’.
This confronts us with the question how to model the interrelationships between guiding
statements, and the relationships between decisions and guiding statements. We choose
to express expert opinion in a ‘Facebook like’ as follows: From the point of view of the
guiding statement, an expert ‘likes’ (supports) the decision. With this choice we stay
close to the original food web model and provide simplicity.

Current setup of de artefact, serving as a ‘MinimumViable Product’(MVP) is as fol-
lows: inputs are collected in Microsoft MS Forms during the assessments, subsequently
inserted into matrices in MS Excel, and then exported to R Studio to perform metrics
calculations. Graphs were visualized in Gephi to support analysis and basic data manip-
ulation (e.g. deletion of unused nodes). Manipulated graphs were exported as csv to R
Studio directly to perform new metrics calculations. Exporting a graph in Archimate
3 language from BizzDesign Enterprise Studio through Excel has been done as a test,
with positive result.
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3.2 Research Methodology

For the earlier design of the GEA theory and their artefacts the research methodology
Design Science (DSRM) of Hevner et al. [35] and Wieringa [36], including the design
science research methodology process (DSRM process) of Peffers et al. [37] has been
followed. Also, artefact evaluation based on Gregor et al.’s anatomy of a design theory
[38] has been used. For the evaluation of theory and artefacts Yin [39] has been applied.

For this artefact we will use these same research methodologies. We will formulate a
research problem, that will lead to our research questions and a description of the artefact
to develop, and use case study as a mean to strengthen both design and knowledge. The
case study in this paper can be interpreted as single case experiments under idealized
conditions to aid in developing the artefact [36], with the primary goal to assess whether
it is feasible to construct a meaningful quantification of enterprise coherence.

3.3 Problem Statement

The presumption is that in spite of the developments on enterprise coherence gover-
nance, enterprises still lack on coherence, and that measurement of enterprise coherence
will strengthen the need for moving towards improved enterprise coherence governance,
which in turn will promote transparency of decision-making, delivery of reasoned deci-
sions, and respect for proportionality in decision-making. This will improve viability
of organizations. Our problem statement is formulated as follows: generic metrics that
would allow to assess decisions, architectures, and even enterprises on their coherence
is lacking. Based on the principle ‘what gets measured gets done’, lack of measurement
indicates that enterprise coherence gets overlooked within the average organization,
which weakens governance.

3.4 Research Questions

The aim is to develop an artefact, that measures enterprise coherence itself. We will call
this additional artefact the EC-index. Our research question is: how to quantify enterprise
coherence? High level design questions are:

1. How can we measure enterprise coherence for a certain domain at a certain point in
time?

2. How does this give clues to improving guidance in enterprise decision making?
3. How can we measure the improvement of decision making?

In terms of the instrument tomeasure enterprise coherence, more detailed knowledge
questions are e.g.:

1. How can trophic coherence be measured on an Object of Study (OoS)?
2. What is the effect of adding, changing or deleting a decision?
3. How does trophic coherence scale, e.g. by aggregating OoS?

This leads us to the hypotheses for this paper as stated in the next section. E.g.
l imitations and opportunities for enterprise use of bio-inspired, but mathematically
generalized, metrics will be part of further study.
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3.5 Hypotheses

Our model relies on expert opinion and we take the ‘Facebook like’ as a basis for graph
links. This leads to our first hypothesis.

– Hypothesis 1: the ‘like’ is intuitive, ‘good-enough’, and easy to use.

Link Density is the number of links with respect to the number of nodes. We regard
this as a measure of maturity of the EGG, and associate this with maturity of this
governance practice.

– Hypothesis 2: Link Density will be a measure for coherence governance maturity.

When decisions are taken at the right spot, it may be clear indeed that coherence
in the organization is improved. If trophic coherence is higher, i.e. if directions and
decisions fall better into the frames where decision makers need and expect them, we
expect improved decision making: decisions/guiding statements and decision makers
will be a better match on average. We expect the improved decision making to be more
thorough on average, which will lead to less rework.

– Hypothesis 3: high EGG trophic coherence means low rework.

The minimal cut of a graph describes how sensitive a graph is to lose its connectivity.
We are interested if a decision (sink node) connects to the enterprise’s identity and
strategy (source node), so in whether there is a path to it. The argument is that if a
decision fits an organization’s strategic storyline, it is more likely that the decision, once
effectuated, does not need to be reversed. Reversal of a decision comes with rework. We
focus for now on the size of the minimal cut (i.e. amount of edges or vertices that need
to be removed).

– Hypothesis 4: high minimal cut size means robust decisions, with low chance of
rework.

In the current experiment we focus on underpinning for these hypotheses.

4 Case in an International Organization

We will use a single case experiment with realistic conditions and expert opinion. This
is to understand first behavior of the developed model in practice, and to weed out bad
design parts early.

4.1 Object of Study

The organization is an international financial company with circa 3000 employees, with
head office in The Netherlands. The organization is subdivided into various business
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units. The business units are organized in an agile way in terms of value streams. Value
streams encompass DevOps teams that focus on the development of a particular func-
tional domain. As Object of Study (OoS) we take decisions made in a DevOps team,
and connect with the relevant directional context. This directional context consists of
guiding statements with a goal character, e.g. strategic goals and their related objectives,
and with a principle character. In the experiment the decision will be connected to the
guiding statements, guiding statements will be related to each other, and subsequently
coherence (and other) calculations are performed. The outcomes of the calculations are
analyzed and discussed. Company policy does not allow to publish the decisions and
guiding statements but they are available on direct request to the authors.

