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ABSTRACT 

This thesis describes research undertaken to analyze the understandability of business process models. 

First, an overview of factors influencing the understandability is given, based on a literature study and 

interviews with field experts. After this overview an experiment is conducted to test the influence of 

some factors on the understandability of business process models. The experiment is executed by 

creating a questionnaire to be filled in by field experts, containing questions regarding two models taken 

from real projects. After the filled in questionnaires are retrieved the results of these questionnaires are 

analyzed. Finally some indications of approaches to increase the understandability of process models 

are given, together with various additional ideas to add to or change in Protos. 
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SUMMARY 

There is no clear definition of the understandability of business process models. It is used in different 

manners depending on the sentences and context it is used in. Even though there is not a clear 

definition of understandability of business process models it is very important. After all, a model of 

which aspects are understood very well makes it easier to verify whether the model is valid and 

complete according to the business process being described. Application developers that use the model 

in question for implementation or enactment will be quicker to implement or enact the model in 

question as well. 

 

For that reason, this research defines the understandability of business processes as: 

“The ability for the viewer to understand aspects of the model correctly.” 

Examples of model aspects are the activities present in the model, the roles and data used in the model 

and the structure of the model. 

 

While the definition above is quite clear, it is certainly not obvious which factors influence the 

understandability of business process models. Several factors are mentioned throughout various papers 

and books, though no good overview is given. This leads to the first research goal for this research: 

 

RG1: Give an overview of factors that influence the understandability of process models.  

 

While having an overview of factors influencing the understandability is useful, it does not indicate how 

much these factors influence the understandability of business process models. As there are so many 

factors that influence the understandability of process models, a choice of factors will have to be made. 

This choice will be based on the amount of influence the factors have, their measurability and 

adaptability. This notion leads to the second research goal, stating: 

 

RG2: Research and measure the amount of influence that a set of important, measurable and 

adaptable factors has on the understandability of process models. 

 

With the influence various factors have on the understandability of process models, one can create 

some modeling guidelines and give some indications of modeling styles which benefit the 

understandability of the created process model. Because not many approaches are given based on 

research done on the understandability of business processes, the third and final research goal of this 

project is created: 

 

RG3: Indicate what modeling style can increase the understandability of the created models. 

 

In order to reach all three research goals defined above, the research conducted throughout this project 

is divided into four parts. At first, to get familiar with the matter, some background information on 
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related and important terms and aspects of business process modeling and its understandability is 

given. Next, through a literature study and interviews with field experts a list of factors that influence 

the understandability of business process models is created. Thirdly, these factors are ordered based on 

their influence on the understandability according to field experts, their measurability and 

understandability and from this an experiment is created based around the most influential factor to 

test the influence of that factor and several additional factors. After the results of this experiment are 

received back, these results are analyzed and based on this analysis various approaches to modeling and 

ideas for future additions to the modeling program in question are generated. 

FACTORS 

There are many factors influencing the understandability of business process models, though no clear 

overview of these factors is available. Through a thorough literature study and information retrieved in 

interviews with field experts on the matter we see that the factors can be roughly divided into the 

following categories: 

 

� Size 

The size of the model is of influence to the understandability. With size, one can think of the 

number of activities, places, arcs, subprocesses etcetera. Literature and the field experts show 

that the bigger the size of the model, the less well it is understood. 

� Modularity 

Modularity deals with the decomposition of the model into several smaller, easier to handle, 

parts. Using modularity one can increase the understandability as the general structure can be 

displayed at the highest level, while one can hide the very detailed information at his level. At 

the lower levels one can display the detailed information, hiding the general structure. 

� Control flow and structure 

With the control flow and structure of the model one generally means meant the way the model 

is linked together and structured. It is clear that a largely sequential model is far easier to 

understand than a model that has many different forks and interactions. 

� Layout and design 

The understandability of the process model can be influenced by layout and design factors as 

well. Layout and design factors that could influence the understandability are, for instance, the 

naming of elements, coloring of related aspects, indicating what type of activity or trigger is 

meant and the distance on screen or on paper between activities and places. The better the 

layout is and the better everything is described and designed, the easier the model will be 

understood. 

� Behavioral properties 

Another aspect influencing the understandability of process models seems to be various 

behavioral properties of the model. With properties think of aspects like soundness, maximum 

number of tokens in the model, size of the reachability tree etcetera. 

� Personal 
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Finally, literature study shows that personal factors can be of influence to the understandability 

of process models as well. Some personal aspects that could influence the understandability are 

the experience one has with modeling and process models or with the modeling tool. The 

cognitive ability of the person in question can also be of influence. 

FACTOR INFLUENCE 
Once the list of factors is created and ordered, it is important to see how much influence each of these 

factors has. To test this, an experiment is created. However, before the experiment is created one has to 

make a choice of factors to research. This choice is made based on what field experts say during the 

interviews and how measurable and adaptable the factor is. On these grounds we assert that modularity 

is one of the most influential, measurable and adaptable factors and is therefore chosen as the main 

factor to research. 

 

With this factor in mind a questionnaire is created to be filled in by field experts within Pallas Athena. 

This questionnaire contains various questions in order to get background information about the 

background of the respondents and questions about two models from real projects. The respondents 

are split up in two homogeneous groups, each getting one of the two models in hierarchical form and 

one in flattened form. This way the influence of modularity on the understandability of models can be 

tested. 

ANALYSIS OF RESULTS AND APPROACHES 

Once the questionnaire results were received back, these were analyzed. The results of the experiment 

show that modularity is of high influence to the understandability of process models, especially for the 

more local and detailed aspects. Another aspect being of high influence to the understandability is the 

experience one has within the field and with modeling altogether. If modularity is used in a reasonable 

way, the model is easier understood and the higher the experience one has within the field and with 

modeling, the higher the understandability of models in general. 

 

The results from the questionnaire also indicate that the educational background of the respondents is 

also of some influence. Aspects that do not seem to be of influence based on results from the 

questionnaire are the type of job one does within the company and the domain knowledge one has 

beforehand. 

 

Besides these direct results from the questionnaire, remarks given about the questionnaire also indicate 

that documentation and additional information about the model in question is of influence on the 

understandability. Another aspect mentioned several times is the usage of clear and unambiguous 

descriptions of activities, places, arcs and triggers. 

 

Therefore, when creating models one should always use modularity where possible, though in a 

reasonable way. Besides using modularity it is good practice to create a good and thorough set of 

documentation with the process model and textual descriptions of elements within the model should be 
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clear and unambiguous. The modeling program should try to support modularity as good as possible, for 

instance by good ways to display, explode and implode subprocesses. The modeler should also try to 

create clear links to and from elements in the subprocesses so that it is clear for the people viewing the 

model which elements within the subprocess are linked to which elements in the higher level. 
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1 INTRODUCTION 

1.1 ASSIGNMENT BACKGROUND 
This report is part of my Master project at the Eindhoven University of Technology (TUE). The 

assignment is carried out at Pallas Athena located in Apeldoorn and Hilversum and the TUE during the 

academic years 2006-2007 and 2007-2008. The assessment committee consists of the supervisors 

mentioned on the title page together with Dr. M. Voorhoeve, a professor at the mathematics and 

computer science department at the TUE. 

1.1.1 CONSILIENCE BV & PALLAS ATHENA 

Consilience BV was an independent consultancy firm located in Hilversum, the Netherlands. Consilience 

BV was founded in 1999 by several consultants and had over 50 employees working on various projects, 

inside Consilience BV or within companies. Its main customers are local governments and some 

medium-sized firms in the Netherlands. 

 

Some of the main services provided by Consilience BV are: 

• Advice on business process modeling and various process modeling tools 

• Business process design and redesign 

• Architecture design 

• Business process modeling 

• Business process guidance 

• Administration organization 

• Change management 

 

Consilience BV did not use an exclusive modeling tool for the above services; however the main 

modeling tools used are Protos and FLOWer. These tools are developed by Pallas Athena. 

 

At June first, 2007 Consilience BV merged with Pallas Athena and adopted the new name “Pallas Athena 

Solutions” for the consultancy branch of the company. 

1.2 PROBLEM AREA 
Within Pallas Athena various business processes models (or simply process models) are created to 

describe existing or future business processes. This is often called business process modeling (or simply 

process modeling). Real business processes are often big and complex, and by creating models of these 

processes one attempts to gain better understanding of the processes and support better 

communication, improvement, management and automation of these processes (Curtis, et al., 1992). 

 



Understandability and Complexity of Process Models Page 10 of 151 
 

Since every modeler has his or her1 own approach to modeling business processes there are a lot of 

different models that describe the same process and are all valid syntactically and semantically. This 

variety, and other factors related to the process of creating and maintaining process models can 

influence the understandability and complexity of these process models a lot. 

 

While the terms understandability and complexity are often used as if they have only one meaning, its 

meaning differs when used in different sentences. Therefore, it is not completely clear what is truly 

meant with these terms in relation to process models. 

1.2.1 UNDERSTANDABILITY 

Understandability is generally defined as “the capability of being understood” and is often referred to as 

comprehensibility and brought in relation to readability. 

 

(Canfora, et al., 2005) mention that understandability is a sub-characteristic of maintainability and 

suggest that the understandability of a process model is the “easiness with which the model can be 

understood”. This definition is supported by (Moody, 1998), who gives a definition of the 

understandability of a data model. He defines the understandability of a data model as “the ease with 

which the data model can be understood”. If one would use this definition for the understandability of a 

process model, it would be “the ease with which the process model can be understood”.  Both the 

definition by (Canfora, et al., 2005) and (Moody, 1998) are supported by the general definition of 

understandability given above. 

 

These definitions do raise the question how one would measure and rate how well a model is 

understood. For instance, an important factor that influences the users’ understanding of the model is 

the understanding of the domain represented by the model (Gemino, et al., 2003). Since the goals of 

process modeling are to create better understanding, communication, improvement, management and 

automation of business process processes (Curtis, et al., 1992), it is important that the domain 

represented by the model is understood as well. There is another important factor that influences how 

well a model is understood, which is the person viewing the model. Since everybody has different 

cognitive abilities and a different level of experience in the field of process modeling, their 

understanding of the model can differ. 

 

Therefore, understandability of a process model for a certain viewer, when used in the remainder of this 

report, is defined as: 

“The ability for the viewer to understand aspects of the model correctly.” 

 

Understandability is important, as business users need to understand the model to verify that it is valid 

and complete conform the business process being described, and application developers need to 

understand the model in order to implement it or enact it (Moody, 1998). This will result in a better 

                                                           
1
 For readability only the male adjective will be used from this point on.  



Understandability and Complexity of Process Models Page 11 of 151 
 

business process model. And in case the model is used to further support the business process, a better 

business process model results in a business process that will be executed better. 

1.2.2 COMPLEXITY 

The term complexity itself is used in many different ways. Complexity is often used in relation to NP 

hard problems as used in complexity theory, though complexity with regard to process models has a 

different meaning. A possible definition of complexity of a business process model has been given by 

(Vanderfeesten, et al., 2007), which states that “Complexity measures the simpleness and 

understandability of a design”. A low complexity usually results in a simple and highly understandable 

model. 

 

If one wants to understand aspects of a model, the model should not be too complex. Therefore, the 

complexity of a model is closely related to the understandability of the model. If the complexity of a 

process model is high, the understandability of the model will be low. (Gruhn, et al., 2006) explain the 

link between complexity and understandability taken from (IEEE, 1990), stating that complexity is “the 

degree to which a system or component has a design or implementation that is difficult to understand 

and verify”. As (Cardoso, et al., 2006) say, “Complexity has undesirable effects on, among others, the 

correctness, maintainability, and understandability of business process models“. This is supported in 

another document from Cardoso, which states that “High complexity in a process has several 

undesirable drawbacks, it may result in poor understandability, more errors, defects and exceptions 

leading to processes requiring more time to be developed, tested and maintained” (Cardoso, 2006).  

 

The complexity of a process model can be measured in various ways. A lot of metrics to measure 

complexity of process models can be found in literature ranging from simple and obvious metrics like 

amount of activities or amount of arcs to more complex metrics as the cyclomatic number (Cardoso, et 

al., 2006), (Lee, et al., 1991), (Mendling, et al., 2007A),(Moody, 1998), (Morasca, 1999). Many of these 

metrics are adapted from complexity analysis in software engineering. 

 

Complexity is also related to simplicity and process modelers often have to find a good balance between 

complexity and simplicity. If a model is too simple important or mode detailed aspects of the process it 

describes may be missing. On the other hand, if a process model is too complex it will not be understood 

by anyone and thus reduce understandability (Gemino, et al., 2003). 

1.3 ASSIGNMENT DEFINITION 

As the understandability of a process model has influence on many other quality attributes, like 

readability, flexibility, scalability, maintainability and implementability, it is an important factor in the 

success of these models. For that reason it would be good to create a valid and complete model with a 

high understandability for all stakeholders. Up to this point, not much research has been conducted to 

increase the understandability of process models. 
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There are many factors that potentially influence the understandability of process models, ranging from 

design-related factors, personal experience and knowledge factors, model type choice factors, process 

size factors and many more. This leads to the following problem definition: 

 

PD1: A diversity of factors potentially influences the understandability (and complexity) of process 

models and there is no overview of these factors. 

 

To overcome the above problem definition the following research goal is defined: 

 

RG1: Give an overview of factors that influence the understandability of process models.  

 

Each factor has its own amount of influence, yet it is not clear how much influence they have on the 

understandability of process models. This leads to the following problem definition: 

 

PD2: Factors each have their own amount of influence on the understandability of process models, 

and this influence is not clear. 

 

Another research goal has been defined to address the above problem definition for a set of these 

factors. As there are so many factors that influence the understandability of process models, a choice of 

factors will have to be made. This choice will be based on the amount of influence the factors have, their 

measurability and adaptability. This leads to the following research goal: 

 

RG2: Research and measure the amount of influence that a set of important, measurable and 

adaptable factors has on the understandability of process models. 

 

While research goal two results in a set of important factors and the amount of influence they have on 

the understandability of process models, it does not indicate how to approach the modeling of a process 

model. A process model with a high understandability is desirable, yet there are no (or few) methods 

that indicate how to create a process model in a way that favors the models’ understandability. From 

this the following problem definition is derived: 

 

PD3:  There are no (or few) methods that indicate how to model in a way which will be favorable to the 

understandability of process models. 

 

This problem definition indicates that there should be an approach to modeling that will be favorable to 

understandability of process models. With this in mind, the following research goal is defined: 

 

RG3: Indicate what modeling style can increase the understandability of the created models. 
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1.4 APPROACH 
This section describes the approach to reach the above research goals. It is roughly divided into four 

phases, being: preliminaries, finding factors, investigating factors and giving approaches to increase 

understandability. 

1.4.1 PRELIMINARIES 

The goal of the first phase of the research is to get acquainted with the topic in question. As terms used 

throughout the research have to be well defined and understood, background information has to be 

researched. To achieve this, literature regarding related subjects and related research will be read. 

Important, unclear and unambiguous terms will be made clear and specific. The main outcome of this 

phase of the research is a set of unambiguous terms and a stable base to continue with further phases 

of the research. 

1.4.2 FINDING FACTORS 

The second phase of the research has as goal to find and give an overview of factors influencing the 

understandability of process models and. This phase covers research goal RG1. To find these factors, 

literature will be read and interviews will be held with domain experts. Existing literature already has 

much information regarding these factors, though information with domain experts will give 

information that might not be directly available through literature. 

1.4.3 RESEARCHING FACTORS 

Throughout the third phase the influence that many of these factors will be researched, focusing on the 

factors that domain experts see as being most influential. This phase is dealing with research goal RG2. 

When choosing which specific factors will be researched some questions have to be asked and answered 

in order for the choice to be valid and checkable. Why did we choose those factors? Why did we not 

choose other factors? After the choice of factors, the research will be undertaken by holding interviews, 

surveys and conduct experiments with domain experts, and literature research. The end result of this 

phase will be a set of factors with measurements that indicate how much influence these factors have 

on the understandability of process models. 

1.4.4 INDICATING APPROACHES 

After having a set of factors with their influence on process models, approaches to modeling that 

increase the understandability of the created process can be given based on the factors and their 

influence. Some of these can be approaches to overcome problems with factors having a negative 

influence. Others may be approaches that increase the impact of factors having a positive influence on 

the understandability of process models. The outcome of this phase will be an several approaches 

favoring the understandability of the created process models, together with valuable additions to 

Protos. This covers research goal RG3. 

1.5 OUTLINE 
Throughout this chapter, background information regarding the assignment has been given, the 

problem area has been introduced and various problem definitions have been given in this problem 
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area. To overcome these problem definitions various research goals have been formulated, and an 

approach to the project in order to reach the research goals is given. 

 

The remainder of this report is structured in the following way: Chapter 2 will give background 

information about related terms, literature and research. It will cover the preliminaries as discussed in 

section 1.4.1. Chapter 3 will cover the finding of factors as described in section 1.4.2 and will give an 

overview of factors influencing the understandability of process models. Then chapter 4 will cover the 

creation of an experiment to research factors found in chapter 3. With that, the methods and 

measurements used in the research will be depicted in more detail. Then in chapter 5 the results from 

the experiment are analyzed and various approaches to increase understandability are given. Finally, 

conclusions to the report and project are given in chapter 6.  
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2 PRELIMINARIES 

This chapter will contain a discussion of the preliminaries as explained in section 1.4.1. First the 

background information related to business process models and business process modeling will be 

discussed. Then some information regarding Petri nets and Protos will be provided. 

2.1 BUSINESS PROCESSES 
Business processes these days are growing bigger and more complex, yet the results from business 

processes still have to be delivered on time and within the given resources. (Kueng, et al., 1996) suggest 

a definition of a business process with the following five aspects: a business process has customers, 

consists of activities, these activities create value for customers, these activities are carried out by 

humans or machines and a business process often involves several organizational units. Another paper 

by the same authors (Kueng, et al., 1997) and (Lin, et al., 2002) give the following five elements as part 

of a business process: 

� One or more customers 

� An output (product or services) 

� Activities that create value for the customer 

� Agents who carry out the activities 

� Information and material required to perform the activities 

 

Another definition coming from (Kalpič, et al., 2006) states that a business process is “a set of activities 

intended to transform system inputs into desired (or necessary) system outputs by the application of 

system resources”. 

 

These definitions mention that a business process has customers, consists of activities and that these 

activities are carried out by humans or machines. Therefore, a business process is: 

“a set of activities, performed by humans or machines which, with given inputs, create at least 

one output that has value for a customer.” 

