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Abstract

Business processes exist in virtually every organization. Key in facilitating communication on
processes are process models, so it is important that process models are understandable and
readable. Layout of process models can contribute to understandability and readability. However,
there appears to be no clear set of theoretical guidelines for layout. In this research, existing
research on modelling guidelines is analysed on the presence of modelling guidelines that are
specific for layout. As a synthesis, a set of layout modelling guidelines is proposed. Furthermore,
layout modelling guidelines used by experts are analysed. The result of the theoretical and empirical
research are recommendations on a set of modelling guidelines that impact layout and visual appeal
of process models and contribute to process model understandability and readability.

Key terms

Business Process Modelling, guidelines, layout, understandability, readability, visual appeal,
secondary notation.



Summary

Business processes exist in many organizations. Modelling these business processes into business
process models helps organizations to communicate on processes. These business process models
help in understanding how activities flow through the organization, how responsibilities are
organized and how organizations work and operate. Furthermore, business process models provide
guidelines for employees how to perform tasks, serve as input for automation and can be useful in
organizational re-design. Understandability and readability of business process models are therefore
important qualities of these models.

Although literature on modelling business process models is available, layout of business process
models has received only limited attention. The objective of this research is to answer the main
research question, and to establish what modelling guidelines are described in scientific literature
and what modelling guidelines expert practitioners use. The main research question is:

Which process model layout guidelines lead to understandable and readable process
models?

A theoretical framework was built on relevant scientific literature to answer the research question.
The result of the theoretical framework is a set of modelling guidelines that have an impact on
layout. During the empirical research, semi-structured interviews were conducted with eight experts
from two organizations in the banking industry and housing corporation sector. The experts were
interviewed on modelling guidelines they use in practice and how they value layout and the
relevance of layout on the understandability and readability of process models. Furthermore, the
experts were asked how they assess the layout guidelines from the theoretical framework.

The experts mention that process modelling is performed mainly based on experience. They use the
syntax of a modelling language, but strict (layout) modelling guidelines are not followed. However,
they acknowledge that having a set of well defined (layout) modelling guidelines will be very useful
and even necessary. It will contribute to consistency in process modelling and process models, which
will not only improve the quality of the process models itself, but also the quality of the output. All
experts agree upon that size of a model is an important guideline in making a process model
understandable. Furthermore, the experts reckon that visual attractiveness is very important and
will definitely contribute to the understandability of process models.

Based on the existing body of knowledge and observations from the experts’ practice, the result of
this research highlights the importance of layout contributing to more understandable and readable
business processes. The existing modelling guidelines are based mainly on primary notation
elements, and to a much lesser extend on the visual variables which are part of the secondary
notation. Putting more emphasis on secondary notation will contribute to a more visually appealing
layout of process models, and having a visually appealing layout is recognized by experts as crucial
and contributing to understandability and readability of process models.
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1. Introduction

1.1. Background

Business processes exist in virtually all organizations. They can be regarded as a core asset for many
reasons. They have a direct impact on the products and services the organization is providing, time-
to-market, customer experience, efficiency and effectiveness, cost, etc. (Dumas, La Rosa, Mendling,
& Reijers, 2018). Modelling the flow of activities of business processes into business process models
can be a useful means in communicating how processes operate. Business process models, or
process models for short, help in understanding how the organization works, how activities are
flowing through the organization and how responsibilities are organised. Furthermore, they provide
guidelines for employees how to perform tasks, serve as input for automation of processes and they
are helpful in organizational re-design. However, with the variety of stakeholders that need to
interpret and understand process models, understandability and readability of process models
becomes a key quality of these process models (Corradini et al., 2018). Appealing visual layout of
these models can contribute to understandability and readability (Borkin et al., 2013; Lindgaard,
Fernandes, Dudek, & Brown, 2006). Responsible use of shapes, lines, symbols, fonts, colours, white
space and overall visual balance of the model can contribute to the visual appeal of process model
layouts. So far however, visual appeal has not received a lot of attention in literature on process
modelling.