4.2 Experiment Setup

In the experiment a network of existing guiding statements (the Enterprise Guidance
Graph ‘EGG’) was constructed to understand their contribution to enterprise decision
making. The experiment is also used as a starting point for revitalizing existing principles
and guidelines, because for several years this has been neglected, at least methodological
application. In this endeavor both a theoretical framework is used as top-down approach
to (re)define principles and guidelines, and a ‘proof of concept’ is setup as bottom-
up approach, to understand how principles and guidelines aid in coming to correct
decisions, and eventually howdecisionsmay influence existing principles andguidelines.
A group of four domain and enterprise architects assessed two decisions against guiding
statements andvice versa during a total of three sessions.With individuals from this group
semi-structured interviewswere held before and after the assessments, in order to get their
(change in) expert opinion on the research. Furthermore, semi-structured interviewswere
heldwith theHead of EnterpriseArchitecture on the used framework,with two enterprise
architects on the connections between various guiding statements, with a member of the
strategic transformation office of the company on the interrelationships between strategic
guiding statements and with resulting initiatives. Material from strategic direction, and
from a larger base of guiding statements was studied. Finally, use was made from the
system JIRA to obtain the initiative context in which the decision was required. The
specific decisions under study were brought forward by domain architects that were
closely involved in the decision making. The first decision, that we will call ED1, was
selected, because intervention on the highest level was required to make the decision
pass. The second decision, that we will call ED2, represents a case where an enterprise
architect’s view overruled the initial preference of the domain architect. Both decisions
were well described as formal Architectural Decision conform a structured template,
and have a formal status within the organization, which means that they ran through
multiple boards in order to be approved. During the sessions the respective decisions
were assessed from the point of view of the available guiding statement network. Guiding
statements were available on the local domain, on enterprise architecture level, and on
strategic level. Decisions were directly assessed from the guiding statements of both the
domain level as well as the enterprise architecture level, in order to assess differences in
coherence. The total experiment encompassed calculation and analysis of the following
cases:
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1. Guiding statements for decision ED1
2. Guiding statements for decision ED2
3. Guiding statements for decisions ED1 and ED2 combined
4. Guiding statements with a goal character for decision ED1

No separate goals graph was made for decision ED2, because the method and
therefore the result is basically the same as for ED1.

4.3 Results

The experiment lead to results for the cases as described earlier. For decisions ED1, ED2
and ED1 and ED2 combined, the resulting EGGs are shown in Fig. 1, Fig. 2 and Fig. 3.

Fig. 1. Enterprise Guidance Graph for Enterprise Decision ED1

Fig. 2. Enterprise Guidance Graph for Enterprise Decision ED2
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Fig. 3. Enterprise Guidance Graph for Enterprise Decisions ED1 and ED2 combined

Decisions ED1 vs Principle Guiding Statements. The resulting metrics are given in
Table 1. We compare the results with targets from food web metrics [33] in order to
have a (because of network generalization [30]) -defendable- starting point. This is
only a temporary norm, due to the absence of comparing figures. To obtain comparing
figures is part of further study. In all cases Link density is poor, which is in line with
expectation, since the organization is only restarting principles & guidelines practices
and is therefore considered immature at this point. Coherence is good (low incoherence)
in all cases. This could be a reflection that the relatively lownumber of guiding statements
that were available, were in fact well attributable to hierarchical levels. At the same time,
because of the relatively low numbers, we must consider the coherence figures flattered.
For minimal cut we have no figures yet to compare to, however in our interpretation
as robustness on buy-in from the top for the decision, we would prefer that it is much
larger than 1. A minimal cut of 6 for decision ED1 may be therefore quite good: at
least there are multiple paths from source to sink node. The decision ED1 is thoroughly
discussed within the organization and reversal is not expected within the next 10 years.
In case ED2 minimal cut is substantially lower. The decision ED2 is discussed within
the organization, but only with a limited group, and should introduce a new architecture
on this point. This architecture is clearly not yet stable, which is indeed expressed in the
figures. Minimal cut only applies to single decisions, therefore the combined case we
see for now as not applicable.

Decision ED1 vs Goal Guiding Statements. For decision ED1 the resulting EGG is
shown in Fig. 4, but then, instead from a principles view, from a goal-view.

The resulting metrics are given in Table 2. We again compare the results with targets
from food web metrics. What must be said is that all development activities, in terms
of stories and features to realize, are connected to higher level strategic initiatives and
ultimately to the enterprises vision and mission. At the same time, connection of deci-
sions to goals is not a institutionalized activity. Therefore, from the view of our case,
Link density is poor. Coherence is satisfying which reflects the adequate building up of
initiatives towards the top. We expect that application of more decisions will give a rise



222 J. Bekel and R. Wagter

Table 1. EGG Metrics for decisions ED1, ED2, and ED1&2.