2.2 MODELS 
Before defining what business process models and business process modeling is, one has to understand 

what is meant by a model and by modeling. In literature many definitions of a model can be found. 

(Curtis, et al., 1992) suggest that “a model is an abstract representation of reality that excludes much of 

the world’s infinite detail”. Another definition is given by (Kueng, et al., 1996), who state that “generally 

speaking, a model highlights certain aspects of the real world and omits others”. Both of these 

definitions are much alike, but the definition from (Kueng, et al., 1996) adds that a model highlights 

certain aspects. Combining these definitions, from this point on a model is defined as: 

 “an abstract representation of reality which highlights certain aspects of the real world and 

omits others.” 
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2.3 BUSINESS PROCESS MODELING 
Creating new processes or running and maintaining existing business processes is a difficult task. An 

approach to support this task somewhat is called business process modeling. Following the definitions 

given in the previous sections, business process modeling is seen as: 

“the act of creating a model of a business process” 

 

A formal definition of process modeling is given by (Danesh, et al., 2005) who state that “modeling is an 

approach to depict, capture and understand the organization’s operations and it information 

architecture”. Another definition, given by (Bandara, et al., 2005) state that “process modeling is an 

approach for visually depicting how businesses conduct their operations: defining and depicting entities, 

activities, enablers and the relationships between them”. A third definition, given by (Gemino, et al., 

2003) mentions that “conceptual modeling is the activity of formally describing some aspects of the 

physical and social world around us for the purpose of understanding and communication”. 

 

While these definitions are all slightly different, they bring up the same aspects of business process 

modeling. The definitions mention that business process modeling is an approach to depict or formally 

describe an aspect of an organizations operation, which it is done mostly visually and some of its goals 

are understanding of and communication about the business process. 

2.3.1 GOALS AND REQUIREMENTS 

Creating process models of business processes can aid these businesses and processes in several ways. 

(Curtis, et al., 1992) identify three main applications for business process modeling, which are given in 

the table below: 

 
Table 1: Three main applications for business process modeling 

Application Description 

Business process reengineering Redesigning an organizations business process can make these 
processes more efficient. In order to achieve this, one could 
create a process model of the new process and check (by 
simulating the process model) whether it would be more 
efficient than the current process. This would also work for new 
processes. 

Coordination technology Agents within a business process might not agree on certain 
aspects of the process. Creating a business process model of 
the process can ease the communication amongst agents which 
may result in a common understanding of it. 

Process-driven software development 

environments 

Some business processes can be enacted and that way one 
could manage a process in a central way, based on the process 
model. 
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Furthermore, (Curtis, et al., 1992) have identified five categories of objectives and goals of business 

process modeling, and (Giaglis, 2001) has given requirements for modeling techniques for each of these 

objectives and goals as shown in Table 2. 

 
Table 2: Goals, objectives and requirements of business process modeling 

Goal / Objective (Curtis, et al., 1992) Requirements (Giaglis, 2001) 

Facilitate human understanding and communication Comprehensibility, communicability 

Support process improvement Model process components, reusability, 
measurability, comparability, support technology 
selection and incorporation, support process 
evolution 

Support process management Support reasoning, forecasting, measurement, 
monitoring, management and coordination 

Automate process guidance Integrate with development environments, 
support for process documentation, reusability 

Automate execution support Automate process tasks, support co-operative 
work, automate performance measurement, 
check progress integrity 

 

As it is of vital importance for the success of the business process model that the process represented is 

represented valid and complete, the goals and objectives above are very important. Since 

comprehensibility is a requirement of the first goal, increased understandability of process models will 

help human understanding and communication of the process models. 

2.3.2 BUSINESS PROCESS MODEL 

A business process model is an abstract representation of a business process. As business processes 

contain various elements and aspects, from which some were already mentioned above, business 

process models need to represent these elements as well. A generic process model consists of the 

following essential elements (Lin, et al., 2002): 

� Activity 

� Resource 

� Behavior 

� Event 

� Information 

� Relation 

� Agent 

� Entity 

 

Relating these essential elements with the five elements that are part of a business process mentioned 

in section 2.1, we see the following relations: 
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� Customers can be created using events. When a customer wants a product or service, an event 

is triggered to start its creation. 

� The output aspect of a business process can be represented by an output entity at the end of 

the process model run. 

� The business’ activities are represented by the activity elements. Furthermore, the business 

rules which define the order and which activities are executed are defined in the behavior and 

relation elements. 

� Agents who carry out the activities can be represented by agent elements. 

� The information and material required to perform the activities can be represented using the 

information and resource elements as well as the entity which is also seen as the inputs and 

outputs. 

 

There are various forms of information that people want to extract from process models. According to 

(Curtis, et al., 1992) the main forms of information are “what is going to be done, who is going to do it, 

when and where will it be done, how and why will it be done and who is dependent on it being done”. 

Many process modeling methodologies have been suggested. They usually represent one or more of the 

following perspectives to give answers to the above questions (Curtis, et al., 1992): 

 

Perspective Description 

Functional perspective The functional perspective represents what process elements are being 
performed and what flows of informational entities (e.g., data, artifacts, 
products), are relevant to these process elements. 

Behavioral perspective The behavioral perspective represents when process elements are 
performed (e.g. sequencing), as well as aspects of how they are 
performed through feedback loops, iteration, complex decision-making 
conditions, entry and exit criteria, and so forth. 

Organizational perspective The organizational perspective represents where and by whom (which 
agents) in the organization process elements are performed, the physical 
communication mechanisms used for transfer of entities, and the physical 
media and locations used for storing entities. 

Informational perspective The informational perspective represents the informational entities 
produced or manipulated by a process; these entities include data, 
artifacts, products (intermediate and end), and objects; this perspective 
includes both the structure of informational entities and the relationships 
among them. 

 

(Lin, et al., 2002) also show which of the previously mentioned essential elements are needed to 

represent these perspectives. These are shown in Table 3: 

 
Table 3: Perspectives and concepts 

Perspective Concepts 
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Functional perspective Relation, behavior and agent 

Behavioral perspective Behavior and relation 

Organizational perspective Information and relation 

Informational perspective Relation, agent and behavior 

2.3.3 MODELING METHOD, LANGUAGE AND TOOL 

(Kueng, et al., 1996) group the process modeling methodologies mentioned in section 2.3.2 into four 

categories. The first category is activity-oriented approaches, which focus on the activities or tasks 

undertaken in a business process. As a second category object-oriented approach is mentioned and 

focuses around the object-oriented methods often used in software engineering. A third category is 

role-oriented approaches. The role-oriented approaches keep a role as a central element in the process 

model, where role is seen as a job description, part of work activity or sub-parts of that activity (Kueng, 

et al., 1996). The fourth and last approach is the speech-act oriented approach and is focused around 

communication processes. 

 

(Bandara, et al., 2005) define a modeling methodology as “a detailed set of instructions that describes 

and guides the process of modelling”. (Wand, et al., 2002) mention that a modeling method provides the 

procedures by which a modeling language or grammar can be used and “ideally provide procedures to 

identify instances of all phenomena that can be modeled via a grammar”.  

 

Furthermore, (Bandara, et al., 2005) define a modeling language as “the grammar or ‘syntactic rules’ of 

the selected process modelling technique”. A definition of a modeling tool is also given by (Bandara, et 

al., 2005), who define a modeling tool as “the software that facilitates the design, maintenance and 

distribution of process models”. 

2.4 MODEL QUALITY 
One strives to make the quality of a business process model as high as possible within the provided 

resources. (Moody, et al., 2003) define a quality framework for evaluating any type of conceptual model 

in three categories which are based on four components, the model itself, the modeling language, the 

domain and the interpretation of the model by its audience or stakeholders. The three quality categories 

defined are: 

� Syntactic quality: Whether the model is syntactically correct according to the modeling language 

it is created in. 

� Semantic quality: Whether the model is valid and complete based on the domain it describes. 

More specifically it contains: 

� Validity: whether the model has no statements that are not true in the domain. 

� Completeness: whether the domain has no statements that are missing in the model. 

� Pragmatic quality: the relationship between the stakeholders’ interpretation of the model and 

the model. The higher the pragmatic quality, the more statements from the model are in the 

interpretation of the stakeholder and vice versa. 
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The pragmatic quality seems closely related to un

quality the more correct the model is understood by its stakeholders.

quality of a model are amongst others executability, animation, simulation, model transformations, 

model filtering, modeling abstractions from viewpoints, model translation and explanation generation 

(Krogstie, et al., 2006). 

2.5 PROTOS 
While there are various techniques and approaches to process modeling, the focus in this assignment

on Protos, as this is mainly used within Pallas Athena. Using Protos it is, amongst others, possible to 

create Petri nets. Petri nets are explained in more detail in Appendix A.

 

Protos is a process modeling tool that allows 

process. The model itself is based around the 

a few differences. “Protos is perfectly suitable to model well

also permits freehand specifications of business processes without formal semantics, e.g. to support 

initial and conceptual modeling

but below are some of the important ones.

 

First of all, a Petri net requires places in between transitions, and transitions in between places. The 

Petri net definition does not allow for places to be connected to places or transitions to be connected to 

transitions. In Protos this is allowed, though

complete according to the domain.

create danger for wrong interpretations of the model, a

firing rule for the Protos model is different as there are no place in front of the second and third activity 

which can contain a token.  

 
Table 
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The pragmatic quality seems closely related to understandability, because the higher the pragmatic 

quality the more correct the model is understood by its stakeholders. Means to increase the pragmatic 

quality of a model are amongst others executability, animation, simulation, model transformations, 

filtering, modeling abstractions from viewpoints, model translation and explanation generation 

techniques and approaches to process modeling, the focus in this assignment

on Protos, as this is mainly used within Pallas Athena. Using Protos it is, amongst others, possible to 

Petri nets are explained in more detail in Appendix A. 

Protos is a process modeling tool that allows one to create a business process model 

is based around the structure of an extended Petri net, though there are quite 

Protos is perfectly suitable to model well-defined Petri net structures. Neverthe

also permits freehand specifications of business processes without formal semantics, e.g. to support 

initial and conceptual modeling” (Verbeek, et al., 2005). Not all of these differences will be described, 

are some of the important ones. 

First of all, a Petri net requires places in between transitions, and transitions in between places. The 

Petri net definition does not allow for places to be connected to places or transitions to be connected to 

In Protos this is allowed, though one has to be careful that the interpretation stays 

according to the domain. For instance, leaving out the two places in the model below does not 

create danger for wrong interpretations of the model, and does not change the meaning

firing rule for the Protos model is different as there are no place in front of the second and third activity 

Table 4: Differences between Petri nets and Protos - places 

  
Petri net Protos model 
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derstandability, because the higher the pragmatic 

Means to increase the pragmatic 

quality of a model are amongst others executability, animation, simulation, model transformations, 

filtering, modeling abstractions from viewpoints, model translation and explanation generation 

techniques and approaches to process modeling, the focus in this assignment is 

on Protos, as this is mainly used within Pallas Athena. Using Protos it is, amongst others, possible to 

to create a business process model of a business 

Petri net, though there are quite 

defined Petri net structures. Nevertheless, it 

also permits freehand specifications of business processes without formal semantics, e.g. to support 

Not all of these differences will be described, 

First of all, a Petri net requires places in between transitions, and transitions in between places. The 

Petri net definition does not allow for places to be connected to places or transitions to be connected to 

one has to be careful that the interpretation stays valid and 

For instance, leaving out the two places in the model below does not 

nd does not change the meaning. However, the 

firing rule for the Protos model is different as there are no place in front of the second and third activity 
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With an AND-split, AND-join and conditional OR

out places. On the other hand, with the implicit OR

split otherwise. Sometimes it might be very useful to leave certain places in the model, even if it would 

not alter the meaning if they were left out, to indicate an important state where the model can be in.

 

Implicit OR-split in a Petri net

 

Besides the ability to connect activities to activities and leaving out places, Protos also 

triggers to activities. With triggers the model can wait for events to happen, for instance a timer to 

expire, new information to be gathered and so forth. 

role groups to your process model, giving the modeler the ability to l

executed when data is available, or let certain activities only be executed by people who have a specific 

role. 

 

A more specific difference between 

understandability is the ability to give activities a certain type. The current version of Protos lets the 

modeler choose between the following types: Basic, Logistics, Authorize, Communication and Check.

When selecting a certain activity type, the activity gets a differ

instance, when one sets the activity to be a Communication activity, the image becomes a talk balloon.

There are also different types of triggers, which work
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join and conditional OR-split with conditions on the arrows one can also leave 

out places. On the other hand, with the implicit OR-split the place is needed, as it will become an AND

Sometimes it might be very useful to leave certain places in the model, even if it would 

not alter the meaning if they were left out, to indicate an important state where the model can be in.

Table 5: Leaving places in for readability 

 
split in a Petri net Implicit OR-split in Protos

Besides the ability to connect activities to activities and leaving out places, Protos also 

With triggers the model can wait for events to happen, for instance a timer to 

expire, new information to be gathered and so forth. In Protos it is also possible to add data, roles and 

role groups to your process model, giving the modeler the ability to let certain activities only be 

executed when data is available, or let certain activities only be executed by people who have a specific 

difference between Protos and extended Petri nets that is very useful to increase 

is the ability to give activities a certain type. The current version of Protos lets the 

modeler choose between the following types: Basic, Logistics, Authorize, Communication and Check.

When selecting a certain activity type, the activity gets a different image, more related to that type.

instance, when one sets the activity to be a Communication activity, the image becomes a talk balloon.

t types of triggers, which work in the same way. 
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split with conditions on the arrows one can also leave 

split the place is needed, as it will become an AND-

Sometimes it might be very useful to leave certain places in the model, even if it would 

not alter the meaning if they were left out, to indicate an important state where the model can be in. 

 
split in Protos 

Besides the ability to connect activities to activities and leaving out places, Protos also allows to add 

With triggers the model can wait for events to happen, for instance a timer to 

In Protos it is also possible to add data, roles and 

et certain activities only be 

executed when data is available, or let certain activities only be executed by people who have a specific 

that is very useful to increase 

is the ability to give activities a certain type. The current version of Protos lets the 

modeler choose between the following types: Basic, Logistics, Authorize, Communication and Check. 

ent image, more related to that type. For 

instance, when one sets the activity to be a Communication activity, the image becomes a talk balloon. 
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3 FACTORS 

In this chapter the factors that influence the understandability and complexity of business process 

models will be researched. First, the approach to finding these factors is given. After the approach is 

shortly explained, factors found in literature are given and discussed. Then section 3.3 will discuss 

interviews taken with field experts about factors that influence the understandability of process models 

and finally 3.4 will give a conclusion to this chapter. 

3.1 APPROACH 
Many aspects and factors that influence the understandability and complexity of process models have 

already been researched in literature. These will be outlined in the next section. One of the main 

downsides is that they are mainly factors dealing with the size and control-flow of the model. Therefore, 

several interviews with people working in the field of business processes and process modeling will be 

held to create a broader range of factors that influence the understandability and complexity of process 

models to get a business point of view as well. 

3.2 LITERATURE 
In literature, various complexity metrics have been created and researched. Many of these are adapted 

from metrics used in software engineering.  An example of this is the ‘lines of code’ (LOC) metric, which 

is a metric for indicating the size of a software program. A similar metric to indicate the size of a process 

model is the number of activities in a process model (Cardoso, et al., 2006). 

3.2.1 SIZE 

One of the factors that influences the understandability and complexity of a process model that one can 

find in literature is the size of the process model. It appears obvious that a model that has over one 

hundred activities is harder to understand than a model that has only a few activities. Many metrics to 

measure the size of a process model have been proposed. Table 6 gives several different metrics, largely 

taken from (Cardoso, et al., 2006), (Mendling, et al., 2007A), (Lee, et al., 1991) and (Canfora, et al., 

2005), which mainly count the number of activities, arcs, places, roles, control-flow elements, roles 

and/or data elements. Another metric for the size of a process model can be found in (Lee, et al., 1991), 

who suggest the average number of output arcs from each place, and the average number of output 

arcs from each activity as a metric.  

 
Table 6: Size metrics 

ID What is measured Metric found in 

NOA Number of activities (Cardoso, et al., 2006) 

NOP Number of places (Lee, et al., 1991) 

NOAR Number of arcs (Lee, et al., 1991) 
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NOAC Number of activities and control-flow elements (Cardoso, et al., 2006) 

NOAJS Number of activities, joins and splits (Cardoso, et al., 2006) 

NOTOT Number of activities, places and arcs (Lee, et al., 1991) 

NPR Number of participating roles (Canfora, et al., 2005) 

NPD Number of participating data elements (Cardoso, et al., 2006) 

PO Average number of arcs going out of a place (Lee, et al., 1991) 

TO Average number of arcs going out of a transition (Lee, et al., 1991) 

 

Even though size may be of much influence on the understandability of process models, one should limit 

the amount of influence the size of the model has. A method to achieve is the use of subprocesses, 

which will be discussed in the next section, modularity. And while size is a good measure for the 

complexity and understandability of process models, the complexity and understandability cannot be 

measured by size only (Vanderfeesten, et al., 2007).  A completely sequential model consisting of one 

hundred activities may be very big size-wise, but is not too difficult to understand. Therefore, one has to 

take into account the control flow as well. This will be discussed in section 3.2.3. 

3.2.2 MODULARITY 

Broadly speaking, modularity deals with dividing or decomposing the model up into different smaller 

parts, often called modules or subprocessess. (Vanderfeesten, et al., 2007) define modularity as “the 

degree to which a design is split up into several modules”. (Gruhn, et al., 2006) mention that “dividing a 

BPM in modular sub-models cannot only help to make the BPM easier to understand, it can also lead to 

smaller, reusable models – if modularization is used in a reasonable way”. Thus, the use of modules will 

aid the understandability positively, if done in a reasonable way. They also suggest the use of the FAN-IN 

and the FAN-OUT metrics to measure the modularity of a business process model. The fan-in is a count 

of all modules that use or call the current module, and fan-out is a count of all modules being called 

from the current module. A metric using both the FAN-IN and FAN-OUT is given by the same authors as 

well, which measures the overall structural complexity, being ((FAN-IN)*( FAN-OUT))2. In case a module 

has a large fan-in and a large fan-out this metric will indicate that the module is poorly structured. 