1.2. Exploration of the topic

Process models are key in facilitating communication in organizations about processes. So it is crucial
that process models are of sufficient quality to establish trust in the process models. Quality is
evaluated on three different aspects; syntactic quality, semantic quality and pragmatic quality.
According to Dumas et al. (2018), syntactic quality relates to the conformance of a process model to
the syntactic rules of the modelling language. Semantic quality deals with the correct representation
of the real-world process and pragmatic quality relates to the usability of the process model. With
business processes growing in size and complexity, pragmatic quality, which relates to the
understandability of the process model, is becoming more important (Dikici, Turetken, & Demirors,
2018).

The ease with which the reader of a process model can understand the information contained in a
process model is defined as process model understandability (Reijers & Mendling, 2010). The
understandability of a process model is dependent on different factors; process model factors and
personal factors (Dikici et al., 2018; Reijers & Mendling, 2010). Process model factors relate to
characteristics that describe the model in more ‘technical’ terms such as the density of a model or its
structuredness. Personal factors take characteristics of the reader of the model into account, like
educational background or modelling expertise. The process model factors and personal factors
influence the process model understandability indicators, as shown in Figure 1.
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Figure 1. Factors influencing process model understandability (Dikici et al., 2018)

According to the framework described in Figure 1, one of the process model factors that contributes
to understandability is visual layout (PMF 5). Dikici et al. (2018) show that visual layout of a process
model has significant effects on process model understandability; more specifically on the
understandability task effectiveness (PMUI1) and efficiency (PMUI2) and on the intention to use the
process model (PMUIB).

1.3. Problem statement

Layout of the process model can contribute to understandability and readability (Bernstein & Soffer,
2015). Although a lot of research has been conducted on understandability of process models over
the last two decades, the visual layout of the process model itself has received less attention
(Bernstein & Soffer, 2015). There is no clear set of theoretical guidelines for layout. Furthermore, it is
not clear if practical guidelines for layout are used by practitioners and how well they work in
practice.

Therefore, the following problem statement is the basis for this research:
Appealing layout can contribute to the understandability and readability of process

models. However, nowadays there is no clear set of process model layout guidelines that
can be followed in developing visually appealing process models.



1.4. Research objective and questions

The goal of this research is to investigate whether there are clear guidelines that provide guidance
how to make visually appealing business process models that are easy to comprehend by their users.
The research question that is answered in this research is:

Which process model layout guidelines lead to understandable and readable process
models?

To answer the main research question, several sub-questions are answered. Answering the sub-
questions will contribute to finding an answer for the main question. The sub-questions are:

1. Which process model layout guidelines can be found in literature?

Which process model layout guidelines are used in practice?

3. What are the differences and similarities between process model layout guidelines found in
literature and process model layout guidelines used in practice?

4. What would be a recommended set of process model layout guidelines based on insights
from theory and practice?

o

Sub-question 1 is answered during the first part of this research, the construction of the theoretical
framework through a structured literature review. In the second part of the research, the empirical
research, answers are given to question 2, 3 and 4.

1.5. Motivation/relevance

Scientific value

Guidelines on modelling process models are found in scientific literature. They describe the same
phenomena in less or more detail, but there is, to a certain extent, ambiguity in how process
modelling guidelines are defined. In this research different sets of modelling guidelines are
compared and combined. Furthermore, there is special attention on modelling guidelines that
contribute to visually appealing process models, something that is found sparsely in literature. The
contribution of this research is a more comprehensive set of modelling guidelines emphasizing the
importance of layout on visually appealing process models.

Social relevance

In their efforts to improve operational efficiency, organizations are concerned about process model
improvement (Sanchez-Gonzalez, Garcia, Ruiz, & Piattini, 2017). Guidelines on layout can help in
designing process models that are appealing and easier to comprehend. Layout guidelines can
therefore not only contribute to better design of process models, with possible reduction of design
errors in the first stages of the process design, but also support in business process improvement.
The layout modelling guidelines defined in this research can help organizations to improve their
process models.