EGG Metric ED1 ED2 ED1&2 Target (FW)

Link
Density

1.83 1.87 1.63 5.00

Incoherence 0.38 0.40 0.37 0.25

Minimal
Cut

6 3 N.A >>1

Fig. 4. Enterprise Guidance Graph for Enterprise Decision ED1 vs goals

of coherence against goals. Although we have no comparing results yet, we expect that
a minimal cut of 1 is critical. This gives the impression of a decision that reaches goals
with only a small basis in the organization.

Table 2. EGG Metrics for decision ED1 vs goals.

EGG Metric Value Target (FW)

Link
Density

1.13 5.00

Incoherence 0.36 0.25

Minimal cut 1 >>1
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4.4 Expert Feedback

As stated, the case study is to aid in developing the artefact, and to see whether it is
feasible to construct a meaningful quantification of enterprise coherence. To support this
goal, expert feedback was collected using semi-structured interviews with (enterprise)
architects. The structure was given with two surveys, of which the results are available
with the authors.

The first set of semi-structured interviews led to the following results:

– Enterprise coherence is regarded as important, and it must be defined very clearly
what is meant. Interpretations align with the GEA view of level of purpose, level of
design and the interrelationships between them.

– The need for coherence is felt for reasons of efficient production with the right
initiatives and not too many dependencies, and for understanding of context.

– There is some perceived value in a metric for enterprise coherence, and some believe
that this may be possible.

– The percolation concept (paths from source to sink nodes) could be understood by
the participants, and the concept is perceived as strong in that it gives some view on
and strength of the rationales in the enterprise in relation with decisions.

– However, the value of an instrument that measures coherence, if defined correctly, is
regarded as positive. This is with a background of participants that value metrics in
general as slightly positive. As critical success factors objectivity and repeatability,
and proper use cases where mentioned.

The second survey led to the following results:

– An instrument such as EC-INDEX is regarded as positively influencing architectural
practices, and expected to contribute to improved enterprise coherence.

– The model decision to use the ‘like’ as a way to interconnect guiding statements and
decisions is regarded as correct, intuitive, and user-friendly.

– Enterprise coherence, in the bio-inspired ‘trophic’/’hierarchical’ meaning, and other
described metrics, are expected to contribute to recognized enterprise values, more
specifically to lower rework, lower number of conflicts, and more consistent and
coherent decision making.

5 Discussion

This research aims to help organizations to be more coherent in their decision making,
by improving their decisionmaking structure, andmeasuring these improvements. Since
this is a new field in enterprise architecture, where quantification is almost fully absent,
this gives rise to a large number of new discussion points. First of all, we look at the
hypotheses to validate with the experiment:

– Hypothesis 1: We take the ‘like’ as a way to incorporate intangible, expert opinion, in
the model. We argue that this is an easy, intuitive, and -while based on expert opinion-
sufficiently correct way to express influences, at least to start with. The answers to the
survey give support to this.



224 J. Bekel and R. Wagter

– Hypothesis 2: Link Density as representative for maturity. Link Density is low in all
researched cases. The enterprise at hand is on the eve of a new setup of a principles and
guideline framework, in the recognition that this has been neglected in the past years.
Therefore maturity is expected to be low. The experiment therefore gives support to
the hypothesis.

– Hypothesis 3: Low incoherence results in low rework. From the metrics we cannot
draw a conclusion on this hypothesis. Expert opinion supports the reasoning that
the modeled incoherence parameter will reflect the chance for lower rework. This
strengthens somewhat the believe that the bio-inspiredmeasure for (in)coherence,with
the proper translation through EGG, can be used to represent ‘enterprise coherence’,
thereby giving a quantification for enterprise coherence.

– Hypothesis 4: Minimal cut as indicative for decision stability. The experiment showed
higher minimal cut for the organization wide discussed decision versus the less broad
discussed decision. The latter decision was also part of a new architectural setup that
is yet immature. Minimal cut gives indication to this case, so we conclude that the
results of the experiment give support to this hypothesis.

Other discussion points are:

– We take a graph of the embedding of decision making in organizational guiding
statements as a representative model for decision making in the organizations, while
there exists large variety in influences on decision making, e.g. power structures,
historic behavior, trends. We find this defendable, because the ‘EGG’ represents the
more common, and often rational part of decision making. By improving coherence
and other aspects, decision making can be expected to be improved, despite presence
of other influences.

– We expect the linking effort to happen in reality. At the same time we concluded
that the effort in the experiment was perceived as user unfriendly, and too much. So
an issue is how to organize the ‘administrative’ linking effort, so that the linking is
done by a sufficiently knowledgeable set of (local) experts, and that the linking effort
per decision can be limited. We conclude that governance is needed, and suggest an
architectural framework like GEA to support this ‘enterprise coherence governance’.

– Metrics results are directly compared with food-web metrics. While we defend this to
some extent, based on the argument that the food-web graph has already been proven
to be extendible outside the bio-domain, it is clear that extensive research is required
to allow improved benchmarking and propose this for further study.