 

Another way to measure the modularity of a process model is the depth of the process model. Depth in 

relation to process models is “the maximum nesting of structured blocks in a process” (Mendling, et al., 

2007A), thus the more the activities and places are nested, the higher the depth of the process model is. 

 

(Vanhatalo, et al., 2007) create a method to divide a process model into smaller fragments, which can be 

seen as subprocesses, with a single entry and single exit point. They also categorize the fragments into 

four different categories and claim this categorization of fragments “may help to better understand the 

process model and may help to establish modeling patterns” (Vanhatalo, et al., 2007). 
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Table 7: Modularity metrics 

ID What is measured Metric found in 

FAN-IN Number of other modules that call a given 
module 

(Gruhn, et al., 2006) 

FAN-OUT Number of other modules that are called 
from the module under investigation 

(Gruhn, et al., 2006) 

FAN-INOUT ((fan-in)*(fan-out))2, overall structure (Gruhn, et al., 2006) 

DEPTH Degree of nesting within the process model (Mendling, et al., 2007A) 

3.2.3 CONTROL FLOW AND STRUCTURE 

The control flow of a process model can be of influence to the understandability of the process model as 

well. As mentioned in section 3.2.1, a sequential model is most likely easier to understand than a model 

with many different parallel executions or many decision points. 

 

A metric to measure the structural complexity that is often mentioned in literature is the cyclomatic 

number (Lee, et al., 1991). It measures the relation between the amount of arcs against the amount of 

places and activities. Another suggested metric to measure the control flow complexity is the CFC 

metric, which is a measure that calculates the sum of the complexity of each split in the process model 

(Cardoso, et al., 2006). The PO and TO metrics given in section 3.2.1 can also be used to measure the 

control flow and structural complexity. Related to the PO and TO metrics is the density metric given by 

(Mendling, et al., 2007A), which relates the amount of nodes to the amount of arcs. Furthermore, 

(Mendling, et al., 2007B) suggest the average connector degree, which measures the model its average 

number of incoming arcs divided by the number of outgoing arcs per routing element. 

 

One can also measure the depth, as mentioned in section 3.2.2, or the length of a process model in 

order to analyze its structural and control flow complexity. Length is often measured by the distance 

between the two farthest points of the object (Morasca, 1999). In graph theory one might have a 

directed graph, as is the same with process models, which has to be taken into account when measuring 

the length or depth. One can also find the density or coefficient of network complexity metric in current 

literature, which relates the amount of arcs to the amount of nodes in the process graph (Mendling, et 

al., 2007A) (Cardoso, et al., 2006). A structuredness metric is also suggested by (Mendling, et al., 2007A), 

which compares the source net to a reduced version of the net according to reduction rules, and a 

cyclist metric, which calculates the amount of nodes on a cycle with the amount of nodes of the entire 

process. 

 

A metric that takes into account various control flow structures is the cognitive weights metric given in 

(Gruhn, et al., 2006). It gives different weights to different control structures, the highest weight to the 

most complex control flow structure, and by summing up all the weights of the control flow structures 

that appear in the process model, one has a measure of how complex the process is overall. 
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Table 8: Control flow and structure metrics 

ID What is measured Metric found in 

CYN Relation between arcs, places and activities (Lee, et al., 1991) 

CFC Complexity of all splits (Cardoso, et al., 2006) 

PO Average number of arcs going out of a place (Lee, et al., 1991) 

TO Average number of arcs going out of a transition (Lee, et al., 1991) 

CFC, DENSITY1 Relation between the number of nodes and the 
number of arcs (connectivity) 

(Mendling, et al., 2007A) 

DENSITY2 Relation between the number of nodes and the 
number of arcs (density of the graph) 

(Mendling, et al., 2007A) 

LENGTH Maximum distance between the two farthest places 
in the process model 

(Mendling, et al., 2007A) 

DEPTH Degree of nesting within the process model (Mendling, et al., 2007A) 

STRUCTUREDNESS Degree of structure, comparing the original net 
against the reduced network 

(Mendling, et al., 2007A) 

CYCLICITY The relation between the number of nodes on a 
cycle between the number of nodes of the entire 
process 

(Mendling, et al., 2007A) 

CW Sum of the cognitive weight of various control 
structures 

(Gruhn, et al., 2006) 

AVGCONDEG Degree of connectivity of the nodes, the average 
number of incoming arcs divided by the average 
number of outgoing arcs 

(Mendling, et al., 2007A) 

 

The above metrics are all metrics that indicate the structural and control flow complexity of the project 

model graph. 

3.2.4 LAYOUT AND DESIGN 

As process models are often graphical representations of a business process, the layout and design of 

the process model is of much influence to its understandability and complexity. Layout and design add 

additional detail beyond the formal semantics. In (Green, et al.) this is referred to as being of ‘secondary 

notation’. 

 

(Becker, et al., 2000) indicate that the design of process models often turns out to be very problematic, 

and have therefore created a set of modeling guidelines. In these guidelines they introduce a guideline 

for clarity of the process model, containing ways to increase the pragmatic quality of the process model. 

Pragmatic quality can be increased by changes in the topology (minimizing the number of crossing lines), 

visualizing semantics and naming and terminology. They suggest that design conventions should be 

introduced and used to increase the pragmatic quality and ensure a “uniform, clear and unequivocal 
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understanding of models of all involved users” (Becker, et al., 2000). (Gruhn, et al., 2006) mention layout 

considerations that play a role in the ease with which the layout can be read. These considerations are 

the choice and size of the graphical elements, modeling the time dependent aspect of the model in a 

single direction, aligning the edges of graphical elements and avoiding intersecting arrows. 

 

The layout of the process model is mentioned in (Gemino, et al., 2005) as a factor that can influence 

how much viewers will understand the process models, though it is not indicated to be of significant 

influence in their research. 

 

One of the layout and design factors that is shortly mentioned in (Mendling, et al., 2007B) are the 

textual descriptions of model elements. If one chooses unambiguous names for model activities, arcs 

and places, the model becomes easier to understand. This is supported by (Gruhn, et al., 2006), who 

mention that the “layout of a graphical model and the comprehensiveness of the texts used in the model 

are aspects of complexity”. 

 

Modularity also influences the layout and design. If one creates a modular process model, it will contain 

subprocess elements, and will most likely contain less places and activities per page. Another factor 

somewhat related to layout and design is the choice of modeling tool. Different modeling tools of the 

use different ways of displaying the elements and other information of a model. A study has been 

conducted by (Sarshar, et al., 2005) which suggests that EPC models are generally easier comprehended 

than Petri nets. 

3.2.5 BEHAVIORAL PROPERTIES 

While the size, structure and layout and design of process models have an influence on the 

understandability of process models, there are more dynamic and specific factors that have influence as 

well. 

 

In case of a Petri net, the states that can follow after the initial marking (M0) form the reachability tree, a 

tree with reachable states from this initial marking as nodes, and arcs that show the states are reachable 

from other states. The amount of nodes in this reachability tree can be an indication whether the 

process model is easy to understand, and thus a good metric for understandability and complexity 

analysis (Lee, et al., 1991). 

 

Another metric suggested by (Lee, et al., 1991) for Petri net analysis is the maximum number of tokens 

in the network. This metric is in close relation with the boundedness property of a Petri net. A Petri net 

is k-bounded if there will never be more than k tokens in a single place in any reachable state in the Petri 

net (Murata, 1989). If the total number of tokens in the Petri net is relatively static, it indicates that the 

Petri net is most likely easier to understand than when the number of tokens varies largely. Another 

metric suggested by the same authors is the average number of tokens in the net. 
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Table 9: Property metrics 

ID What is measured Metric found in 

RT Number of nodes in the reachability tree (Lee, et al., 1991) 

TK1M Maximum number of tokens in the model (Lee, et al., 1991) 

TK1A Average number of tokens in the model (Lee, et al., 1991) 

3.2.6 PERSONAL 

The above sections mainly deal with factors related to the model itself but there are other factors that 

influence the understandability of process models, amongst which there are some personal factors that 

can be found in current literature.  

 

It may seem clear that the amount of experience the viewers of the model have with process modeling 

will influence their understanding of the process model. (Mendling, et al., 2007B) mention that field 

experts and their educational background confirm that modeling experience is of positive influence to 

their understanding of the model. 

 

Another factor that is easily forgotten but that field experts see as having a lot of influence (Mendling, et 

al., 2007B) is domain knowledge. Viewers that know the domain represented by the model will 

understand the model itself easier as well. As (Krogstie, et al., 2006) mention, “when both the real world 

and the model that reflects it are available and adaptable for the users, the connections between them 

are easier to understand”. This usefulness of background information and knowledge is backed up by 

(Gemino, et al., 2003) who note that “it is important to test domain understanding, not just 

comprehension of elements in the model” and (Lindland, et al., 1994) who mention that language-

domain appropriateness, language-audience appropriateness and audience-domain appropriateness are 

concerns when relating to the quality of a model. 

 

Lack of understanding due to differences between the viewers idea (comprehension) of the model and 

what the model represents can have three causes according to (Gemino, et al., 2004), which are: 

� The user misinterprets the diagram due to lack of experience with the method 

� The user develops a different conception of the domain being represented from the one 

conveyed by the diagram 

� There exists ambiguity within the script itself 

3.3 INTERVIEWS 

As Moody mentions in (Moody, 1998), measuring the understandability of process models can only be 

evaluated with close participation of stakeholders. Since literature studies mainly give a theoretical 

motivation on understandability and factors influencing the understandability, it is important to involve 

the practical side as well. Therefore, four interviews have been taken with field experts to get an idea of 

which factors field experts see as being influential on the understandability of process models. 
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3.3.1 STRUCTURE 

The interviews were taken in a personal setting and questions asked were mainly open questions, to 

give the business experts the chance to say what they think is important, and follow-up questions could 

be asked throughout the interview. The interview was held in a semi-structured way, with questions 

prepared beforehand but plenty of room to broaden the interview scope. The downside to the open 

questions is that answers given are more difficult to copmare, but since the main goal of the interview 

was to get a broad idea of what factors the field experts see as having an influence on the 

understandability of process models, this downside was not too influential at this point. 

3.3.2 QUESTIONS 

The global structure of the questions asked throughout the interview is added in Appendix B. It is 

roughly divided into four parts. The first part is the introduction, containing questions about the work 

and experience with process modeling the field experts have. The next part asks the person being 

interviewed about the factors and aspects that they see as being influential on the understandability of 

process models. Then in the third part the person being interviewed can give his opinion about several 

factors that influence the understandability of process models. These factors are based on the literature 

study done before the interviews. Finally the last part will round up the interview and some last ideas 

and tips can be given. 

3.3.3 RESULTS 

During these interviews four field experts were interviewed, ranging from more than ten years of 

experience in the field of process modeling to people who started working at the beginning of 2007, 

after recently finishing their study. 

PROCESS MODELING APPROACH 

The first differences already became clear after the people being interviewed shortly explained their 

approach to modeling a business process. All mentioned that the creation of a business process model 

had to be undertaken with a lot of communication and contact with business representatives. But when 

the act of modeling itself came up, some of them mentioned they used an approach that looked a lot 

like a top-down approach, starting with the big parts of the business process and slowly going into more 

detail. They also conducted the communication with business representatives in the same way. One 

other person mentioned he started the model at the start of the business process, and modeling from 

there without too much strategy, adding the activities and places when more information came up. 

GOOD ASPECTS 

The field experts mentioned which aspects of their approach to process modeling they saw as being 

good practice. First there was the top-down method which was seen as a well-structured and good 

method by the people who modeled in that way. The use of a uniform and well-structured layout, which 

makes it clearer for the viewer of the model to grasp the basics of the process, was also seen as good 

practice. 
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Another important aspect that was mentioned is a standardized way of naming elements within the 

process model. Names of activities should start with a verb, and all names should be short, 

unambiguous and clear and no two activities should have the same name or description, yet be a 

different activity. Keeping to these guidelines would create a model that is easier to understand. 

 

Furthermore the use of subprocesses was mentioned, together with milestones. If sub processes are 

used correctly it can aid the understandability in a positive way. The milestones, usually represented by 

places in between sub processes, were mentioned as being a good indication when parts of the business 

process are finished. 

 

Aside from the use of sub processes, the field experts mentioned another aspect related to layout of the 

process model, which was the basic strategy and direction of the process model. Two versions, one from 

the top to the bottom and from the left to the right were mentioned. Any alternative routes or branches 

in the process would be created around the main process stream, and errors throughout the business 

process would go against the main stream. The advantage of this is that the model viewers can see the 

main process flow quicker and easier, and it is clear when the process is in an alternative or non-

standard flow. 

 

One of the field experts also mentioned the use of different views. Business representatives are often 

only interested in the part of the business process that they are familiar with or that they work with. 

Therefore usage of views on the process models is seen as being of importance to the understandability, 

especially when used to communicate with business representatives. 

 

Another aspect mentioned that is more Protos-specific is the use of the activity and trigger types. Within 

Protos it is possible to indicate whether the activity is a basic activity, logistics, authorize, community or 

check activity. The activity will have an image on it indicating what activity it is. The same idea is used for 

triggers, which can be a time, telephone, mail, file, software, human, e-business or e-mail trigger. By 

indicating what type of activity or trigger it is, it becomes easier to see what the activity or trigger stands 

for as there will be a different image on the activity or trigger. This will make the process easier to 

understand. 

 

Table 10 below shows an overview of the aspects seen as good practice and the frequency with which 

they were mentioned in the interviews with field experts. 

 
Table 10: Good aspects and their frequency 

Aspect Frequency 

Top-down 1 

Uniform and well-structured layout 2 

Naming standard 2 

Subprocesses 3 
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Milestones / places 2 

Basic layout strategy 1 

Different views 1 

Activity and trigger types 1 

 

BAD ASPECTS 

When the field experts were asked about what aspects of their approach process modeling were not so 

good, they found it more difficult to mention aspects. 

 

Contrary to the good aspects one field experts mentioned that splitting up the model in modules during 

the creation of the model sometimes confuses him. Usage of subprocesses at that point makes him 

forget what parts of the business process were already modeled and what parts were not yet modeled 

quickly. However once the process model is finished, or parts of the process model are finished, the 

process model is split up into sub processes for readability. 

 

Another aspect mentioned is the lack of a standardized approach to process modeling. Everybody 

models in his own way, from his own viewpoint and experience. This supports research done by Gemino 

and Wand, who mention that “techniques are routinely created for modeling business operations” 

(Gemino, et al., 2003). 

 

Furthermore, the use of places was mentioned as being unclear. Many modelers use these places too 

irregular and a field expert mentioned that they should only be used in case they are useful, which is in 

case of a milestone or in case they are needed for a certain type of split or join.  

 

Table 11 below shows an overview of the aspects seen as bad practice and the frequency with which 

they were mentioned in the interviews with field experts. 

 
Table 11: Bad aspects and their frequency 

Aspect Frequency 

Subprocesses 1 

Standardized approach 1 

Milestones / places 1 

 

LIST OF FACTORS 

When confronting the field experts with the list of factors as can be viewed in Appendix B, they 

expressed their thoughts on them. The first thing that became clear is that the field experts thought that 

the naming of elements within the model is seen as being highly influential. Incorrect, inconsequent or 
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unambiguous naming of elements will decrease the understandability of the process model quickly. A 

naming convention for this would aid towards the understandability of process models in general, 

according to the field experts. As a good example of naming, a field expert indicated to start all activity 

names with a verb and keep them short. 

 

The same can be said about the domain knowledge. When domain knowledge is present, various 

nuances of the process model are clearer and thus the process model will be easier understood. Again 

the different viewpoints were mentioned in relation to the domain knowledge. 

 

Furthermore the usage of more advanced and different elements was seen as being influential and that 

it decreased the understandability of the process mode quickly, though one of the field experts said that 

sometimes it increases the understandability of the underlying process if the advanced elements are 

used in a correct manner. 

 

In relation to the size of the model the field experts expressed that the bigger the model, the harder to 

understand it. They also mentioned that it is often not possible to decrease the size of the model as it is 

not possible to leave out steps. However, it is possible to increase the understandability of large models 

by unambiguous naming of the elements and the use of sub processes. 

 

The amount of splits and joins can influence the understandability of the process model, though this 

highly depends on how they are modeled. Again the field experts mention that the process itself can just 

require many splits and joins. The use of conditions on arcs was seen as practical by one field expert, 

though another expert mentioned that they did decrease the understandability slightly. Layout wise, the 

field experts did not pay much attention to the factor related to the amount of crossing arcs, though it 

was mentioned that it does decrease understandability slightly. Notable as well is the fact that the field 

experts indicated that amount of experience in the field does not change the understandability of the 

process model much. One field expert did however mention that throughout the years it became easier 

to see whether a model is syntactically and semantically correct. 

 

Table 12 below shows the factors from the list, and how often they were mentioned as being highly 

influential to the understandability of process models in general. 

 

Table 12: Factors and how often they were mentioned as being highly influential 

Factor Frequency of being 

mentioned as highly 

influential 

Size 2 

Amount of splits and joins 1 

Amount of arcs 0 

Usage of more advanced elements 2 
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Conditions on arcs 1 

Amount of crossing arcs 1 

Naming of elements 4 

Space between elements 0 

Usage and amount of subprocesses 3 

Knowledge of  background/domain 3 

Personal knowledge and experience 0 

 

ADDITIONAL FACTORS 

An additional factor that was mentioned by one of the field experts that was not in the list was the 

dependencies between other related models. A process that depends on a lot of other processes will be 

less easy understood than a process that stands on its own, though its influence was related to the 

influence of sub-processes. 

3.4 CONCLUSIONS 
Throughout this chapter, various factors that influence the understandability of process models have 

been discussed. Many factors can be found in existing literature, though these are largely based on a 

theoretical motivation and mainly deal with the size and control flow of the process model. Therefore, 

several interviews with field experts have been conducted to get a broader view on what factors are 

seen as being influential on the understandability of process models. 

 

The literature research undertaken throughout this chapter indicated that there are many metrics to 

measure the size of the process model available and these mainly measure the amount of elements, for 

instance the amount of places and transitions in a Petri net. Some also measure relation between places 

and arcs as well as transitions and arcs. Field experts indicate that the size of a process model does 

influence the understandability of the process model, yet is hard to influence since a business process 

can just have that many activities. There are ways to change the amount of influence the process model 

size has on its understandability, which are the usage of sub-processes and an unambiguous naming 

convention. Furthermore, the complexity of the control flow is also difficult to influence, yet of 

importance to the understandability of process models. Several other factors have been mentioned in 

literature, related to modularity of process models, layout, design, properties and personal experience 

and knowledge, though the amount of work undertaken in this area in relation to complexity and 

understandability is limited. 