1.6. Main lines of approach

The remainder of this thesis is organised as follows: section 2 will provide the theoretical framework.
It describes what research approach is taken, what the answers are to the research questions and
what conclusions are derived. It concludes with the objective for the empirical research. Section 3
provides the justification of the empirical research. It describes the conceptual and technical design
of the research, how data is analysed and it reflects on the validity, reliability and ethical aspects of
the research. Section 4 presents the results of the empirical work and Section 5 discusses the
conclusions, limitations and future work of this research.



2. Theoretical framework

This chapter describes the theoretical framework and explains how the research was conducted to
build the theoretical framework.

2.1. Research approach

The theoretical framework is built based on relevant literature. To find relevant literature, a process
how to search for and select relevant literature was set up (Figure 2). The approach on how the
literature research process was executed and how the final set of sixteen relevant references was
determined is described in Appendix 1.

2.2. Results and conclusions
2.2.1. Frameworks & modelling guidelines

Over the past few decades, different frameworks were developed that describe guidelines on
process modelling. In 1994, Lindland, Sindre, & Solvberg proposed the conceptual framework
SEQUAL, describing three quality levels: syntactic, semantic and pragmatic quality. Although they
recognize that visualization can contribute to better understanding of a model and therefore can
improve on pragmatic quality, they do not present layout guidelines for model improvement.
Becker, Rosemann, and Von Uthmann (2000) presented the Guidelines of Modelling (GoM), a
framework that describes six guidelines which aim at improving the quality of information models
(product quality) as well as improving the quality of information modelling (process quality). Three
guidelines are a necessary precondition for the quality of models, and the other three guidelines
have an optional character. The guideline that refers to improving pragmatic quality of a model by
ensuring an unambiguously understanding of the model by using layout conventions, however,
belongs to the set of optional guidelines (Guideline of Clarity). Table 1 presents an overview of the
GoM modelling guidelines.

Table 1. Guidelines of Modelling - basic and optional guidelines (Becker et al., 2000)

Guideline Guideline name

Basic Guideline of Correctness
Guideline of Relevance
Guideline of Economic Efficiency
Optional Guideline of Clarity
Guideline of Comparability
Guideline of Systematic Design

Besides the six general guidelines, the GoM-framework also includes recommendations for different
views and modelling techniques. In Appendix 3 the GoM-framework is described in more detail.
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7PMG

While the SEQUAL-framework and the GoM-framework tend to be too abstract for non-experts and
novices, the seven process modelling guidelines (7TPMG, Table 2) describe seven guidelines that can
be used to build a process model from scratch or for improving existing process models (Mendling,
Reijers, & Van der Aalst, 2010). Although guidelines on layout are not mentioned explicitly, the
guideline describing structured modelling is regarded as the most important guideline. Detailed
description of the seven guidelines can be found in Appendix 4.

Table 2. Overview of the 7PMG (Mendling et al., 2010)

Guideline Description

Gl Use as few elements in the model as possible

G2 Minimize the routing paths per element

G3 Use one start and one end event

G4 Model as structured as possible

G5 Avoid OR routing elements

G6 Use verb-object activity labels

G7 Decompose a model with more than 50 elements

Guidelines from a gateway complexity perspective

Understandability of process models is greatly influenced by complexity, and complexity increases
when the number of gateways increases. Sanchez-Gonzélez, Garcia, Ruiz, and Mendling (2012)
examined the quality of business process models from a gateway complexity perspective. The
outcome of their research is a set of business process modelling rules as described in Table 3. These
guidelines contribute to the understandability of process models, but they do not describe their
effect on the layout of a process model.

Table 3. Guidelines from a gateway complexity perspective (Sanchez-Gonzélez et al., 2012)

Guideline Description

1 Include no more than 18-22 decision nodes

2 Minimize the number of OR split nodes

3 Include no more than 10 XOR, 7 AND and 4 OR decision nodes

4 Each decision node should have fewer than 7-9 input/out- put sequence flows
5 A difference higher than 15-20 in the number of input/out- put sequence flows

between split/join nodes is not acceptable

Pragmatic modelling guidelines

Moreno-Montes de Oca, Snoeck, and Casas-Cardoso (2014) build on a Strategic Literature Review
(Moreno-Montes de Oca, Snoeck, Reijers, & Rodriguez-Morffi, 2014) and identify 30 pragmatic
modelling guidelines, grouped into four guideline categories; size, modularity and structuredness,
complexity and layout and label styles. They conclude that for novice modellers, layout and label
style guidelines are perceived as the most useful and easy to use. Table 4 provides an overview of
these guidelines.