From the expert interviews we conclude that an instrument for showing and mea-
suring coherence is valued, and that parts of this value are plausible. It is too early to
complete the view on applicability and limitations of all metrics, but the experiment
fulfilled the goal to aid in development of the artefact, and can be interpreted as giving
support for using quantification through the use of graphs, with enterprise coherence
being one of the relevant metrics.
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6 Further Study

This research aims to help organizations to be more coherent in their decision making.
With EGG and the measurement instrument EC-INDEXwemade it possible to measure
enterprise coherence and some other relevant metrics that give insight in the structure
of organizational decision making. Further study should include doing measurements
in various domains and organizations, as to understand how metrics compare. This
will allow to research the hypotheses as stated in this article. Furthermore, governance
on the EGG should be setup. This would allow to give more consistency in measure-
ment and broaden experiments. Finally, the measurement instrument EC-INDEX must
be improved in terms of user-friendliness, measurement speed, and portability. This
would allow to broaden experiments, and also test coherence measurements in real-life
situations.
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Abstract. Our research program aims at finding and testing methods
that allow organizations to become more RUN-time adaptive enterprises,
with a near-zero time-to-market for new or changed products and ser-
vices. Indeed, to thrive in increasingly more disruptive environments,
an enterprise’s IT time-to-market should sustainably no longer be on
the critical path of business time-to-market. Earlier research suggests
that key elements for such a method are (a) an organization and IT
agnostic way of modeling products and services and its collaboration
network, using DEMO, (b) a universal transaction pattern of coordina-
tion and production acts as atoms for building business processes, and
(c) designing the aspects in which organizational adaptivity is desired,
in terms of Organization Implementation Variables (OIVs). To test the
combined application of these elements in practice, ICTU and Capgem-
ini conducted a Proof of Concept on Social Housing during 5 weeks.
The resulting application, built with the Mendix low code platform,
showed the ability to reorganize – in this case: reconfiguring account-
abilities inside and across organizations – at run-time, without the need
to change software. Future research should clarify to what extent such
intrinsic application adaptivity can be increased, e.g., by (a) embedding
the use of APIs, (b) automated support of all coordination acts in the
universal transaction pattern, and (c) parametrizing more OIVs.
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1 Introduction

As strategic and operating conditions become increasingly turbulent due to fac-
tors such as hyper-competition, increasing demands from customers, regulatory
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changes, and technological advancements, the ability to change with an ever
decreasing time-to-market, often referred to as ‘agility’ [14], becomes an impor-
tant determinant of firm success [17]. Though change occurs in organizational
essence, such as products and services delivered, most of the time change deals
with different implementations [5], e.g., the shifting of responsibilities to different
parts of the organization. Our research program aims at finding and testing meth-
ods that allow organizations to become more RUN-time adaptive – as opposed to
DESIGN-time adaptive, where changes in the design phase typically take weeks
to years for transformation projects/programs to change the operation accord-
ingly – enterprises, with a near-zero time-to-market for new or changed products
and services – in which the enterprise’s IT time-to-market should sustainably be
no longer on the critical path of its business time-to-market.

Earlier research [7] suggests that key elements for such a method are (a)
an organization and IT agnostic way of modeling products and services and
its collaboration network, using the Design and Engineering Methodology for
Organizations (DEMO), (b) a universal transaction pattern of coordination and
production acts as atoms for building business processes, and (c) designing the
aspects in which organizational adaptivity is desired, in terms of OIVs. While
this sounds promising, it has only been tested with an undocumented prototype
[7]; a traceable and documented implementation for a real case, from product
definition to working software, is missing.

To test and document the combined application of these method elements in
practice, ICTU and Capgemini conducted a Proof of Concept (PoC) on Social
Housing during 5 weeks. This PoC, built with the Mendix low code platform,
focuses on flexibility in implementation, starting with drafting the implemen-
tation independent collaboration design (with DEMO) – taking the product
definition and its Quality of Service as a given, therefore the impact of (for-
malizing) product variability is out of scope for this PoC. This meant exploring
the required organizational flexibility and a possible IT implementation that
only depends on the products to be delivered – supporting the universal pat-
tern for communication and collaboration between actors and with known and
consciously chosen dimensions of organizational adaptivity, to be changed at
run-time.

The remainder of this paper is structured as follows. The research design
(Sect. 2) introduces the way of thinking and embeds this in a way of working.
Next, the actual intervention (Sect. 3) is described as well as its results (Sect. 4),
supporting the conclusions and future research directions (Sect. 5).

2 Research Design

2.1 Proposed Method: Way of Thinking

Our Way of Thinking (WoT) strictly separates the concerns of the essence of
an enterprise from its organization and IT implementation, while also traceably
connecting those concerns. The WoT therefore consists of 4 building blocks and a
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vision on how they relate. From DEMO we use (1) its universal transaction pat-
tern, applicable to any kind of service delivery, and (2) its notion of an essential
model that is implementation independent, given that the products and services
of a Scope of Interest (SoI) are defined – in which we understand implementa-
tion as the assigning of people and means (including Information Technology).
For organization implementation choices and its degrees of freedom, we use (3)
the notion of OIV. For Information Technology (IT) implementation, we use (4)
the concepts of low code. Finally we will express the relationship between these
building blocks in terms of linking their metamodels – to be tested in this PoC.