 

Through interviews with several field experts more information regarding factors that influence the 

understandability and complexity of process models has been gathered. Field experts indicated that, 

from their point of view, there are a few important factors that influence the understandability of 

process models. These are the naming of elements within the process model, the size of the process 

model together with the usage of sub-processes, the knowledge of the domain of the model and the use 
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of advanced elements. During the interviews with field experts, the lack of standardization in modeling 

approach was also mentioned as a factor that decreases the understandability of process models. This 

supports the need for research goal 3, the need for approaches to increase the understandability of the 

created process model. 
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4 RESEARCHING FACTORS 

Throughout this chapter the research on the factors will be described and explained. First, the factors 

are displayed in an overview, together with how the field experts see the influence on understandability 

of these factors, the factors’ measurability and adaptability. After that, the experiment to test several 

factors is described in detail. 

4.1 FACTORS TO RESEARCH 

The previous chapter showed that there are many factors potentially influencing the understandability 

of process models. While the previous chapter already gave a respectable list of factors, there are most 

likely many more factors. Since this master project is limited in time and other resources, a choice of 

factors to research further has to be made from the list of factors found in the previous chapter. 

4.1.1 FACTOR CHOICE BASE 

Process modelers (field experts) are dealing with process models and the creation of process models a 

lot, and they also see a lot of process models not created by themselves. Therefore, the choice of factors 

will be based on their opinion and thus their previous experiences. The previous chapter already gave an 

overview of factors that field experts see as being influential to the understandability of process models. 

Basing the factor choice of information from field experts gives a set of factors that is more based on the 

business side, and less on the theoretical side. 

 

Another important aspect that has to be kept in mind throughout the choice of factors to research 

further is measurability. When factors that influence understandability are measurable, conclusions 

taken from research on these factors can be based on these measures and can thus be motivated 

without taking personal feeling and preference into account. Measurability can mean two things: 

whether the factor is measurable with a metric – like the FAN-INOUT metric to measure modularity - or 

whether the effect of the factor on the understandability is measurable – like being able to measure the 

difference in understandability based on two different variants of the factor. In this case, the second 

meaning is most important, but metrics to measure the factor themselves are also useful.  

 

Business processes cannot be altered easily or without high investment of resources, thus one can 

assume that the business process will not easily be changed to increase the understandability of the 

process model. Therefore, one has to take into account the adaptability or changeability of the factors, 

meaning that the influence of the factor can be adapted or changed without altering the meaning of the 

model or the domain represented by the model. When adaptability or changeability is very good, it is 

possible to setup guidelines and rules that increase the understandability of process models without 

having to change the actual business process. For example, it is hard to adapt the size, more specific the 

number of activities, in a process model as the number of steps in a process cannot be altered – unless 

abstraction is used which changes the model completely, including its meaning. Modularity on the other 
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hand has a good adaptability as one can change the subprocesses without changing the actual business 

process. 

4.1.2 FACTORS OVERVIEW 

Throughout this section, influence according to field experts, measurability and adaptability of various 

factors found in the previous chapter will be outlined. An overview of this section has been given as a 

small table in Appendix C as well. 

SIZE 

Field experts indicate that the size of the process model has quite some influence on its 

understandability, and literature provides a lot of metrics for the size of a process model, some of which 

have been given in section 3.2.1. Influence of the size on the understandability can be measured by 

taking different models in size and comparing how well they are understood. The downside of size is 

that one cannot adapt the process model to increase understandability, as the process cannot be 

adapted easily. It is possible to change the abstraction level of the process model, however one would 

get a completely different model that way as it would leave out information that is in the detailed 

model. 

As all field experts saw size as being quite influential but there were more important ones, size gets a 

quite high mark (4 out of 5) from the field experts. It is also very easily measurable, thus the highest 

mark on measurability (5 out of 5). The downside for size is that it is not adaptable, thus the lowest mark 

on adaptability (1 out of 5). 

MODULARITY 

As indicated in the previous chapter, field experts see modularity having a lot of influence, especially 

with large models. Therefore measurability gets the highest grade (5 out of 5) from the field experts. 

Measuring the modularity of a model can be done through the fan-in and fan-out metrics given in 

section 3.2.2. Another metric that could be used to measure the modularity is the size of the process 

model divided by the amount of modules (sub processes), thus measuring the average size of a module. 

To measure the influence the usage of sub processes has on the understandability one could analyze the 

same model with different modularity and compare the results. Therefore, measurability gets the 

highest grade as well. Adapting the process model, thus making it more or less modular, will not 

influence the business process itself, which makes the adaptability very good. As one can make the 

model modular quite easily, modularity gets a high grade for adaptability as well. 

CONTROL FLOW 

The control flow of a process model has some influence, though field experts do not indicate it is a lot. 

Therefore it gets an average mark. The effect the control flow has on the understandability is difficult to 

measure since it is difficult to combine the control flow of two different models, except for comparing 

the values of different control flow metrics. Literature has a large variety of metrics for the control flow 

of a process model and these metrics cover a lot of aspects of the control flow and structure, ranging 

from the complexity of splits to relation between places or activities and arcs. On the other hand, the 

control flow adaptability or changeability has the same downside as with size, it is difficult to adapt the 
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control flow of the process model as it is largely inherent to the business process. Therefore the 

measurability and adaptability respectively get a medium and low mark. 

USAGE OF DIFFERENT MODEL ELEMENTS  

The difference in elements, especially more advanced elements, has a lot of influence on 

understandability of the process model according to field experts and therefore gets the highest mark. 

One cannot easily find measurements on the usage of different elements in literature, but it seems like 

one can use relations between size measures to indicate the difference in amounts of elements. For 

instance, it is possible to measure the amount of triggers compared to the amount of places, 

activities and arcs. Measuring differences on understandability can be done by creating the 

same model in different ways; especially using Protos this is doable. Some examples of aspects 

that can be changed within Protos without changing the actual business process are: 

� Use of places: to increase understandability one can use places where it is not really necessary 

� Use of activity and trigger types: changing the types to be better related to the actual activity or 

trigger will increase understandability, though also change the meaning of the activity 

� Use of sub-processes: Making the model more or less modular can increase or decrease the 

understandability 

As one can measure the influence relatively easy, it gets a 4 out of 5 mark. The use of places and 

different activity and trigger type are very detailed (element-based) changes, though the use modularity 

changes the model completely. Therefore, the adaptability gets an average mark. 

TEXTUAL DESCRIPTIONS 

Unambiguous, clear and consequent naming of elements within the process model will have much 

positive influence on the overall understandability of the process model, as indicated by field experts. 

Thus, it gets the highest mark. Measuring the textual descriptions of elements within the process model 

is difficult, since it is unclear what a good textual description is. An indication about a good textual 

description is given by field experts throughout the interviews, being that the textual description should 

be short, direct, unambiguous, start with a verb and two elements with the same name in the model 

should also be the exact same activity in the actual business process. Another indication of a good 

textual description is given in (Sharp, et al., 2001). It would be possible to calculate the percentage of 

elements of the total that follow these rules. Measuring the influence the textual descriptions have can 

be done through comparing the results of two of the same models with different textual descriptions, 

thus overall the measurability is average, and gets an average mark. Obviously, one can change textual 

descriptions of elements to ones liking in order to increase the understandability and thus textual 

descriptions get the highest mark. Bear in mind that textual descriptions can be changed to ones liking, 

however they should not change the meaning of process model. 

STATE SPACE 

Throughout the interviews the state space of a model has not been given much attention by the 

interviewed field experts, hence it is assumed that the field experts do not think it has too much 

influence and it gets a 2 out of 5 mark. From a Petri net it is possible to create a state space using 

various tools. Thus, it would be possible to create the state space from the basic structure of a Protos 
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model as well. From there, it is not too difficult to count the number of possible states.  Influence that 

the state space has on the understandability is rather difficult to measure. Though, the state space is 

closely connected with the size and control flow of the model. Therefore, one could see a relation 

between the influence of the size and control flow on one hand and the influence of the state space on 

the other hand. For that, the measurability gets a 4 out of 5 mark. The adaptability is very low, since the 

state space depends a lot on the size and control flow of the process model. Since the size and control 

flow have a low adaptability, the adaptability of the state spaces is low as well and gets a 1 out of 5 

mark. 

AVERAGE OR MAXIMUM TOKEN COUNT 

Similar to the state space, the field experts did not give much attention to the average and maximum 

token count in the process model as a factor that influences the understandability and thus it gets the 

same mark. Furthermore, if one can calculate the state space one knows the maximum amount of 

tokens and average amount of tokens in the process model since a node in the state space indicates the 

amount of tokens in the process model in that state. How well you can measure the influence of the 

token count is again linked with the size, control flow and state space of the model. The token counts 

are based on the business process behind the model and mainly its control flow. Therefore, it is hard to 

adapt the process model in favor of the readability based on the average or maximum token count and 

gets the lowest rating. 

MODELERS’ EXPERIENCE 

Modelers’ experience was of some, but not too much influence according to field experts and therefore 

gets an average mark. One can measure the experience a modeler has through years of working in the 

field, or an estimate of number of models created or analyzed, though these measures are only an 

estimation. But a downside is that a person working in the field for many years could have created or 

seen far less models than a person who has only worked in the field for a single year. The experience a 

modeler has cannot be instantaneously changed; it can only grow through the years, thus the 

adaptability is very low. Therefore the measurability and adaptability get 3 out of 5 and 1 out of 5 marks 

respectively. 

DOMAIN KNOWLEDGE 

The field experts indicated in the interviews that domain knowledge behind the process model has a lot 

of influence on its understandability and thus get the highest mark. The amount of knowledge about the 

domain a person has is very difficult to measure. It will largely depend on the domain information 

available, knowledge about the domain beforehand and the relation the viewer of the model has with 

the domain and the model itself. Because this depends on so many factors that are difficult to measure 

the measurability gets the lowest mark. The amount of knowledge regarding the domain is relatively 

easy adaptable by, for instance, reading process documentation, requesting mode information from the 

business process experts and so on, and thus gets a relatively high mark. 
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4.1.3 FACTOR RESULT 

The previous section analyses factors that influence the understandability based on what field experts 

see as being influential, whether the factor is measurable and whether the process model is adaptable 

without changing the actual business process. Based on this analysis the modularity seems to be of most 

influence and also very well measurable and adaptable. Therefore, further research into the 

understandability of business process models in this research will focus on this factor, yet will also look 

into various other factors mentioned above. 

4.2 QUESTIONNAIRE 

4.2.1 APPROACH 

After the main factor to research, modularity, is decided upon based on: 1) what field experts say, 2) the 

factors’ measurability and 3) the factors’ adaptability, an approach to research the understandability will 

be chosen. As understandability is a rather broad aspect and cannot be measured directly, the factors 

will be researched mainly through an experiment. A questionnaire has been made for people to fill in, 

which will test how these respondents understand various aspects of the model and with that give a 

general idea of the understandability of the model as a whole. Field experts from Pallas Athena will be 

filling in the questionnaire personally once they received it. 

4.2.2 STRUCTURE 

GENERAL STRUCTURE 

The questionnaire mentioned in the previous section is added to this document in Appendix D and has 

the following general structure. First, the respondent gets a short introduction about the questionnaire, 

giving background information about the project, the questionnaire itself and reasons behind it. In the 

second section the respondent is asked to fill in some general information about himself, his work and 

his work experience. Afterwards the actual analysis of some models is executed and the respondent is 

asked questions about two different models. Each of these models is introduced shortly first, to give the 

person filling in the questionnaire a very general idea of the scope of the model. Finally, there are some 

short questions to round up the questionnaire asking for the end time of the questionnaire and whether 

they would like to add some additional information. 

MODELS 

In order to select the models for the questionnaire people within the company were asked to send in 

models from real life they saw fit to be used for the questionnaire. Thus, these   models were actually 

used for consultancy work. Once the models were received they were reviewed for having a decent size, 

content and structure and the possibility to ask questions about the model. Since they were real life 

models created by consultants and reviewed before they were used, it is assumed that modularity in 

these models is not used excessively but in a reasonable way. Once selected the person who sent in the 

model was asked whether it was possible to use the model for a questionnaire within the company, 

seeing as it might contain some for-your-eyes-only information. This resulted in the following two 

models with over 100 activities and at least eight subprocesses each. 
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The first is a model (model A) from the Centraal Bureau Rijvaardigheidsbewijzen (CBR), a company that 

takes driving tests for people to get their drivers license. The process in question deals with clients that 

cannot instantly get their drivers license because they have physical or psychological disabilities that can 

influence their driving. It is part of a bigger model, and this bigger model is currently being transformed 

into a FLOWer system that will be used within the CBR. 

 

The second model (model B) used in the questionnaire is a model that is based on a process from 

another Dutch company. The process in question handles clients who need a service from the company 

until the moment they are helped completely. Initially it was meant to get insight into the process and 

possibly to get a system implementation of it. The model was close to being finished before the project 

was terminated. It was never used or changed anymore afterwards. 

Model comparison 

As indicated above, both models are models taken from the real world. In this section a comparison of 

the models is given, also based on metrics given in the previous chapter. In the next table all basic 

counts of both models are given, together with how the difference (in percentage) of both values 

compared to the sum of both values is. In other words: 
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Table 13: Model comparison part 1 

 Model A Model B Difference 

Activities 105 120 7% 

Places 25 55 38% 

Triggers 20 21 2% 

Arcs 171 248 18% 

Subprocesses 8 19 41% 

 

When looking at the above table it is clear that model B is bigger in all aspects. Especially the number of 

places and subprocesses is big in comparison to model A percentage-wise and the amount of arcs is 

much bigger in absolute numbers. If we look at the differences between both models in more detail, 

using metrics from the previous chapter, we get the following table: 

 
Table 14: Model comparison part 2 

 Model A Model B Difference 

NOTOT 301 423 17% 

PO 3,42 2,24 21% 

TO 0,81 1,03 12% 
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FAN-IN 7x 1 
1x3 

 
 
 
 

Average: 1,25 

2x0 
8x 1 
3x2 
3x4 
1x5 
2x6 

Average: 2,26 

 
 
 
 
 
 

29% 

FAN-OUT 1x0 
4x1 
2x2 
1x3 

 
 
 
 

Average: 1,5 

3x0 
5x1 
4x2 
1x3 
3x4 
1x5 
1x7 

1x10 
Average: 2,26 

 
 
 
 
 
 
 
 

20% 

FAN-INOUT 1x0 
3x1 
2x4 
2x9 

 
 
 

Average: 3,63 

5x0 
3x1 
3x4 

1x16 
3x36 

3x100 
1x196 

Average: 33,42 

 
 
 
 
 
 
 

80% 

CYN 43 75 27% 

DENSITY1 1,32 1,42 4% 

DENSITY2 0,0102 0,0082 11% 

AVGCONDEG 1,10 1,21 5% 

DEPTH 3 3 0% 

 

As can be seen in the above table all of these metrics differ somewhat, though the main differences can 

be found when looking at the PO, FAN-IN, FAN-OUT, CYN but mainly the FAN-INOUT metrics. The FAN- 

metrics indicate that model B is far more complex, subprocesses-wise and since it has higher values for 

FAN-metrics it is structured worse according to the information given in 3.2.2. If we look at the 

subprocesses aspect in more detail by looking at the average size (activities and places) per 

subprocesses including the main process, we see the following table: 

 
Table 15: Model comparison part 3 

 Model A Model B Difference 

Activities & places 130 175 15% 

Subprocesses 9 20 38% 
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Activities & places per subprocess 14,44 8,75 25% 

 

Looking at this table, it appears that model B has far more subprocesses. The subprocesses of model B 

are also smaller on average. 

Model display and presentation 

In order to analyze difference when the models are presented differently, two versions of each model 

are created. The original versions of the above models are nicely divided into sub processes by their 

respective authors. They are presented to the respondents by having one A4 sized paper per 

subprocess. Model A is therefore 9 pages and model B 20. The alternative, second versions of both 

models are created by exploding the sub processes and creating a large, flattened model, fitting well on 

an A3 sized paper. The flattened versions of both models are shown in Appendix E and Appendix F. 

GROUPS 

Overall, the experiment will contain two groups and these will consist of employees of Pallas Athena. 

These employees are mainly consultants, though also some non-consultants will be filling in the 

questionnaire. 

 

Each group will get a different set of model versions. The first group has the original hierarchical version 

of the first model and a flattened version of the second model. The second group has the original 

hierarchical version of the second model and a flattened version of the first model. Handing out the 

questionnaire is done based on how many questionnaires are received at the moment of handing out, 

thus the questionnaire handed out is the version of the group of which the least results are in at that 

moment. That way, the number of results in the end will be about equal. By setting up the experiment in 

the above way, one gets a better overview on how much each version of the models is understood. 

 
Table 16: Model division over gropus 

 Group 1 Group 2 

Model A Hierarchical Flattened 

Model B Flattened Hierarchical 

 

The questionnaire is given in Dutch as all the people filling in the questionnaire are very familiar with the 

Dutch language, but may not be as familiar with English. The models given with the questionnaire are 

given in black and white on paper. This is chosen contrary to a digital version as the end-users (clients of 

Pallas-Athena Solutions) will see their models mainly in a report version on paper as well; though also 

get a digital version. When receiving the questionnaire, the respondents were told to spend no more 

than 25 minutes on each model in order to keep the time spent on the whole questionnaire within limits 

and make sure not far more time is spent on one of the models. 
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QUESTIONS 

The questions asked throughout the questionnaire deal with various aspects of the models. Some are 

questions about the structure, for instance how many cycles the model or part of the model contains. 

Other questions deal more with the detailed content of the model, for instance if an activity can still 

occur if some other activity occurred earlier. Furthermore, some questions deal with the entire model 

and others with a part or even only aspects of one subprocess in the hierarchical version of the model. 

 

The questions were made after studying the model for a while and noticing various interesting aspects 

of the model about which good questions could be asked. Questions regarding model A were even 

discussed with the creator of the model in order to be sure that they covered almost all aspects of the 

model and he had no additional questions that should be asked. For model B, the creator was asked 

afterwards what he thought of the questions. He mentioned that because the questions require the 

respondents to look at the model as a whole but also at specific smaller parts. Furthermore he 

mentioned that it is possible to judge whether the model can be read well or not with the questions 

asked in the questionnaire. 