Perceived usefulness of the guidelines might increase the behavioural intention to use the
guidelines, and the perceived ease of use also increases the perceived utility of the guidelines and
the behavioural intention to use them. The pragmatic modelling guidelines are described in
Appendix 5.






































































































































































































































































































Appendix 25. Interview 8

HSC (00:09): Dan wil ik graag beginnen om te vragen wat jouw rol binnen de organisatie is?

Interviewee (00:16): Ik ben function, ik werk bij department, en dat is de afdeling die data
management en architectuur combineert. Dus we hebben function en we hebben function en
function. En ik ben één van de function.

HSC (00:34): lets andere rol dan de mensen die ik deze week heb gesproken. Die zaten echt wel
meer aan de processen kant. Wat is jouw ervaring met het modelleren van processen? Ik weet niet
of je misschien ook de parallel kunt maken met Enterprise Architecture?

Interviewee (00:52): Nou kijk, Enterprise Architecture, daar delen we de wereld in capabilities. In
namelijk vermogens die je nodig hebt om iets uit te voeren. En één van die abilities die wij als
company nodig hebben is Business Process Management. En wat ik nu heb gedaan in de afgelopen,
zeg, driekwart jaar, is eigenlijk de ability Business Process Management weer terug plaatsen in onze
organisatie. Dus waar je nu in de organisatie de mensen hebt gesproken die decentraal de processen
uitwerken, heb ik uitgewerkt wat er nodig is, waarom Business Process Management nodig is, en
wat er dan nodig is wat je moet vastleggen, en hoe je dat moet vastleggen, willen we de doelstelling
van de company behalen. Dus echt purpose driven BPM. Mijn product is ook een future state
architecture voor Business Process Management.

HSC (01:43): Ik heb een aantal mensen gesproken die modelleren in ARIS. Bij mijn weten wordt daar
de BPMN 2.0 notatie methodiek gehanteerd. Ben jij daar mee bekend en heb jij daar ervaring mee?

Interviewee (01:58): Nou, ik heb ‘m voorgeschreven. We hadden eerst een ARIS repository waarin
EPC en BPMN door elkaar liepen, en er is nu gezegd je mag alleen maar in BPMN, want ons primaire
doel van modelleren is straks digitaliseren. En BPMN laat zich gewoon goed vertalen naar BPML en
dan kun je daar makkelijker workflows van maken. Dus wat ik dan doe is eigenlijk zeggen tegen de
organisatie, je mag alleen maar in BPMN modelleren en sterker nog, ik heb ARIS zo afgedicht dat je
alleen maar BPMN modellen kan kiezen. Alleen de beperkte set die we daarvoor beschikbaar
hebben gesteld.

HSC (02:43): En vanuit jouw achtergrond, eventueel met ander notatie methoden gewerkt.

Interviewee (02:46): Nee, want ik heb zelf wel processen gemodelleerd, maar eigenlijk altijd gewoon
in Visio’s en Powerpoints, en misschien 10 jaar, of 15 jaar geleden echt ooit eens in ARIS en ik vond
dat zelf vrij lastig werken. Ik denk wel dat dat is veranderd, dus op het moment dat je het aantal
modellen afdicht, dan wordt het veel eenvoudiger, want daarmee, want ARIS bestaat eigenlijk uit
objecten, relaties en attributen en nog iets, en, ja op het moment dat je dat goed met elkaar
structureert, dan hoef het niet een rommeltje te worden. En dat is wat we hebben gedaan. Dus wat
ik de kans heb gehad dit jaar, is eigenlijk ARIS green field op te zetten. Dus we hebben ook alles,
eigenlijk wat er was, gooien we weg. Want de nieuwe ARIS database, die is nu in de maak, die
starten we op met schone modellen.

HSC (03:37): Oke, maar dat betekent dat alle modellen dan weer tegen het licht houden en weer
opnieuw gaan opschrijven.
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