DEMO’s Universal Transaction Pattern: the first building block of our
WoT is DEMO’s universal pattern of collaboration in business processes [6].
DEMO sees an enterprise – any goal-oriented cooperative – as a network of actors
that enter into and comply with commitments. Each commitment is raised in
a coordination act (C-act) and results in the corresponding coordination fact
(C-fact) – e.g., performing a request act concerning some product results in the
fact that the product is requested. Coordination acts/facts – the atomic build-
ing blocks of organizational processes – about the same product (or production
fact (P-fact)), such as “baked pizza pepperoni #125”, occur in particular pat-
terns of interaction, called the transaction – the molecular building block of
organizations. This universal transaction pattern comprises the “basic pattern”
(request, promise, declare, accept), but also its “discussion and discourse layers”
(decline, reject, and revocations). Every transaction (instance) is of a particular
transaction kind – e.g., “pizza baking”. A transaction kind concerns one specific
product kind – e.g., “baked pizza” – has one specific actor role – e.g., “pizza
baker” – as its executor role, and can have multiple actor roles as its initiator
role. Note that a subject (human being) can fulfill more than one actor role –
e.g., Mario may fulfill both the actor roles “pizza baker” and “stock controller”.

DEMO’s Essential Model: this second building block of our WoT, also called
the enterprise ontology, is the highest level white-box model of the construction
and operation of an enterprise. Since it only depends on an enterprise’s products
and services, it is fully independent from the way in which it is realized and
implemented – which makes it organization and IT agnostic. DEMO’s essential
model consists of an integrated whole of four aspect models:

Cooperation Model (CM) models the construction of the enterprise; it con-
sists of transaction kinds, associated (initiating and executing) actor roles,
access links for actor roles to inspect transaction banks, and wait links from
transaction kinds to actor roles;

Process Model (PM) models the processes that take place as the effect of acts
by actors, by detailing the coordination between actor roles – specifying the
state and transition space of the coordination world by making explicit the
causal and wait links between C-acts from the universal transaction pattern;

Fact Model (FM) is the semantic model of products of the enterprise – speci-
fying the state and transition space of its production world in terms of entity
types with their related product kinds, property types, attribute types and
value types, existence laws and occurrence laws;
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Action Model (AM) is a model of the operation of the enterprise, guid-
ing actors in performing production act (P-act)s (via work instructions) and
C-acts (via action rules) – specifying for every C-fact on which the enterprise
has to react (agendum kind) one or more action rules.

Organization Implementation Variables (OIVs): the notion of OIV, the
third building block of our WoT, expresses a degree of freedom in organizational
implementation. Indeed, when a product/service is decided upon, and the collab-
oration network needed for its delivery has been revealed in a DEMO model, still
many degrees of freedom exist before an organization can become operational
[6, p. 349]. Some examples of the 25 of such OIVs[7] include:

– deciding upon functionary types and which actor roles or coordination acts
they should fulfill – e.g., the functionary type “cook” that fulfills both the
actor roles “baker” and “stock controller”; or the functionary type “deliv-
erer” who is authorized for the transaction kind “transporting” (including
the C-acts of promising and declaring the transport), and also for (the C-act
of) accepting the customer payment;

– deciding on order of working – e.g., should delivery only be done after receiv-
ing payment (as common in retail) or is it (also) possible to pay afterwards
(more common in B2B); and

– deciding on work locations & organizational units, e.g., which branches of the
pizzeria do exist, and what functionary types do exist there.

Organization implementations, and therefore the value of OIVs, will change far
more often than the products/services they help deliver. E.g., actor roles as
“sales” and “baker” are stable notions in a pizzeria, just as the C-act “accept
payment”; what might change often is the authority of a functionary type –
answering questions such as “shall we combine the actor roles of sales and baker
in one functionary type in the first months of opening our new pizzeria branch?”
or “shall we take the responsibility for accepting payments away from our func-
tionary type deliverer, now payment accepting is executed automatically by a
web agent under the (outsourced) responsibility of a payment service provider?”.
For a run-time adaptive enterprise it is a priority that frequently occurring
changes, typically implementation choices, are not on its critical path; there-
fore ideally it should be possible to make such changes at run-time, including
its impact in software. However, organizationally variability is so large that con-
scious choices have to be made what organizational changes should be made
possible at run-time. Even the simplistic assumption of each of the 25 OIVs
able to independently change with 3 values each already creates 325 ≈ 3.5 ∗ 1011

different organizational implementations for each transaction kind – a problem
for automation, but even more so for human overview.

Low Code: this fourth building block of our WoT refers to a style of software
development and the use of specific platforms. Low code development platforms
allow the creation of application software through graphical user interfaces and
configuration instead of traditional procedural computer programming [4,20].
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Depending on the features of the platform being used and the overall system
requirements, the developer may or may not have to augment the design with
some good old-fashioned code, or the platform may produce an entire working
solution with no additional code required [9]. Low code platforms are recent
enablers of Model Driven Development [12], that rely on code generation, model
interpretation or a combination of both. Claimed benefits of low code include
[10,16] (a) the ability to produce complex and effective software in shorter time,
thus shortening IT time-to-market, and (b) less technical skills needed to produce
software, as a response to the growing shortage of technical IT people - with low
code, business analysts, architects and even end users can build software and pro-
totype new (business) ideas. Example characteristics of such platforms include
generation of data models by importing existing spreadsheets or databases and
generating interfaces (both screens and API’s) for data management, to build
upon to enrich the user experience, not only for desktop applications but also
for tablet and mobile devices.