 

Before handing out the questionnaire amongst employees within Pallas Athena, the questionnaire has 

been filled in by five students at the TUE in order to get feedback. The students indicated which 

questions were unclear and should be further specified to become unambiguous, what questions could 

be made multiple choice and many other things. Furthermore, the tests amongst students were to see 

whether the duration of the questionnaire was not excessively long. This test resulted in around 10 

questions being altered or changed and three questions being removed from the questionnaire 

altogether.  

4.2.3 HYPOTHESES 

The hypothesis explained in this section will be largely based on the literature study done and described 

in an earlier chapter as well as the short interviews held with field experts. As modularity is the main 

factor taken into account while creating the questionnaire, the main hypothesis will be related to this. 

 

First, during the interview the field experts mentioned that the use of subprocesses in process models 

has a lot of influence on its understandability. When subprocesses are used it increases the 

understandability a lot, though it also decreases quickly once the use of subprocesses is overdone. This 

understandability decreases as the entire process model will become too hard to read through as it is 

near impossible to gain the required information about the process flow anymore. This notion is backed 

up by (Gruhn, et al., 2006) who, as indicated before, mention that “dividing a BPM in modular sub-

models cannot only help to make the BPM easier to understand, it can also lead to smaller, reusable 

models – if modularization is used in a reasonable way”. An indication about what ‘a reasonable way’ is 

would be the outcome of the FAN-IN, FAN-OUT, FAN-INOUT metrics. Therefore, the following 

hypothesis could be written down: 

H1: If modularity is used, the understandability of the model is higher. 
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In this hypothesis, the assumption is made that the models in question use modularity in a reasonable 

way. This assumption is made for the models in question, since they have been created by field experts 

and these models have been used in real life consultancy. 

 

Furthermore, the questionnaire also asks for basic info on the respondents’ personal background, for 

instance their experience, educational background and job content. The field experts, as well as 

(Mendling, et al., 2007B) indicate that the more experience somebody has with process models and 

process modeling the higher their understanding of process models. This leads to the following 

hypothesis: 

H2: The higher the experience somebody has with process models and process modeling, the higher 

their understanding of process models. 

The educational background of people could be of influence, though there is no literature information 

backing this general statement up. On the other hand, (Mendling, et al., 2007B) mention that “it seems 

that the amount of theoretical modeling knowledge of the subjects may play a role here”. Since the 

questionnaire does not ask to grade or mention the amount of theoretical knowledge their study 

provided, it is impossible to measure and relate this to the understandability in this research. 

Furthermore, the interviews with field experts also indicate the educational background of the person to 

be of little or no influence to the understandability of process models.  This is an indication for the 

following hypothesis: 

H3: The educational background of a person has done is of little to no influence on the 

understandability of process models. 

Besides experience and educational background, the job content is asked as well. Obviously the job 

content seems somewhat related to the experience of a person, as consultants will most likely have 

made and seen more and bigger process models, especially in recent years. Therefore, seeing hypothesis 

H2 above it seems that they would understand process models better which leads to the following 

hypothesis: 

H4: A consultant will understand process models better and easier than a person who is not a 

consultant. 

With each model the respondents are asked to give an estimate of their understanding of the model. 

Previous study to the understandability of process models already indicates that it is difficult to give a 

correct estimate of the understandability of the process model beforehand. This leads to the following 

hypothesis: 

H5: Estimating the understanding of process models is difficult and the relation between the 

perceived understanding and the actual understanding based on the model questions has a vague or 

no relation. 
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Another aspect the respondents get asked is to fill in the start and end-date and time for the questions 

about each model. It may take longer to find model information in a flattened model in comparison to 

the hierarchical model as the model is on a single page and thus more complex at first sight. On the 

other hand, browsing through different model levels may also make it take longer to find model 

information. Therefore the overall idea is that it takes about equal amount of time to fill in a single 

question, which leads to the following hypothesis: 

H6: It takes an equal amount of time to fill in a single question or all questions on a flattened model 

compared to a hierarchical model. 

The respondents also filled in whether they had prior knowledge about the model or the process. As 

having prior domain knowledge is of high influence according to field experts and related literature, it is 

logical that the understanding of the model is higher for people with prior domain knowledge. This leads 

to the following hypothesis: 

H7: Having prior knowledge about the process or the process model increases the understandability 

of the process model. 

Different questions cover different aspects of the model. Some questions are about global aspects and 

can only be answered when looking at a more global level, often at multiple subprocesses and other 

questions have local solutions. It seems logical that global questions are better answered by the 

respondents that have a flattened models and local questions better by respondents who have a 

hierarchical version of the model. This leads to the following hypotheses: 

 H8: Global questions are answered better when having a flattened version of a model. 

H9: Local questions are answered better when having a hierarchical version of a model. 

To test these hypotheses the results from the questionnaire are analyzed in the next chapter. 
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5 RESULTS 

In this chapter, the results from the questionnaire are presented. A more-detailed analysis of specific 

results can be found in Appendix G. Furthermore, various approaches to process modeling that increase 

the understandability of the created models are given, together with some additional ideas for Protos 

and Pallas Athena. Finally, a conclusion to the chapter is given. 

5.1 RETURNING OF QUESTIONNAIRE 
Some of the questionnaires came back rapidly after handing them out, though in other cases it took a 

long time. For those, reminders were sent off and eventually 28 of the 36 questionnaires sent out were 

returned filled in. Most of the respondents also finished all questions, though it took some of them 

longer than the 25 minutes per model indicated beforehand. 

  

Once the results came in, the results to each question was put into an Excel spreadsheet. These results 

include the name, background information, modeling approach and model-specific questions. The 

spreadsheet automatically checks which questions were answered correctly by comparing the results to 

the correct answers. It also calculates the duration based on the times people filled in in the 

questionnaire before they started model-specific questions and after they finished these. 

 

From the question results and the durations per model the spreadsheet also calculates a lot of 

additional data, being: 

� Percentage of questions answered correctly by summing up the amount of correctly answered 

questions per model and dividing this by the total questions per model. 

� Percentage of local and global questions answered correctly by doing the same as above for the 

specific questions. 

� Time spent per filled in question by dividing the time to fill in all questions by the amount of 

questions filled in. 

 

This data was then used to analyze various specific aspects of the questionnaire, models and 

respondents that were implicated by results from the questionnaire. This is analyzed in detail in 

Appendix G. 

5.2 GROUP DIVISION 
First, the analysis checks whether various personal aspects like work experience, educational 

background, job description and modeling experience are divided equally over both response groups. 

This is done by checking whether there is a statistically significant difference for those aspects. If this 

would be the case, further analysis on these aspects is not as valid and meaningful since the groups 

would be distributed unequally. The analysis of various background aspects of the respondents shows 
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that the following aspects are equally spread over both groups (see Appendix G, section “Group 

comparison”): 

� Amount of years the respondents worked within the company. 

� Amount of years the respondents worked in the field of process modeling. 

� Whether the respondents finished a university-level (WO) study or not. 

� Whether the respondents are consultants or not. 

� Whether the respondents who are consultants are technical or business consultants.. 

� Amount of models the respondents created. 

� Average size of the models the respondents created. 

 

As these were the main questions asked about the background of the respondents it indicates that the 

respondents are divided equally over both groups. Therefore, further analysis on results assumes the 

respondents to be equally spread over both groups. 

5.3 ANALYSIS 
The understandability of a process model for a certain viewer was previously defined as “The ability for 

the viewer to understand aspects of the model correctly”. The questions created in the questionnaire 

cover several aspects of the model, on a global and local scale. Therefore, the amount and percentage of 

questions answered correctly is a way to measure the understandability of the process model in 

question. Because of this, the percentage of questions answered correctly is used to analyze various 

factors that could influence the understandability of process models. 

5.3.1 MODELS 

Because the questionnaire only contained two models it is difficult to analyze the influence the different 

metrics have on the understandability of process models. Furthermore, since the two models are 

different and thus the questions asked regarding the models are completely different as well, one 

cannot simply compare the results of both models one by one to analyze the different metrics based on 

the results of these questions. 

 

From the analysis one can see, based on the acceptance of null hypothesis stating “The questions for 

each model are made equally well.” (H02.2, page 103), that there is not a statistically significant 

difference between the results for both models. However, the Box-and-Whisker plot of this analysis on 

page 105 does show the ordering favors model B. This could be explained by the fact that model B has 

more local questions and the average percentage of correctly answered questions for model B is far 

higher for group 1 having model B in hierarchical form than any other percentage. This is illustrated 

further in Table 17 below, listing the average percentage of correctly answered questions for each 

model in both forms. 
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Table 17 Average percentage of correctly answered questions 

 Flattened Hierarchical 

Model A 38,54% 42,36% 

Model B 37,50% 58,33% 

5.3.2 MODULARITY 

From the results of the detailed analysis in Appendix G it can be concluded that both groups make the 

entire questionnaire equally well overall, supported by the acceptation of the null hypothesis stating 

“Both groups make the questionnaire equally well.” (H02.1, page 102). Since this general analysis of 

correctness per group does not indicate a significant statistical difference it is possible to look into the 

results in more detail by comparing the two groups per model. 

 

For both models, the ordering of percentage of correctly answered questions favors the group receiving 

the model in hierarchical form. In case of model B, the difference is even statistically significant. Table 

17 also shows that more questions about the model are answered right when the hierarchical versions 

of the model is received. These results support hypothesis H1. 

 

When comparing the results of hierarchical models and flattened models overall, there is a significant 

difference in the percentage of questions answered correctly. This is supported by the rejection of the 

null hypothesis stating “There is no difference in correctly answered questions between the flattened and 

hierarchical models.” (H02.8, page 112). The Box-and-Whisker plot of this analysis shows that the 

questions about aspects of the model are answered better when a hierarchical version of the model is 

provided. Together with the above notion that this is the case for model B – and also for model A, 

though less significant – hypothesis H1 is supported by findings from this research and that the use of 

modularity in a reasonable way increases the understandability of the model. 

REASONABLE USE OF MODULARITY 

Obviously this raises the question as to what “reasonable use of modularity” is. (Gruhn, et al., 2006) 

mention that the higher the FAN-IN, FAN-OUT and especially the FAN-INOUT value of a module is, the 

worse it is structured. This suggests that the lower the average value of these metrics is over all modules 

within the model, the better modularity is used overall. Modules with a single entry point and a single 

exit point have a value of one 1 for each of these metrics and it is impossible to get a lower value for 

these metrics than 1. Therefore, modules with a single entry point and a single exit point are seen as 

being well structured modules. 

 

The above indicates that the lower the average FAN-IN, FAN-OUT and FAN-INOUT metric values, the 

better and more reasonable the use of modularity is within the process model. This is supported by 

remarks given throughout the questionnaire. Model B has far higher average FAN-IN, FAN-OUT and FAN-

INOUT values (see Table 14). Four respondents mentioned in remarks about the hierarchical version of 

model B that the use of the many connections from and to the subprocesses made it difficult to keep 

track of the process flow. This remark is not mentioned for the hierarchical version of model A. 
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Another aspect related to “reasonable use of modularity” mentioned three times in remarks about the 

hierarchical version of model B is that the number of subprocesses makes the model badly readable. 

Therefore, it seems that “reasonable use of modularity” is also dependent on the amount of 

subprocesses. Again, this remark is not mentioned for the hierarchical version of model A. 

 

At this point, we can combine the above notion about FAN-IN, FAN-OUT and FAN-INOUT metric values, 

the number of subprocesses for model B and the remarks given by respondents. From this combination, 

it is possible to conclude that a module with 20 subprocesses and an average FAN-IN value of 2,26, an 

average FAN-OUT value of 2,26 and an average FAN-INOUT value of 33,42 already makes it too difficult 

to follow the process flow for some people, and is thus poorly structured, modularity wise. 

 

Contrary to the remarks given in the questionnaire about model B being more difficult to understand 

and less well structured, Table 17 shows that that questions regarding model B in hierarchical form are 

made best. In order to find out what may have caused this higher average value, we look at model B, 

and specifically this result, in more detail. 

MODEL B IN HIERARHICAL FORM 

To analyze the difference result for the hierarchical version of model B compared to the other results in 

more detail, we first look whether there is a statistical difference between both model types. This 

analysis will compare the results of both of the flattened models with each other as well as the results 

for both of the hierarchical models. Afterwards we specifically look at the group which had model B in 

hierarchical form and compare the results for both models within that group. 

 

Comparing the results for the percentage of correctly answered questions for both flattened models 

shows that there is no statistically significant difference in the results these questions asked about the 

flattened model A or flattened model B. This is concluded from the acceptance of the null hypothesis 

stating “There is no difference in correctness for the flattened models.” (H02.6, page 109). Table 17 shows 

that the average percentages are just over 1% apart. 

The results for the hierarchical models however, show that questions regarding model B are answered 

better since the null hypothesis stating “There is no difference in correctness for the hierarchical 

models.” (H02.7, page 110) is rejected and the Box-and-Whisker plot shows these results favor model B. 

Table 17 shows that questions about the hierarchical version of model B are answered with an average 

percentage of correctly answered questions of 58,33%. For model A, this average is 42,36%, which is a 

difference of over 15%. 

 

Looking specifically at group 1, who received model B in hierarchical form, we see the same result as the 

null hypothesis stating “There is no difference in the percentage of correctly answered questions for 

model A and model B for group 1.” (H03.1, page 113) is rejected. This group made model B significantly 

better than model A. The average percentages of questions answered correctly per model per group are 

shown in Table 18 below. 
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Table 18: Average percentage of correctly answered questions per model 

 Model A Model B 

Group 1 38,45% 58,33% 

Group 2 42,36% 37,50% 

 

Combining these results for group 1 with the result from both versions of the hierarchical models it is 

clear that questions regarding the hierarchical version of model B are made statistically significantly 

better than any other questions. The difference is also not caused by group 1 having a higher 

understanding of process models as the null hypothesis stating “Both groups make the questionnaire 

equally well.” (H02.1, page 102) is accepted. Therefore, we analyze whether the difference in results for 

the hierarchical version of model B might be caused by influence of local or global questions. 

GLOBAL AND LOCAL 

The analysis of global and local questions overall shows that local questions are made far better than 

global questions. The average percentage of global questions answered correctly is almost 40% lower. 

Table 19 below shows the average percentage of correctly answered questions for global and local 

questions over the whole questionnaire. 

 
Table 19: Average percentage of correctly answered questions for global and local questions 

 Average percentage correct 

Global questions 19,20% 

Local questions 57,59% 

 

A reason for the difference between global and local questions might be that global questions require 

more overview of the entire model and it is easier to get lost in all the information the model provides. 

When one wants to find answers to global questions in a flattened model, the amount of information on 

one page makes it difficult to find the required parts of the model. With hierarchical versions of models, 

the browsing between subprocesses makes the respondents lose the overview. Answers to local 

questions on the other hand are more aimed towards a specific part of the model. For the hierarchical 

version of the model, they can be found on one subprocess level and for the flattened model they can 

be found on a limited portion of the model and do not require the full overview. 

 

As questions regarding model B in hierarchical form are made statistically significantly better than any 

other questions in the questionnaire and model B has far more local questions (see Table 20 below), the 

experiment conducted in this research shows that local questions are made better with models in 

hierarchical form. Therefore, findings from this research support hypothesis H9. 
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Table 20: Amount of local and global questions per model 

 Global questions Local questions 

Model A 6 6 

Model B 2 10 

 

Local questions per model type 

Another analysis supporting hypothesis H9 is the analysis of local questions per model type. This analysis 

shows that local questions are made better for hierarchical models in general as well, since the null 

hypothesis stating “There is no difference in correctness for local questions made over a flattened or 

hierarchical model.” (H06.5, page 145) is rejected. The Box-and-Wisker plot of this analysis shows that 

the results favor hierarchical versions of the models. 

Global questions per model type 

The analysis of the results for global questions does not indicate any significant difference for the 

hierarchical and flattened model. This is derived from the acceptance of the null hypothesis stating 

“There is no difference in correctness for global questions made over a flattened or hierarchical model.” 

(H06.2, page 142) and the acceptance of the null hypothesis stating “There is no difference in correctness 

for global questions made over a flattened or hierarchical version of model A.” (H06.3, page 143). 

Furthermore, no valid analysis could be executed over the global questions of model B as the 

percentage of correctly answered questions were all equal for one group. This shows that there is no 

significant difference in the results for global questions based on model type, which is in contrast with 

hypothesis H8 and leads to believe that hypothesis H8 is not valid in practice. 

5.3.3 EXPERIENCE 

As shown in earlier paragraphs, experience is a factor which is seen as having influence on the 

understandability of process models. This resulted in hypothesis H2. The detailed analysis done based 

on the questionnaire analyses several aspects regarding the experience of the respondents to see 

whether this hypothesis is supported by the experiment. 

 

From the questionnaire results it appears that the number of years a person has worked with business 

processes or in the field of business process modeling is very influential on the understandability of 

process models. The average percentage correct is even more than 10% apart for the average and 

median tests, which is shown in Table 21 below. The more-experienced respondents have over 50% of 

the questions correct and the less-experienced less than 40%. This indicates that the respondents who 

worked in the field longer understand business processes better or quicker. A reason for this might be 

that they have more experience with the modeling program (Protos) or with business process and 

business process modeling in general and grasp the basic concepts of the model quicker than people 

who do not have much experience yet. 
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Table 21: Average percentage of correctly answered questions for experienced and less experienced respondents 

 Average percentage correct 

(Average test, page 124) 

Average percentage correct 

(Median test, page 125) 

Experienced 52,08% 51,92% 

Less experienced 39,32% 36,11% 

 

Another aspect supporting hypothesis H2 is the rejection of the null hypothesis stating “The average 

amount of created and the size of the models created does not influence the percentage of correctly 

answered questions.” (H05.8, page 132). This indicates that the amount of models created and the 

average size of these models is of influence to the understandability of business processes as well. 

Results from the experiment show that people who have created many big models (who thus are 

assumed to have more experience in creating models) answer the questions in the questionnaire more 

correct, thus seem to understand the process models better. If we look at the amount of models created 

separately, it appears as if this aspect is not of too much influence and the same can be said when 

looking at the average size of models separately. One can however see (in Appendix G, sections 

“Amount of models created” and “Size of models” on page 129) that the ordering in both cases is slightly 

in the advantage of the more-experienced modelers. 

 

Overall, the above aspects show that experience is of influence on the understandability and the 

experiment undertaken in this research supports hypothesis H2. 