Low code platforms rely on the 3 basic concepts data (entity), logic (or action
or (micro)service) and interface (screen or API), and their interrelations. Com-
pared to traditional programming languages like Java and .Net, which mainly
rely on the concepts of class and method, the metamodel of low code is richer
and closer to the business, making it easier to, e.g., connect the information need
of an actor role (as described in DEMO’s essential model) to a technical interface
to retrieve the corresponding data. However, low code introduces IT variability
(e.g., changing from one database to another, or from one front-end framework
to another) rather than variability in organizational implementation. It is still
very easy with these platforms to hard code organization implementation [3],
and thus up to the developer to implement concepts to support the required
organization implementation variability.

Relationship Between These Buildings Blocks: The relationship between
DEMO and OIVs is apparent[7]; some implementation choices will be directly
related to the discerned transaction kinds or actor roles, e.g., in relating func-
tionary types to agendum kinds. The relationship between DEMO and low code
seems likely: the DEMO FM provides a good basis to model data, the DEMO
AM provides a basis to model logic, and interfaces (either screens or API’s) pro-
vide a way for actors (either human or automated) to enter the system, based
on authorizations. The relationship between organization implementation and
low code, is where we can add to both existing IT implementations of DEMO
models and to low code: to make explicit, also in software, what organization
implementation flexibility is required.

2.2 Proposed Method: Way of Working

We will now elaborate a Way of Working (WoW) to develop an application
with known organizational flexibility for a small business domain, building on
the expounded WoT. We designed our approach to consist of four elements,
executed in an agile way, allowing for iteration and continuous improvement:
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1. create and validate the essential (DEMO) model of the business domain, using
existing materials such as product descriptions, process models, data models
and working instructions, next to input of subject matter experts;

2. identify the needed organizational variability for the business domain, in
terms of what OIVs should be changeable at run-time – and elicit them in an
essential model for the organizational implementation domain;

3. map the essential models – one for the business and one for the organizational
implementation – to the low code platform, exploring the mapping from the
metamodel of the essential model to the metamodel of the low code platform;

4. establish what organizational flexibility has been achieved.

3 The Intervention

3.1 Context of the Intervention

Many (also governmental) enterprises in the Netherlands face continuous reor-
ganizations to deliver the same products and services by different organizations.
Expected benefits vary from a better tuning of services to citizens and firms
to simply cost savings. Typical examples include the shifting of social domain
responsibilities from national to municipality level, and the emergent collabora-
tion (sharing, sourcing) between municipalities and/or private organizations.

From its mission ‘working for a better digital government’, the Dutch state
governed Foundation ICT execUtion organization (ICTU) is actively promoting
a curious and personal government, in which the human dimension is leading in
serving the citizen. ICTU therefore starts from the context, lifeworld and termi-
nology of the citizen to address his/her real needs, especially the weakest ones –
such as dependent, non-self-reliant and care avoiding people. As a consequence,
the government in communication with its citizen should use terminology which
is meaningful for the citizen, takes the intention of the citizen as a starting point,
and operates from an Open World Assumption [18]. Therefore ICTU wants to
invest in methods, ICT solutions and platforms that are open for these principles
and assumptions, take continuous change and reorganization as a starting point,
and can be shared publicly.

As global leader in consulting, technology services and digital transforma-
tion, Capgemini invests at the forefront of innovation in its ambition to put its
customers in the driving seat for steering business agility. Such agility needs
both an agile development process (e.g., with SAFe® [19]) and agile products –
with known (in)flexibilities. Because of the stability and objectivity of its essen-
tial model, Capgemini has applied DEMO many times as a basis for redesigning
organizations and processes [6,15]. Also Capgemini invested in research on OIVs
to professionalize making choices in such redesigns [7]. And because of its great
way of creating flexible IT, Capgemini is a supporter of low code technology,
having global and local partnerships with many low code platform vendors. The
next step is to gain more knowledge about the transformation of DEMO models
and chosen organizational flexibility into working and run-time adaptive soft-
ware.
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3.2 Preparing the Intervention

First of all a suitable business domain had to be chosen. We selected Social
Housing because of its representativity for ICTU and because of the availability
of documentation. In Social Housing two main areas can be discerned, namely
(1) the registration of a home seeker as a member, and (2) assigning a house to
the member; we decided to focus on the first.

For this PoC we used Mendix [10] as low code platform, not only because
it can be used for free during PoCs, but also because of its Model API [11],
which enables us to automate the mapping from the DEMO and OIV models
to a Mendix application, ultimately also expected to be able to support new
products and services to be deployed within minutes. During the PoC we did a
manual conversion from DEMO and OIVs to Mendix, in order to gain experience
with the process of mapping.

Finally a team, a steering structure and agreements for collaboration during
the PoC were established. A team of 4 people (2.5 FTE) – a DEMO expert, a
junior business analyst, a senior Mendix developer and a junior Mendix devel-
oper, the latter three without previous DEMO- or OIV-knowledge – were dedi-
cated to execute 3 iterations during 5 weeks. The team regularly communicated
with the Product Owner, and at the end of every iteration with the steering
committee of ICTU and external stakeholders – demonstrating the progress and
discussing the course of action for next iteration.