5.3.4 EDUCATIONAL BACKGROUND 

The interviews and literature study indicate that the educational background of a person does not 

influence the understandability in a significant manner. In order to test this hypothesis, the respondents 

were asked what study they finished before starting to work within Pallas Athena. 

 

Comparing the results of the respondents who finished a study at university level with the remaining 

respondents shows that the study seems to have a slight influence on the understandability of process 

models. While the Kruskal-Wallis test does not indicate a significant statistical difference, the Mood’s 

Median test indicates that the medians of the two differ significantly. When looking at the Box-and-

Wisker plot (in Appendix G, section “Study” on page 120) it shows that the median for the respondents 

who finished a WO study is higher than the respondents who did not finish a WO study. This is an 

indication that the educational background has some influence on the understandability, though the 

result of the Kruskal-Wallis test shows that the influence is not significant. Therefore, hypothesis H3 is 

somewhat supported by the experiment as it seems to be of some, but little influence to the 

understandability. 

 

A possible explanation of this difference in medians could be that the respondents with a WO study 

have had more information, background and exercises regarding process modeling during their study. 

Furthermore, a WO study is a higher-level education and this might have some influence as well. 

Another possible reason is that WO studies are more aimed towards theory compared to the other 
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studies. Therefore, respondents who finished a WO study might have had more theoretical background 

on process models and process modeling compared to the non-WO respondents who might have had 

more practical exercises instead. This last reason could support the results of previous research by 

(Mendling, et al., 2007B) who indicate that the amount of theoretical background on process modeling 

students have influences their understanding of process models in general. 

5.3.5 JOB TYPE 

As the respondents were also asked which job they have within the company, it is possible to analyze 

this information and see whether it influences the understandability of process models. Looking at 

consultants and non-consultants, the analysis shows that there is no significant difference in their 

questionnaire results. This is in contradiction with the hypothesis H4, which expected consultants to 

have a higher understanding of process models. 

 

A possible explanation for this is that most of the non-consultants who filled in the questionnaire have 

worked in a consultancy-type of job beforehand. Therefore they do have quite some process modeling 

and process model knowledge and experience, although it is not too recent. 

 

Another aspect that does not influence the understandability of process models based on the detailed 

analysis done in Appendix G is whether the respondents are technical or business consultants. Analysis 

in Appendix G, section “Technical and business consultants” shows that there is no significant difference 

in the results between both groups.  

5.3.6 PERCEIVED UNDERSTANDING 

The analysis in Appendix G shows that there is little correlation between the perceived understanding 

and the percentage of correctly answered questions. This shows that people are unable to estimate 

their understanding of process models very well, supporting hypothesis H5, and earlier research done by 

(Mendling, et al., 2007B). 

 

A reason that might be the cause of this is that the perceived understanding is tested before the 

respondents read and answered the questions. In case the perceived understanding of the model was 

asked afterwards the respondents might have estimated their understanding better. This is also 

somewhat confirmed by a remark made by one of the respondents. The respondent mentioned in the 

questionnaire that he would have estimated his understanding lower the more questions he answered. 

This was researched in an earlier experiment by (Mendling, et al., 2007B), who show that the 

respondents are also incapable of estimating their understanding correctly after filling in questions 

about the models. 

 

The averages of the perceived understanding are shown in Table 22 below. When a respondent filled in 

that he fully understood the model it is interpreted as a 5 and when he filled in he did not understand 

the model at all it is interpreted as a 1. From this table it is obvious that the respondents rate their 

understanding of the hierarchical models higher than the understanding of the flattened model. 
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Table 22: Average perceived understanding 

 Flattened Hierarchical 

Model A 3,31 4,00 

Model B 2,42 3,38 

 

Furthermore, the perceived understanding for model B is lower than for model A. Combining this with 

the result from the model comparison done in section 4.2.2, which showed model B to be more 

complex, there seems to be a relation between the perceived understanding and the complexity of the 

model. Especially the size metrics for the number of arcs and number of subprocesses are higher for 

model B. Furthermore, it seems that the modularity of the model is less well structured, based on the 

FAN-IN, FAN-OUT and FAN-INOUT metrics, which can also be a reason for the difference between the 

perceived understanding of the hierarchical versions of both models. 

5.3.7 TIME PER QUESTION 

The time analysis executed in Appendix G analyses whether the respondents take an equal amount of 

time per filled in question. Based on the results of the global analysis and the analyses per model one 

can conclude that there is no significant difference in the average amount of time the respondents take 

per filled in question, whichever version of the model they have. This supports hypothesis H6 which 

claimed that it takes an equal amount of time to fill in a question on a flattened compared to a 

hierarchical model. 

 

A reason for this result might be that the respondents were asked to try to take at most 25 minutes per 

model. Only four took far longer to finish the questionnaire and only four who did take 25 minutes per 

model did not finish all questions. Therefore, most of the respondents finished all 24 questions about 

the models in close to 50 minutes. 

 

It is interesting, though definitely not significant, that for both models the group who had the 

hierarchical version of the model takes slightly less time to answer a question. Even though the 

hierarchical version requires browsing to find questions, the fact that it is more ordered is of slightly 

more influence. 

5.3.8 PRIOR KNOWLEDGE 

The experiment executed in this research shows that there is no difference between the respondents 

who had prior domain knowledge and respondents who did not. Thus, hypothesis H7 is not supported 

by the experiment. This also contradicts what field experts said in their interviews as they saw it as 

having quite some influence on the understandability of process models. 

 

This may be caused because the questions might not go in enough depth for the domain knowledge to 

really be of major influence. Another aspect that might be the cause for this result is that only 7 people 

know one of the two process models, thus not many results are returned for people with prior domain 

knowledge. 



Understandability and Complexity of Process Models Page 54 of 151 
 

5.3.9 REMARKS 

Throughout the questionnaire the respondents were asked to give reasons for their perceived 

understanding and had the ability to add any other information they thought to be useful. The two main 

reasons given for their perceived understanding are the respondents experience in the field and having 

prior knowledge about the domain of the model or the model itself. The experience aiding towards the 

understandability is directly supported by results from the experiment as section 5.3.3 shows, while the 

prior knowledge is not supported according to section 5.3.8. 

 

A remark that comes back quite often – a total of eleven times – for both models is that various 

technical terms and abbreviations are not clear without having prior knowledge of the domain or model 

in question. The same is said about all the detailed information about the process. According to the 

respondents it is impossible to understand all about the process model without talking to the people 

involved in the process. Interestingly, the students who took the questionnaire in the pretest did not 

give remarks about the abbreviations, prior domain knowledge or technical terms. However it is clear 

that in order to fully understand the model one should know all the technical terms and abbreviations. 

 

The exploded models raise quite some questions. For both exploded versions of the models there are 

remarks about the long and crossing arrows. According to the respondents these make it quite difficult 

to understand and follow the process flow. Another remark made about both exploded versions of the 

models is that it has too many activities, arrows and places displayed on a single page which makes it 

confusing and difficult to find names and descriptions of activities, arrows and places. Contrary to the 

above, some respondents also said they do like the overview it gives about the complexity of the 

process and one respondent even said he once exploded a model himself to give the customer a good 

overview of the process in question. For the second model, the main process flow is also rather unclear 

according to some respondents. 

 

For the hierarchical versions of the model there are also a few remarks that come back multiple times. 

First of all five respondents mention that the main process flow is easy to follow for the hierarchical 

versions of the model. On the other hand, there were three respondents who made a remark about the 

pages with subprocesses making it easy to lose the overview and four mentioned that the amount of 

connections from and to the subprocesses in model B makes it hard to keep track of the process flow.  

 

An interesting general remark made by one respondent about their estimated understanding of a model 

was that the respondent said that his estimate became lower the more questions he answered. Thus the 

more questions he answered, the less he thought he understood the model. This backs up the analysis 

of the estimated understanding compared to the actual percentage of correctly answered questions, 

which noted that respondents are not able to estimate their understanding well, especially beforehand. 
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5.4 HYPOTHESES 
Summarizing the above results by hypotheses we see that five hypotheses are supported by the 

experiment, one is somewhat supported and three are not supported. The following table gives an 

overview of the hypotheses and whether or not they are supported. 

 
Table 23: Hypotheses overview 

Hypothesis Content Supported Related null 

hypotheses or 

sections 

Page 

H1 If modularity is used the understandability of 
the model is higher. 

Yes H02.1 
H02.2 
H02.3 
H02.4 
H02.5 
H02.8 
H03.1 
H03.2 
H06.1 
H06.2 
H06.3 
H06.4 
H06.5 
H06.6 
H06.7 

102 
103 
105 
106 
108 
112 
113 
114 
138 
142 
143 
144 
145 
147 
148 

H2 The higher the experience somebody has with 
process models and process modeling, the 
higher their understanding of process models. 

Yes H05.4 
H05.5 
H05.6 
H05.7 
H05.8 

124 
127 
129 
130 
132 

H3 The educational background of a person has 
done is of little to no influence on the 
understandability of process models. 

Somewhat H05.1 120 

H4 A consultant will understand process models 
better and easier than a person who is not a 
consultant. 

No H05.2 
H05.3 

121 
123 

H5 Estimating the understanding of process models 
is difficult and the relation between the 
perceived understanding and the actual 
understanding based on the model questions 
has a vague or no relation. 

Yes Perceived 
understanding 

135 

H6 It takes an equal amount of time to fill in a 
single question on a flattened model compared 
to a hierarchical model. 

Yes H04.1 
H04.2 
H04.3 

116 
117 
118 
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H7 Having prior knowledge about the process or 
the process model increases the 
understandability of the process model. 

No H05.9 133 

H8 Global questions are answered more correctly 
when having a flattened version of a model. 

No H02.6 
H02.7 
H06.2 
H06.3 
H06.4 

109 
110 
142 
143 
144 

H9 Local questions are answered more correct 
when having a hierarchical version of a model. 

Yes H02.6 
H02.7 
H06.5 
H06.6 
H06.7 

109 
110 
145 
147 
148 

5.5 APPROACH AND PROTOS ADDITIONS 
Since modularity is of high influence to the understandability of process models, especially when local 

aspects are involved, one should try to include the use of modularity in every good practice. When 

possible, the model should be divided into a clear structure. Obviously one should not use modularity in 

an excessive manner since it would start decreasing the understandability of the model drastically again.  

 

The remarks made together with the questionnaire already indicate that the use of modularity in model 

B makes the model somewhat difficult to understand for a few respondents.  Some remarks indicate 

that because of the many (20) subprocesses and links between subprocesses one gets easily lost in the 

information provided, though some also indicate that the use of modularity in this model makes the 

structure quite clear. Keep in mind however, that the model was handed to the respondents on paper. 

The line between what is excessive use of modularity and what is not is most likely different for digital 

versions of the process as this would make it easier and quicker to browse through the subprocesses 

and see the structure. Furthermore, one can imagine that the textual descriptions of the subprocesses 

and the cognitive ability of the user viewing the model can influence whether the use of modularity is 

excessive or not as well. 

 

While it was already known that having experienced employees is important, the experiment in this 

research shows experience to be important to the understanding of process models as well. Therefore, a 

good spread of experienced employees over jobs is important, but the spread over jobs and training of 

less experienced people is of importance as well, so they gain experience and knowledge rapidly. 

 

Another aspect that should be kept in mind when creating models is the creation of additional 

documentation. One of the comments that returned mostly throughout interviews and remarks was 

that various abbreviations and domain-specific terms were unclear to anybody who does not have prior 

domain knowledge. Obviously, the models in question used in the questionnaire had more additional 

documentation and descriptions, but these were not added to the questionnaire. If they would have 

been added, it would have increased the duration of the questionnaire immensely and with that would 
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have dropped chances for response. However from these remarks it is clear that  one should have good 

and thorough documentation with every created model to make sure that people involved or people 

required to understand the model have this additional information to increase their understanding of 

the process model in question. 

 

Related to the additional documentation there were also a few remarks about uncertainties and 

confusions about more specific elements in the models. These remarks make it clear that it is desirable 

to have good and unambiguous textual descriptions which further confirmed by the interviews taken 

before the questionnaire and from findings by interviews described in research by (Mendling, et al., 

2007B). While the textual descriptions were not researched in detail in this experiment, some 

indications have been given in an earlier chapter about what good textual descriptions are: they should 

be short, direct, unambiguous, start with a verb, and two elements with the same name in the model 

should also be the exact same activity in the actual business process. Furthermore, (Sharp, et al., 2001) 

give an indication about good textual descriptions, stating that names of processes, subprocesses and 

activities should be named in a standardized form: “verb (optional: qualifier) noun (eventually: how)”, 

for instance “Send application by mail” or “Receive initial review”. 

5.5.1 PROTOS 

Some more Protos specific approaches and remarks will be given in this section, together with examples 

where this could further clarify what is meant.  

 

First, during the creation of the questionnaire a limitation that reoccurred a few times was found in 

Protos. While exploding the models, various places went out of the reachable modeling area for the 

program and could not be retrieved. There seems to be a limit to the size, in blocks or pixels, of the 

model. In case there is the idea that this limitation may ever be a problem for modeling and consultancy 

jobs it seems wise to change this limit higher. 

 

Secondly, as the interviews indicated that the usage of different elements is of influence to the 

understandability and the interviews before the questionnaire showed that some consultants see the 

use of various trigger and activity types as being good practice and increase their understanding of the 

model, it would be interesting for Pallas Athena to further look into this. One could think of having more 

trigger and activity types added to Protos, but a whole other way to approach this might be to add the 

ability to add custom trigger and activity types. The modeler could then simply add his own trigger and 

activity type descriptions and images to Protos and the model being created. 

 

A notion more related to modularity is that, a respondent also noted that having clear links to and from 

subprocesses and clear starts and ends of the subprocess makes the process model easier to 

understand. Therefore one should show the connections between the subprocesses and their higher 

levels explicitly and make clear what tasks start and end the subprocess. Supporting this remark, there 

was also a remark about model A stating that it was sometimes unclear what the connections between 

subprocesses and their higher-level processes were as this was not explicitly shown in the model. 

 



Understandability and Complexity of Process Models
 

An example of the use of explicitly indicated connections to and from subprocesses is shown in 

In this example it is clear that “Activity” is going into the subprocess and any ending of the subprocess 

leads to “Activity 2”. On the subprocess level 

Protos means the ‘start of the subprocess’) 

“Activity 6” ends the subprocess as shown by the block on the bottom

of the subprocess’). While the example 

connections. One of the subprocesses had three places that returned to places on the higher level 

subprocess, though one of these points was very unclear.

 
Table 

The main process level

 

Therefore it might be a good addition to any standard practice to create the links to and from 

subprocess explicitly, for instance in the above way. At the very least, every good standard practice 

should contain a standardized way to indicate points of entry and exit from a subprocess, together with 

the places or activities they link to on the higher level

are connected to each other. Pallas Athena could also look into adding or changing this in their standard 

practice. 

 

As some respondents said that the flattened model gives a nice overall overview of the model it might 

be a good addition to Protos to 

subprocess in Protos, it includes all of the content of that subprocess into the higher process. Sometimes 

this means that the layout of the model is no longer readab

seemed there was no ‘Undo’ function for the explode function, which sometimes took quite some time 

restoring any visual problem created by the explosion. This 

addition in case exploding of models becomes a practice used more often 
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An example of the use of explicitly indicated connections to and from subprocesses is shown in 

is example it is clear that “Activity” is going into the subprocess and any ending of the subprocess 

leads to “Activity 2”. On the subprocess level it is also clear by the block on top of the activity 

Protos means the ‘start of the subprocess’) that “Activity 3” starts the subprocess. Furthermore, 

“Activity 6” ends the subprocess as shown by the block on the bottom (which in Protos means the ‘end

While the example given is a very basic example, model A

connections. One of the subprocesses had three places that returned to places on the higher level 

subprocess, though one of these points was very unclear. 

ble 24: Explicitly indicated links to and from a subprocess 

The main process level The subprocess

 

Therefore it might be a good addition to any standard practice to create the links to and from 

instance in the above way. At the very least, every good standard practice 

should contain a standardized way to indicate points of entry and exit from a subprocess, together with 

the places or activities they link to on the higher level, which makes it clear which activities and places 

Pallas Athena could also look into adding or changing this in their standard 

As some respondents said that the flattened model gives a nice overall overview of the model it might 

Protos to contain more functions to support this. When exploding a single 

subprocess in Protos, it includes all of the content of that subprocess into the higher process. Sometimes 

this means that the layout of the model is no longer readable. During the exploding of the model

seemed there was no ‘Undo’ function for the explode function, which sometimes took quite some time 

restoring any visual problem created by the explosion. This ‘Undo’ function 

loding of models becomes a practice used more often 
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An example of the use of explicitly indicated connections to and from subprocesses is shown in Table 24. 

is example it is clear that “Activity” is going into the subprocess and any ending of the subprocess 

clear by the block on top of the activity (which in 

that “Activity 3” starts the subprocess. Furthermore, 

(which in Protos means the ‘end 

is a very basic example, model A had some confusing 

connections. One of the subprocesses had three places that returned to places on the higher level 

The subprocess 

 

Therefore it might be a good addition to any standard practice to create the links to and from 

instance in the above way. At the very least, every good standard practice 

should contain a standardized way to indicate points of entry and exit from a subprocess, together with 

ar which activities and places 

Pallas Athena could also look into adding or changing this in their standard 

As some respondents said that the flattened model gives a nice overall overview of the model it might 

more functions to support this. When exploding a single 

subprocess in Protos, it includes all of the content of that subprocess into the higher process. Sometimes 

uring the exploding of the models it 

seemed there was no ‘Undo’ function for the explode function, which sometimes took quite some time 

‘Undo’ function would be a welcome 

loding of models becomes a practice used more often in jobs for customers. 
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However, because of the complexity of the data required to be saved for this ‘Undo’ function (think of 

coordinates of all the elements in the subprocess, connections with other elem

be difficult to change. 

 

A more specific addition regarding the subprocess explosion could be to include a + sign on 

subprocesses. When this + sign is pressed or the mouse is moved over it, the subprocesses is expanded 

in a colored field and the + sign transformed into a 

subprocess would be hidden again. This would not require exploding or going to the subprocess in 

question to view its content. The benefit of this addition to the mode

important subprocesses shown one level higher when needed, without having to alter the model or 

browse through various subprocesses.