3.3 Executing the Intervention

During the 3 iterations, the work was executed as follows, each iteration ending
with a working version of the application and a growing presentation:

1. team and product owner were introduced to one another; one day was spent
on education on DEMO and OIVs; then subsequently the CM and FM for
Social Housing were built and a start was made with choosing OIVs and
building its FM; some basic interfaces for data management were built;

2. then the focus shifted to building a first version of the AM for Social Housing,
including the building of some interfaces to handle c-acts;

3. finishing Social Housing’s AM and its FM testset and derivation rules, and
finalizing the Mendix application.

4 Results of the Intervention

Essential Model of the Social Housing Domain. The DEMO Cooperation
Model (Fig. 1) reveals the starting, periodic renewal and ending of a registration.
Starting the registration is initiated by the (aspirant) member and executed after
at least paying the registration fee. Every year the registration is renewed against
payment of a renewal fee. Ending of registration can be initiated by the member
(e.g., when moving to another area) or by the Social Housing organization (e.g.,
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in case of non payment of the renewal fee). The model shows that actors in
this domain need access to facts about Social Housing costs & terms, and about
person & living – intentionally abstracting from who should provide this access
and how, sparking lively discussions on how this could be achieved now (during
this PoC) or later.

Fig. 1. Cooperation Model Social Housing/registration

In the chosen low code platform it is beneficial to start early on with a data
model, for which the DEMO Fact Model (Fig. 2) constitutes the semantics. This
model expresses registration as core class, and its corresponding starting and
ending as event types. Next to that the (grey-colored, because outside the Scope
of Interest) class person appears, including the property that a person may be
the member and/or payer of a registration. Also the class {year} is included,
to express (a) the event type of yearly registration renewal, (b) the variable in
the (Cartesian product) class registration × {year} for the payment event
type, and (c) several decisions taken yearly, such as the standard registration fee.
In deciding upon starting a registration, the existence of active registrations for
and the age of a person are important; therefore the Derived Fact Specifications
of the model include algorithms for calculating those.

The team then decided to focus on the process for registration starting (T01
and T02), for which Fig. 3 shows the DEMO Process Model. The model expresses
that after having requested the starting of the registration, the (aspirant) mem-
ber is requested to pay. For the next steps in the process, two variants were
envisaged: having successfully paid the registration enables (a) actually executing
starting the registration (Fig. 3a), or (b) only promising to start the registration
(Fig. 3b). For this PoC, variant (a) was chosen.
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Fig. 2. Fact Model Social Housing/registration

Fig. 3. Process Model variants for Social Housing/registration

To guide actors in their decisions in the process for registration starting,
action rules were formulated in a DEMO Action Model, of which Fig. 4 shows the
action rule to settle the agendum kind registration starting is requested (T01/rq).
This rule assesses that the participants are authorized to play their (performer
and addressee) role in this request, that the (aspirant) member is at least 18 years
old and Dutch, and that (s)he doesn’t have an active registration already at this
moment. In that case, normally the registration starter can proceed to request
the (aspirant) member to pay the registration and also to promise that his/her
registration will be started; otherwise the registration starter normally should
decline to do so. Note that the action rule is not deterministic; the registration
starter remains free to responsibly deviate from this rule.

Organizational Variability for the Social Housing Domain. Having
explored the (stable and implementation independent) DEMO model for the
(registration part of the) Social Housing domain, we will now explore the orga-
nizational implementation and its desired flexibility. In the domain of Social
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Fig. 4. Action Model Social Housing/registration – action rule for (T01/rq)

Housing, it is important to be able to easily shift accountabilities and responsi-
bilities between organizations and functionary types. In terms of organizations,
roles can shift from one social housing association to an umbrella of social hous-
ing associations, or to a municipality, or may be in the future as a collaboration of
municipalities. The assignment of roles to functionary types shifts regularly, due
to changes in required education and competence level, compliance requirements
and labor market opportunities or constraints. Finally, it is common practice to
authorize persons to fulfill functionary types (and not directly to fulfill actor
roles, as defined in the DEMO CM). Therefore from the collection of OIVs [7],
Organizational Unit, Functionary type and Authorization were chosen.

Fig. 5. Fact Model for selected Organization Implementation Variables
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Fig. 6. Mendix data models

To comprehend the organization world that establishes those selected OIVs, a
separate DEMO model was drawn up, of which Fig. 5 shows the FM. It clarifies
that starting an organizational configuration is a separate transaction,
in which a certain functionary type (e.g., Civil Servant Social Housing) in a
certain organizational unit (e.g., City of Amsterdam) is assigned the right to
settle a certain agendum kind (e.g., act upon registration starting is requested
(T01/rq)). In starting an authorization, a certain person (e.g., George) is
assigned the right to act as a certain functionary type in a certain orga-
nizational unit –e.g., as Civil Servant Social Housing at City of Amsterdam,
and/or as Customer Contact Manager at Woningnet.