 
Table 

Firstly, the subprocesses would contain a 
+ sign: 
 
 

 

Another aspect that could be valuable in the future is the direct inclusion of various metrics into Protos, 

perhaps in report form. For instance, inclusion of size metrics 

and activities per subprocess – and the FAN

whether the model is well constructed, modularity

relation between metrics and the understandability of process models, previous research in this area 
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However, because of the complexity of the data required to be saved for this ‘Undo’ function (think of 

coordinates of all the elements in the subprocess, connections with other elem

A more specific addition regarding the subprocess explosion could be to include a + sign on 

subprocesses. When this + sign is pressed or the mouse is moved over it, the subprocesses is expanded 

field and the + sign transformed into a – sign. When this – sign is pressed the content 

subprocess would be hidden again. This would not require exploding or going to the subprocess in 

question to view its content. The benefit of this addition to the modeler would be to have content of 

important subprocesses shown one level higher when needed, without having to alter the model or 

browse through various subprocesses. A graphical representation to further clarify the idea would be:

Table 25: Protos idea to show subprocesses one level higher 

Firstly, the subprocesses would contain a 

 

Once this + sign is pressed, the + sign transforms into a 
sign and the subprocesses is shown in the higher level 
process: 
 

Another aspect that could be valuable in the future is the direct inclusion of various metrics into Protos, 

perhaps in report form. For instance, inclusion of size metrics – especially the number of subprocesses 

and the FAN-IN, FAN-OUT and FAN-INOUT metrics could already indicate 

whether the model is well constructed, modularity-wise. While this research does not focus on the 

relation between metrics and the understandability of process models, previous research in this area 
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However, because of the complexity of the data required to be saved for this ‘Undo’ function (think of 

coordinates of all the elements in the subprocess, connections with other elements etcetera), this may 

A more specific addition regarding the subprocess explosion could be to include a + sign on 

subprocesses. When this + sign is pressed or the mouse is moved over it, the subprocesses is expanded 

sign is pressed the content 

subprocess would be hidden again. This would not require exploding or going to the subprocess in 

ler would be to have content of 

important subprocesses shown one level higher when needed, without having to alter the model or 

A graphical representation to further clarify the idea would be: 

Once this + sign is pressed, the + sign transforms into a – 
sign and the subprocesses is shown in the higher level 

 

Another aspect that could be valuable in the future is the direct inclusion of various metrics into Protos, 

especially the number of subprocesses 

INOUT metrics could already indicate 

wise. While this research does not focus on the 

relation between metrics and the understandability of process models, previous research in this area 
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has been conducted. This research does indicate that there is some relation between the values of the 

metrics and the understandability of the process. Inclusion of various metrics could therefore indicate 

beforehand whether the model will be easily understood or not. 

5.6 CONCLUSIONS 

One of the main reasons given by the respondents to indicate why they estimate their understanding of 

a model at a certain level is the lack of domain knowledge of the model. The second reason for their 

perceived understanding rating that comes back often is their experience with process modeling. For 

both models, the respondents mention that it is difficult to understand the models, especially the 

flattened ones, because of long and crossing arcs. This last remark indicates size as being of high 

importance to the understandability of process models, which was also confirmed by (Mendling, et al., 

2007B) in earlier research. In their research done at three universities around the world they conclude 

that size is most likely the primary factor that influences the understandability of process models. 

 

The experiment through the questionnaire shows that the respondents think model B is more difficult to 

understand than model A, although the questions regarding model B are made slightly but not 

significantly better. This is most likely caused because model B has a lot of questions that can be solved 

at a local level and it shows that the group having this model in hierarchical form scores far better than 

any other model or group. For model A, the group which has this model in hierarchical form scores 

better than the group receiving this model in flattened form as well. Therefore, we can conclude that 

the use of modularity increases the understandability of the model, especially of local aspects of the 

model. 

 

The analysis also shows that respondents who have many years of experience in the field or who 

created many big models score significantly better on the experiment, which indicates that experience 

in the field is of high influence to the understandability of process models. Interestingly, the field experts 

interviewed to find a more appropriate list of factors influencing the understandability of process 

models did not see experience in the field as being of high influence. A reason for experience being of 

influence is given by (Gemino, et al., 2003) who state that “users of model techniques construct 

understanding from models using prior experience”. Furthermore backing up the findings from this 

research regarding experience having influence on the understandability comes from the research done 

by (Mendling, et al., 2007B), showing that students with more experience, especially theoretical 

knowledge, with process modeling have a higher understanding of process models. 

 

The experiment conducted throughout this research does not support prior domain knowledge of being 

too influential, contrary to the results from the interviews and remarks made by respondents 

throughout the questionnaire. The depth of the questions asked and the limited number of results of 

people who have prior knowledge of the process model could be the cause of this result. Furthermore 

the experiments show that the type of job done within the company was not of influence to the 

understandability of process models. The fact that the non-consultants worked as consultants previously 
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could explain the lack of influence in that analysis and since technical and the fact that business 

consultants both work with Protos models could explain the results for that analysis as well. 

 

(Mendling, et al., 2007B) already mention that people find it difficult to rate their understanding of a 

process model and the experiment conducted in this research further confirms this as there is a 

relatively low correlation between the perceived understanding and the percentage of correctly 

answered questions. 

 

The experiment does have some limitations. The limited number of respondents and models were 

already mentioned beforehand, which seem to be the main limitations. With a larger set of models and 

more respondents, the influence of various factors could be researched in more detail. But since the 

questionnaire already took close to, and for some respondents even over one hour, increasing the 

number of models would also cause the duration of the questionnaire to become excessively large. This 

may cause respondents to become increasingly tired towards the end of the questionnaire, which again 

influences the results. 

 

Besides the number of respondents and models, the models were given on paper. This is a choice made 

beforehand and therefore also an aspect of the experiment, though one can see it as a limitation as 

well. Digital versions of the models might make it easier to click through the various subprocesses. This 

in return could further increase the impact of the hierarchical model on the understandability and most 

likely make the use of modularity of an even more significant influence. 
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6 CONCLUSIONS 

With the research in this thesis we analyzed several factors that influence the understandability of 

process models through a questionnaire filled in by various field experts from Pallas Athena. In the 

fourth chapter, understandability of business process models is defined as: 

“The ability for the viewer to understand aspects of the model correctly.” 

 

The fourth chapter also contains the problem definitions and with that various research goals to 

overcome these problems in this research. After the fourth chapter background information about 

various related aspects and terms was given, which is needed to better understand the aspects related 

to the understandability of business process models. 

 

The first problem definition deals with the fact that there are many factors influencing the 

understandability of process models, though there does not seem to be an overview of these factors. 

From this problem definition, the first research goal was derived, stating:  

RG1: Give an overview of factors that influence the understandability of process models.  

 

In chapter 3, an overview of the factors is given. Various existing literature already contains many 

factors, which are listed first in this chapter. With most of these factors, ways to measure them are 

given as well. After the factors found from literature are listed and grouped, field experts from Pallas 

Athena were interviewed to see their point of view on the factors influencing the understandability of 

process models. This resulted in some more factors not found in literature, like different types of 

triggers and activities, as well as the dependencies of the model on other models. 

 

The second problem definition indicated that there are many factors influencing the understandability 

of process models, although it is rather unclear what their influence is in practice. This resulted in 

research goal two, stating: 

RG2: Research and measure the amount of influence that a set of important, measurable and 

adaptable factors has on the understandability of process models. 

 

For this research goal an experiment has been setup which tests the influence of various important 

factors on the understandability of process models. The choice of factors is based around the influence 

the factors have according to the interviews with field experts, their measurability and adaptability. This 

is researched in depth in chapter 4. As modularity was seen as being highly influential on the 

understandability of process models this factor has been chosen as the main factor to research. 

Whether and how significant the influence of various factors is on the understandability of process 

models is researched through a questionnaire to be filled in by field experts. The questionnaire is 

described in detail in chapter 4 as well. First, it asks background information from the respondent to 

indicate their job type, experience in the field and so forth. Then, it contains questions about two 

different models from real life and finally it contains some finalizing questions. Each group of 
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respondents received one model in hierarchical, original form, and the other model in flattened form. 

This way, the influence of modularity on the understandability was tested. 

 

The main result from the experiment is that modularity is of significant influence to the 

understandability of process models. Firstly, the respondents’ perceived understanding of the 

hierarchical model is higher than the perceived understanding of the flattened model. Secondly, the 

analysis of the answers given to questions about the models shows that questions regarding hierarchical 

versions of models are made better compared to flattened models. This is especially clear in questions 

to which answers can be found on a local, subprocess level. Contrary to these local questions, questions 

to which answers have to be found on a global level are not answered better for the flattened model. 

 

Another important and significant result from the experiment is that experience in the field is of 

significant influence to the understandability of process models, contrary to what the field experts 

indicated in the interviews from chapter 3. The higher the number of years the respondents worked in 

the field or within the company and the bigger amount of models created combined with the average 

number of activities in these models seems to increase the understandability of process models 

significantly. 

 

A third problem definition was created, indicating that there should be approaches to process modeling 

that increase the understandability of the created models. This resulted in the third research goal, 

stating: 

RG3: Indicate what modeling style can increase the understandability of the created models. 

 

After the results from the experiment were analyzed in chapter 5, several indications about approaches 

to increase understandability of the process model were given. The first indication was that modularity 

should be used where possible, though not excessively. While “not excessively” is a rather unspecific 

definition, remarks by respondents show that model B was already somewhat difficult to understand 

because of the use of modularity. 

 

Besides the use of modularity, the experience of the employees should be used to the fullest, though 

one should also give the less experienced employees the ability to gain more experience. Therefore a 

company should think thoroughly about how to spread the experienced and less experienced employees 

over various jobs. Furthermore, additional documentation and explanations are important, based on the 

remarks given by the respondents throughout the questionnaire. Another indication about how to 

increase understandability of process models is the use of clear and unambiguous textual descriptions. 

Together with the additional documentation, the field experts see these as being highly influential, both 

in the interviews before the experience and in remarks given with the questionnaire. 

 

Besides approaches to modeling, this research also brings various ideas for future additions and changes 

to Protos. Many of these additions and changes follow directly from the outcome of the experiment and 

remarks made by respondents or people being interviewed. The ideas for future additions are mainly 
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aimed towards increased support for modularity by new options and expanding current options. 

Another idea for future addition is support for more or custom-made trigger and activity types. 

 

Future work regarding the understandability of process models could contain further research on the 

influence of factors. The experiment conducted in this research investigates some factors, though 

various factors are not researched to the full potential. For instance, the influence of the modeling tool 

and knowledge of the tool is not researched as the questionnaire contained models created in Protos 

and all respondents were familiar with this tool. Other aspects that seem interesting to research in more 

detail are the influence of textual descriptions and prior domain knowledge since the interviews 

beforehand showed these two aspects as being highly influential. 

 

Furthermore, the experiment contains a limited number of respondents and holding an experiment with 

more respondents, perhaps also from multiple companies, could give further insight into the influence 

of various factors on the influence of process models. The experiment conducted throughout this 

research has models handed out on paper. Another interesting aspect to research in greater detail 

would be how much the difference between the paper and digital version of the model influences the 

understandability of process models. 

 

Yet another possible direction for future work is to research more dynamic factors to improve the 

understandability of process models. As (Krogstie, et al., 2006) mention, there are various ways to 

increase the pragmatic quality and with that the comprehension and understanding of the viewer of a 

model. They suggest amongst others model animation, model simulation, model abstraction from 

viewpoints and model translation. An interesting follow-up of this research would be to see how well 

these factors could increase the understandability of process models. 
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APPENDIX A: PETRI NETS 

BASIC PETRI NETS 

Petri nets is a modeling language which can be applied in many business cases. There are various tools 

to model a Petri net in, amongst which Protos. The basis of a Petri Net model is a directed graph, with 

two kinds of nodes, called places and transitions and directed arcs connecting the places and transitions. 

A place is a condition or state in which the process is, and a transition is an activity which can be carried 

out. The arcs can only connect a transition to a place, or a place to a transition and no two places or two 

transitions can be connected with an arc. 

 

A place can contain zero or more tokens, usually drawn as dots, and when a token is present in a place it 

means that the condition of the place holds. Another interpretation of a token can be that one or, when 

multiple tokens are present in a place, multiple resources are available. The initial marking for a Petri 

net is indicated as M0 and M(p) is the number of tokens in place p (Murata, 1989). 

 

Each transition or activity has input places (places from which arcs come to the transition) and output 

places (places to which arcs from the transition go). The input places are a precondition needed to 

enable the transition to be executed, also called ‘fire’ in Petri net terms. The precondition for a 

transition is met if all input places have at least as many tokens as the weight of the arc. If this is the 

case, one says that the transition is ‘enabled’. 

 

Once a transition is enabled, it can fire. If a transition fires, it consumes one token for every input arc, 

and produces a token for every output arc which ends up in the output places. As Petri nets are non-

deterministic, it is non-deterministic which transition will fire in case there are multiple transitions 

enabled. 

 

According to (Murata, 1989), a Petri net is a 5-tuple: �� �  ��, �, �, �, ���, where: 

� � ���, ��, � , … , �"�, the finite set of places 

� � �#�, #�, # , … , #"�, the finite set of transitions 

� $  %� & �' ( %� & �', the set of arcs (flow relation) 

�: � *  �0, 1, 2, 3, 4, 5, … �, the weight function 

��: � * �0, 1, 2, 3, … �, the initial marking 

� 1 � � 2 	�3 � ( � 4  2 

 

Below is an image of a basic Petri net, created in the modeling tool Yasper2 of a very simple process. The 

tokens start in the leftmost place, called ‘start’. The only transition that is enabled in the image below is 

the transition ‘Check in’. Once ‘Check in’ fires, it will consume a token from the place ‘Start’ and delivers 

it in the place ‘Determine status’. 

                                                           
2
 http://www.yasper.org/ 
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Since Petri nets have a formal definition, there are many properties and analysis tools which can aid the 

modeler in their understanding of the model and process, verify whether the model is syntactically 

correct and run simulations of the model.

EXTENDED PETRI NETS 

The above section shortly described basic Petri nets, which can be used to model business processes. 

There are also so-called extended Petri nets. These extended Petri nets add various extra elements to 

the basic Petri nets, like timing, data, roles, subprocesses, inhi

These extensions help to create more realistic and detailed models of processes.

 

With timing, it is possible to add a timestamp to a token and by adding delays, durations or timestamps 

to transitions one can delay execution of transitions in certain cases. With data, also often called colored 

Petri nets, tokens can have values or data sets associated to them. Transitions can change the data 

within the token when it fires the token. When the advanced Petri net supports 

defined and assigned to activities. Subprocesses can decrease the complexity of the process model by 

making the model modular. Inhibitor arcs adapt the basic Petri nets by requiring a place to be empty in 

order for the transition to fire, thus the source place has to be empty in order to allow the target 

transition to fire. Reset arcs will reset places (or large parts of the net) when a transition fires, meaning 

that all tokens within those places will be consumed.

 

While these extensions help to create more realistic and detailed models of processes, it also increases 

its complexity. Furthermore, the use of these extensions decreases the ability of many tools to analyze 

the Petri net. 
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Figure 1: Basic Petri net created in Yasper 
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APPENDIX B: QUESTIONS INTERVIEW FACTORS 
This is the structure of the interviews undertaken throughout the first part of the research where an 

overview of the factors that influence the understandability of process models are outlined. Roughly the 

first part was a short introduction with questions about their process modeling experience, and the 

second part was about what they thought was influential on the understandability of process models. 

Finally a set of factors was given where the interviewed field expert could indicate which factors he or 

she saw as having a negative or positive influence. 

 

Interview outline: 

� Background information 

� What is your area of work at Consilience? 

� How long have you worked at Consilience? 

� How long have you worked in the field of business process modeling? 

� Own expertise 

� How would you say you approach the creation of a business process model? 

� What aspects of your approach do you see as being “good practice”, and what aspects 

could use improvement? 

� What aspects of process modeling do you see as decreasing the understandability of 

process models, and what aspects increase the understandability of process models? 

� Factors 

� What would you say about the influence of the following factors on the 

understandability of process models? 

� Size of the model 

� Amounts of splits & joins in the model 

� Amount of arcs in the model 

� Usage of more advanced elements. Consider triggers, data, roles, timing 

� Conditions on arcs 

� Amount of crossing arcs in the model 

� Naming of elements within the model 

� Space between elements / the amount of elements on a single page 

� Usage and amount of subprocesses 

� Knowledge of the background (domain) of the process model 

� Personal knowledge and experience of process modeling 

� What would be a good approach to process modeling, considering the factors seen above? 

� Are there any other questions and/or remarks that you would like to mention right now? 
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APPENDIX C: FACTORS WITH THEIR INFLUENCE, MEASURABILITY 

AND ADAPTABILITY 

 
Table 26: Factors and their influence, measurability and adaptability 

Factor Field experts Measurability Adaptability Sum 

(Values) 

Size + ++ -- 10 

Modularity ++ ++ + 14 

Control flow +/- +/- - 8 

Usage of different elements ++ + +/- 12 

Textual descriptions ++ +/- ++ 13 

State space - + -- 7 

Average/Maximum Token count - + -- 7 

Modelers experience +/- +/- -- 7 

Domain knowledge ++ -- + 10 

 

Legend: 

 Value Field experts Measurability / Adaptability 

++ 5 Very influential Very good 

+ 4 Quite influential Good 

+- 3 Somewhat influential Somewhat 

- 2 Not really influential Badly 

-- 1 Totally not influential Very badly 

 

Indicated values are a ways to measure the overall sum of the factors. The sum of how the field experts 

rate the influence of the factor, the measurability and the adaptability is the grey table (sum), using the 

values according the legend. 
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APPENDIX D: QUESTIONNAIRE 

This section contains the complete questionnaire as sent to the respondents within the company, 

without the title page that did not contain any relevant information except the title of the research. The 

questionnaire and reasoning behind it is explained in chapter 4. 

 

1  Introductie 

1.1 Project 

Deze vragenlijst is onderdeel van mijn afstudeerproject aan de technische universiteit Eindhoven (TU/e), 

waarin ik onderzoek doe naar de begrijpelijkheid en complexiteit van procesmodellen. Het is de 

bedoeling dat uiteindelijk een set modeleerregels opgesteld worden die, indien gevolgd, de 

begrijpelijkheid van procesmodellen verbetert. 