Mapping to the Mendix Low Code Platform. To build a Mendix applica-
tion for registration for Social Housing, we used the DEMO FMs (see Fig. 2 and
Fig. 5) to create the Mendix data models (see Fig. 6). The Social Housing specific
part was implemented in another module than the more generic OIV part and
DEMO parts, to enable reuse over multiple cases. The mapping itself is rather
straightforward: every DEMO entity class is mapped to a Mendix entity, every
DEMO attribute type is mapped to a Mendix attribute, and every property
type is mapped to a Mendix association; the event types are implemented with
an association to the generic transaction entity. As we could not use existing
(base) registrations for person and year, we choose to implement them our-
selves, by adding an integer for Year and a name and some contact details for
Person. Type choices were made for all attributes, and an identifier was added
to the Registration. Next to that, 2 Mendix actions were defined, based upon
the derived facts in the DEMO FM: one for calculating a person’s age and one
to check for active registrations.
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Fig. 7. Mendix implementation of the “truth part” of the Action Rule T01/rq

Additionally, using the calculations for the derived facts, an action was
defined for the “truth” part of the AM (see Fig. 7). As actors can deviate from
the action rules, a screen (Fig. 8) is created for the actor to act on the agendum
kind registration starting is requested (T01/rq), in which the result of (the truth
part of) the assessment is shown to the actor, combined with all other relevant
information, in order to take the decision to promise or decline the starting of
the registration. After expressing the decision, a note can be added, especially
when the decision differs from the result of the (truth part of the) assessment.

Fig. 8. Mapping Action Rule T01/rq “truth & response part” to Mendix interface



240 M. Op ’t Land et al.

Achieved Flexibility. By iteratively configuring an implementation and testing
it in practice, it was validated that changes in the implementation – e.g., adding
a functionary type, combining functionary types, changing an authorization, etc.
– were immediately handled and enforced by the application. E.g., the moment
a person is assigned to an appropriate functionary type for an organizational
unit, open T01/requests start to appear in his/her working list.

Also, as the application implements the action rules but allows actors to
deviate from them, we achieve another level of flexibility – usually applications
enforce these rules, by which an employee cannot decide otherwise, or a (poten-
tial) member cannot even perform the request if the rules aren’t met.

5 Conclusions and Future Research

5.1 Conclusions and Reflection

In terms of RUN-time enterprise adaptivity, we found that any change in terms of
the selected required Organizational Implementation Variability (OIVs) immedi-
ately became active in the application without any need to reprogram software.
Additionally, the application explicitly supports the autonomy for human actors
to (responsibly) deviate from action rules. Also, since the mapping from DEMO
and selected OIVs to working software is now made more explicit, if changes
occur at the essential model (e.g., adding a transaction kind) or in the required
flexibility, it is clear what changes in the software need to be made. With Mendix,
it is even possible to automate this process, with the usage of its model API.

Reflecting on the case, we found some other conclusions and questions:

– the DEMO Process Model is not necessary to build the application – indeed,
all information in the PM is covered in the AM;

– the achieved organizational flexibility also raises new questions, e.g., who
should be allowed to view C-facts recorded by a former employee: someone
with the same functionary type, or any functionary type when authorized
to act upon the corresponding agendum kind, or someone from the same
organizational unit, or . . . ?;

– currently the person details have to be captured manually, resulting in data
duplication and, worse, a lower degree of quality and reliability; ideally the
citizen consents to use all relevant data from Base Registries, following NL
(e.g., Regie op Gegevens [13]) and EU legislation (e.g., the Tallinn Declaration
on eGovernment (2017)), and the notion of Self-Sovereign Identity [1].

5.2 Future Research Directions

Future research should clarify to what extent the achieved intrinsic application
adaptivity can be increased to further enhance RUN-time enterprise adaptivity.

A first means is to systematically embed the use of APIs. To let the citizen
effectively exercise his right to share his personal data from Base Registries
for a certain purpose and period, it should be easily possible to give – and
withdraw – his consent to a party to access these data via public APIs. In the
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example of Social Housing, this would mean that the aspirant member agrees
with a statement such as “Hereby I grant my permission to <party> to use
my data solely for the handling of my registration and renting. After ending
my registration and renting, <party> will destroy these data.” The moment
a party is accessing his data, he receives a message on his smartwatch, such
as “5 min ago, <party> requested your income data, based upon your consent
of <datetime> for handling your registration and renting”. This mechanism
could be demonstrated using (method) stubs for the data according to standard
protocols, e.g., on income (Tax Service) or persons (Base Registry Persons).
And it would improve the accessibility of digital government services, also for
less digitally skilled citizens, and improve the quality and reliability of the data.

Secondly, the automated support of using the universal transaction pattern
should be strengthened. Examples for standard mechanisms, usable for any
transaction kind, independent of its specific product kind, include (a) moni-
toring the sequencing and time-outs of C-acts, (b) marking an agendum kind as
“picked up” or “dealt with” by an actor, (c) differentiating between the reason
for deviating from the action rules and the reason to be communicated to the
addressee, (d) providing insight in (not only current, but) all states of the trans-
action for all actors involved – e.g., aspirant member sees that he has to pay,
and also that registration starting has been promised – and (e) changing the
P-fact during the course of one transaction – e.g., allowing the declared P-fact
to intentionally differ from the promised one.

Thirdly, more understanding is needed in the effect of more organizational
flexibility by parametrizing more OIVs in the same application. This could also
provide insight in how the complexity of this – probably NP – problem is increas-
ing, and to what extent immediate activation of OIV changes in an application
can be expected. Additionally, this might ask for other methods like simulation
to provide insights in choosing between different organizational implementations.

Another helpful result would be a formal specification for the full transfor-
mation of DEMO and chosen OIVs to a low code platform, such as Mendix.

Finally, it would be great to connect our approach with formalisms for prod-
uct variability, such as in the financial (Risla [2]) or public (Legops [8]) sector.
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