 

1.2 Vragenlijst / Experimenten 

Een onderdeel van mijn project/onderzoek is het onderzoeken van de mate waarin een aantal factoren 

de begrijpelijkheid van procesmodellen beïnvloeden. Om meer inzicht te krijgen in hoe verschillende 

factoren (zoals het gebruik van subprocessen, het gebruik van een goede en duidelijke naamgeving van 

elementen binnen een model, e.d.) de begrijpelijkheid beïnvloeden is deze vragenlijst opgesteld. Uit een 

analyze van de antwoorden ontstaat hopelijk een breder en beter beeld over de invloed van deze 

factoren. 

 

Op de volgende bladzijden staan een aantal vragen, beginnend met wat achtergrondinformatie. Daarna 

komen er een aantal modellen uit de praktijk naar voren, en worden hierover vragen gesteld om te 

kijken in hoeverre aspecten van deze modellen begrepen worden. 

 

Iedereen die de vragenlijst afneemt krijgt twee modellen waarvan één met sub processen en één 

zonder. De groep van personen die de vragenlijst invullen wordt willekeurig verdeeld in twee groepen. 

De eerste groep krijgt model A met sub processen en model B als één groot model. De tweede groep 

model A als één groot model en model B met sub processen. Dit kan als volgt in een tabel worden 

weergegeven. 

 

 Groep 1 Groep 2 

Model A Met sub processen Één groot model 

Model B Één groot model Met sub processen 
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Op deze manier is het goed mogelijk om te analyzeren welke aspecten van beide modellen het beste 

begrepen worden bij welke versie van het model. De nadruk ligt hierbij op wat voor invloed het gebruik 

van sub processen heeft op (welke delen van) de begrijpelijkheid van proces modellen. 

 

Op de volgende bladzijde wordt als eerste gevraagd uw naam in te vullen. Dit wordt alleen gebruikt in 

geval van problemen, feedback en om bij te houden wie de vragenlijst al ingevuld heeft. De verwerking 

en rapportage van de uitkomst van de ingevulde vragenlijsten zal niet op individueel niveau gaan. 
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2  Achtergrond 

2.1 Introductie 

1. Naam:  

  

 

2. Hoeveel jaar bent u in dienst bij Consilience / Pallas?  

  

 

3. Wat is het voornaamste werk dat u doet bij Consilience / Pallas?  

O Management 
O Ontwikkeling 
O ICT 
O Sales 
O Marketing 
O Technisch Consultant 
O Bedrijfs consultant 
O Administratie 
O Anders, namelijk … 

 

  

 

4. Hoeveel jaren heeft u gewerkt in het vakgebied van procesmodelleren en 

procesmodellen? 

 

 

5. Welke opleiding heeft u afgerond (bedrijfskunde etc.) en wat was het niveau van deze 

opleiding (universitaire/HBO etc.)? 

 

 

 

6. Wat zou een goede schatting zijn van het aantal procesmodellen dat u heeft gemaakt of 

waaraan u heeft bijgedragen? 

O 0 t/m 10 
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O 10 t/m 25 
O 26 t/m 50 
O 50 t/m 75 
O 75 t/m 100 
O 100 t/m 150 
O 150 of meer 

 

7. Wat is een schatting van de gemiddelde grootte van de procesmodellen die u heeft 

gemaakt (aantal activiteiten)? 

O 0 t/m 10 
O 10 t/m 25 
O 26 t/m 50 
O 50 t/m 75 
O 75 t/m 100 
O 100 t/m 150 
O 150 of groter 

 

8. In welke procesmodeleer tools heeft u modellen gemaakt (Protos, FLOWer e.d.) en welke 

gebruikt u op het moment het meest? 

 

 

 

 

 

9. Is er nog andere informatie over uw ervaring met procesmodeleren en procesmodellen 

die u relevant acht? Zo ja, kunt u dit hieronder opschrijven. 
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3  Modelleer aanpak 

10. Welk van de volgende twee ontwerpgewoontes komt het dichtst bij uw aanpak van het 

modeleren van een proces model? Check/kleur de radio button onder de aanpak die het dichtst 

erbij zit. 

A:    De hoofd/meest voorkomende stroom 
van het proces gaat van links naar rechts. 
Eventuele alternatieven worden naar boven 
of beneden vertakt. 

B:  De hoofd/meest voorkomende stroom 
van het proces gaat van boven naar 
beneden. Eventuele alternatieven worden 
naar links of rechts vertakt. 

C: Geen voorkeur 

 

 

O O O 

 

11. Wanneer u een procesmodel maakt, begint u dan bij het maken van de hoofdlijnen van 

het proces (de hoofdstappen) en gaat u deze dan in meer detail invullen of begint u gelijk 

op het niveau van de echte processtappen? 

O Hoofdlijnen eerst, deze daarna in meer detail invullen. 
O Beginnen op het niveau van de processtappen. 
O Ik doe het op een nog andere manier, namelijk…… 

 

 

 

C 

B 

A 

D 

E

F

A 

F

B C

E 

D
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12. Gebruikt u bij het modelleren nog bepaalde standaarden of regels? Deze kunnen ook 

informele  regels zijn, die door ervaring zijn ontstaan. Hieronder komt eerst een lijst met 

een aantal voorbeelden, daarna kunt u zelf nog andere standaarden of regels opschrijven 

die niet in de lijst voorkomen maar u wel gebruikt. Er zijn meerdere keuzes mogelijk. 

O        Een maximaal aantal activiteiten per subproces 
O        Zoveel mogelijk gebruiken van rechte lijnen 
O        Gebruik van directe lijnen (geen 90 graden hoeken om zoveel mogelijk lijnen recht te houden) 
O        Gebruik van een naamconventie 
O        Triggers altijd op plaatsen 
O        Triggers altijd op activiteiten 
O        Triggers altijd vanaf dezelfde kant op plaatsen of activiteiten 
O        Beginnen met een activiteit 
O        Beginnen met een plaats 
O        Eindigen met een activiteit 
O        Eindigen met een plaats 
O        Subprocessen beginnen met een plaats 
O        Subprocessen beginnen met een activiteit 
O        Subprocessen eindigen met een plaats 
O        Subprocessen eindigen met een activiteit 
O        Vermijden van kruisende pijlen 
 
Zijn er nog andere standaarden of regels die u gebruikt bij het modelleren die hierboven niet stonden? 
Zo ja, welke zijn deze? 
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4  Analyze 

Om een tijdsbeeld te krijgen van hoelang deze analyze duurt, wordt eerst gevraagd om de begintijd te 

noteren alvorens verder te gaan met de analyze. 

13. Start datum en tijd van de analyze:  

 

De analyze bevat een aantal modellen, met daarover een aantal vragen om de begrijpelijkheid te testen. 

 

4.1 Model A: SCOOP 

Achtergrond informatie: 

Dit model is een onderdeel van een system van het CBR (Centraal Bureau Rijvaardigheid). Indien je een 

rijexamen aanvraagt zul je eerst een Eigen Verklaring (EV) moeten invullen, waarop je aangeeft hoe je 

lichamelijke of geestelijke gesteldheid is. Het gehele proces model begint zodra deze EV binnenkomt. 

Het meest voorkomende traject van een case waarin een EV binnenkomt is dat deze ingescanned of 

gelezen wordt, en dat de cliënt weinig problemen heeft en zijn rijbewijs kan afhalen zodra hij of zij 

geslaagd is voor het rijexamen. 

 

Echter komen er soms personen binnen die wat meer problemen hebben. Bijvoorbeeld lichamelijke of 

geestelijke problemen die het rijden negatief kunnen beïnvloeden, en waarvoor bijvoorbeeld een rijtest, 
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of informatie van een arts nodig is voordat de cliënt zijn rijbewijs mag ophalen of verlengen. Zodra dit 

het geval is worden eerst de basis gegevens van deze cliënt ingevoerd en gecontroleerd, en gaat het 

proces verder met het afhandelen van “protocol schil 1”. Dit is de laagste schaal van lichamelijke of 

geestelijke problemen. Er kunnen ook mensen zijn die iets grotere problemen hebben die niet in 

“protocol schil 1” afgehandeld kunnen worden. Hiervoor is het “protocol schil 2/3”. Het proces model A 

is het model dat gaat over het afhandelen van “protocol schil 2/3” van een enkele case. Een case is een 

enkele cliënt of persoon. 

 

Het model staat in de appendices. 

 

Generieke vragen: 

14. Bent u betrokken geweest bij het maken van het model, heeft u met het model gewerkt of 

heeft u kennis van het bedrijfsproces? 

O     Nee 
O   Ja, ik ben op de volgende manier betrokken (geweest) bij het model of heb kennis van het 
bedrijfsproces omdat…… 

 

 

 

 

 

 

 

15. In hoeverre denkt u dat u het model begrijpt? 

O        Geheel 
O        Bijna geheel 
O        Gedeeltelijk 
O        Voor een klein gedeelte 
O        Niet 

 

16. Waarom hebt u bij de vorige vraag dat antwoord gegeven? 
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17. Hoeveel cycles (loops) bevat model A? Cycles zijn paden in het model die genomen 

kunnen worden vanaf een punt (activiteit of plaats) en in datzelfde punt weer terecht 

komen. Eventuele vertakkingen hierbinnen worden niet gezien als extra cycle, aangezien 

ze uiteindelijk op dezelfde manier terug komen in het beginpunt. Binnen cycles kunnen 

echter wel andere cycles voorkomen. 

 

 

 

18. Stel dat er maar één maal een AA-onderzoek gedaan wordt: kan de cliënt dan nog steeds 
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een rijtest moeten ondergaan indien hij al behandeld is voor een bureau afdoening? 

O        Ja 
O        Nee 
O        Weet niet 

 

19. Stel dat er maar één maal een AA-onderzoek gedaan wordt: kan de cliënt dan nog steeds 

behandeld worden voor een bureau afdoening indien hij al een rijtest afgenomen heeft? 

O        Ja 
O        Nee 
O        Weet niet 

 

20. Wat is het minimum aantal activiteiten dat een case in model A moet doorlopen? 

 

 

 

21. Hoeveel activiteiten kunnen de laatste activiteit zijn (en dus de case afsluiten)? 

 

 

 

22. Wanneer een AA-onderzoek nodig is zijn er een aantal zo genaamde afdoeningen 

mogelijk. Hoeveel mogelijke afdoeningen zijn er en welke zijn deze? 

 

 

 

 

 

 

 

23. Op hoeveel plaatsen binnen het proces kan een besluit genomen worden dat een rijtest 

nodig is? 
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24. Hoeveel wachtmomenten zijn er binnen het proces model? Met een wachtmoment wordt 

bedoeld dat een case wacht op minstens één trigger. 

 

 

 

25. Hoe vaak kan het CBR informatie over de cliënt vragen van een externe partij 

(bijvoorbeeld een arts of specialist)? 

 

 

 

26. Hoeveel activiteiten moeten tenminste uitgevoerd worden voor een case waarvoor wèl 

een besluit genomen wordt? 

 

 

 

27. Indien een cliënt succesvol een rijtest ondergaat, hoeveel activiteiten zijn er dan 

maximaal nodig voor het registreren en afhandelen van de rijtest vanaf het moment dat 

de rijtest beëindigd is? 

 

 

 

28. In het geval dat een cliënt één rijtest nodig heeft, hoe vaak zal een afspraak gemaakt 

worden? 
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4.2 Intermezzo 

Om een idee te krijgen hoe lang de analyze van elk afzonderlijk model duurt, stellen we een notatie van 

de tijd op prijs. 

29. Datum en tijd tussen de twee modellen in: 

 

 

4.3 Model B 

Achtergrond informatie: 

Model B beschrijft een proces waarin een cliënt binnenkomt voor een dienst tot het moment dat de 

cliënt voldoende geholpen is. In het model zijn alle mogelijke handelingen die de cliënt kan ondergaan of 

voor het proces benodigd zijn beschreven. 

 

Het model kan op twee manieren gestart worden, en aan het einde van het traject van de cliënt is de 

dienstverlening afgelopen. 

 

Het model staat in de appendices. 

 

Generieke vragen: 

30. Bent u betrokken geweest bij het maken van het model, heeft u met het model gewerkt of 

heeft u kennis van het bedrijfsproces? 

O     Nee 
O   Ja, ik ben op de volgende manier betrokken (geweest) bij het model of heb kennis van het 
bedrijfsproces omdat…… 
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31. In hoeverre denkt u dat u het model begrijpt? 

O        Geheel 
O        Bijna geheel 
O        Gedeeltelijk 
O        Voor een klein gedeelte 
O        Niet 

 

32. Waarom hebt u bij de vorige vraag dat antwoord gegeven? 
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33. Hoeveel cycles (loops) bevat het proces deel dat gaat over het bepalen van de initiële 

dienstverlening? De processtroom die naar hele andere delen van het proces gaat is niet 

van belang. 

 

 

 

34. Op hoeveel plekken in het proces is het nodig voor de cliënt om een legitimatie bij zich te 

hebben? 

 

 

 

35. Hoeveel activiteiten omvat de afwikkeling van het declareren van de reiskosten? 

 

 

 

36. Vanaf hoeveel plekken in het model is het mogelijk om vervolgens gereed te zijn voor het 

plannen van een afspraak? 

 

 

 

37. Wat is het minimum aantal activiteiten dat een case in model B moet doorlopen? 
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38. Indien een cliënt niet verschijnt op een afspraak, wordt er dan altijd een nieuwe afspraak 

gemaakt? 

O        Ja 
O        Nee 
O        Weet niet 

 

 

39. Indien de nazorg net beëindigd is, is er dan al geëvalueerd? 

O        Ja 
O        Nee 
O        Weet niet 

 

 

40. Op hoeveel plekken in het proces heeft de cliënt de mogelijkheid om reiskosten te 

declareren? 

 

 

 

41. Waar (bij welke activiteit) wordt besloten of er wel of geen nazorg nodig is? 

 

 

 

42. Hoeveel activiteiten omvat het deel van het proces dat dient voor de beeldvorming over 

de cliënt? 

 

 

 

43. Wat is de stap die gedaan wordt nadat de cliënt is ontvangen voor de uitvoering van de 

dienstverlening, indien de cliënt legitimatie bij zich heeft en aanwezig is? 
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44. Hoeveel wachtmomenten zijn er binnen het proces model? Met een wachtmoment wordt 

bedoeld dat een case wacht op een trigger. 
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5  Eind vragen 

45. Eind datum en tijd van het invullen van deze vragenlijst:  

  

 

46. Is er nog iets wat u zou willen toevoegen wat betreft deze vragenlijst, de begrijpelijkheid van 

procesmodellen of iets anders dat hieraan gerelateerd is? Zo ja, kunt u dit hieronder opschrijven. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bedankt voor het invullen van deze vragenlijst! 
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APPENDIX E: MODEL A 
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APPENDIX F: MODEL B 
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APPENDIX G: DETAILED QUESTIONNAIRE RESULTS ANALYSIS 

ALGORITHMS 
All result sets are first fitted using the Shapiro-Wilk test to see whether they are normally distributed or 

not. In case the result sets are normally distributed with 95% confidence, the ANOVA test is used to 

compare these sets. This test uses the F-test P-value as a reference mark. In case one or more result sets 

is not normally distributed the used tests are the Kruskal-Wallis test and the Mood’s Median test. 

VALUES AND CALCULATIONS 
When not indicated otherwise, values are percentages of questions answered correctly. The calculations 

done for the various analyses are executed using Excel, a spreadsheet application. To analyze the result 

sets Statgraphics and MedCalc are used. Both Statgraphics and MedCalc are statistical software 

packages. 

OVERVIEW 

Below is a summarizing table with all null hypotheses used in the detailed questionnaire results analysis 

with their number, their content, whether they are accepted or rejected based on the analysis below 

and the page number where the detailed analysis can be found. 

 
Table 27: Null hypotheses 

Hypothesis Content Result Page 

 

Group comparison 

H01.1 The number of years the respondents have worked within the 
company is distributed equally over both respondent groups. 

accepted 93 

H01.2 

 

The number of years the respondents have worked in the field is 
distributed equally over both respondent groups. 

accepted 94 

H01.3 Whether or not the respondents have a WO diploma is 
distributed equally over both respondent groups. 

accepted 96 

H01.4 Whether or not the respondents are consultants is distributed 
equally over both respondent groups. 

accepted 97 

H01.5 Whether or not the consultants are technical or business 
consultants is distributed equally over both respondent groups. 
 

accepted 98 

H01.6 

 

The number of models created by respondents is divided equally 
over both groups. 

accepted 99 

H01.7 The average size of the models created by respondents is 
divided equally over both groups. 

accepted 100 
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Overall correctness 

H02.1 Both groups make the questionnaire equally well. accepted 101 
H02.2 The questions for each model are made equally well. accepted 103 

H02.3 The questions about model A are made equally well for the 
flattened and hierarchical version of the model. 

accepted 105 

H02.4 The questions about model B are made equally well for the 
flattened and hierarchical version of the model. 

rejected 106 

H02.5 There is no statistical difference between the differences for 
each group. 

accepted 107 

H02.6 There is no difference in correctness for the flattened models. accepted 109 

H02.7 There is no difference in correctness for the hierarchical models. rejected 110 

H02.8 There is no difference in correctly answered questions between 
the flattened and hierarchical models. 

rejected 111 

 

Groups 

H03.1 There is no difference in the percentage of correctly answered 
questions for model A and model B for group 1. 

rejected 113 

H03.2 There is no difference in the percentage of correctly answered 
questions for model A and model B for group 2. 

accepted 114 

 
Time 

H04.1 There is no difference in the duration per filled in question 
overall between both groups. 

accepted 115 

H04.2 There is no difference in the duration per filled in question 
between both groups for model A. 

accepted 117 

H04.3 There is no difference in the duration per filled in question 
between both groups for model B. 

accepted 118 

 
Background 

H05.1 There is no difference in percentage of correctly answered 
questions between respondents who finished a HBO or WO 
study. 

rejected 120 

H05.2 There is no difference in percentage of correctly answered 
questions between respondents who are consultants and who or 
not. 

accepted 121 

H05.3 Whether or not the respondent is a technical or business 
consultant does not influence their understanding of process 
models. 

accepted 122 

H05.4 The number of years of experience in the field of process 
modeling does not influence their understanding of process 
models 

rejected 122 

H05.5 The number of years of experience within the company does not 
influence their understanding of process models. 

rejected 126 

H05.6 The amount of models created does not influence the 
percentage of correctly answered questions. 

accepted 129 

H05.7 The average size of the models created does not influence the 
percentage of correctly answered questions. 

accepted 130 
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H05.8 The average amount of created and the size of the models 
created does not influence the percentage of correctly answered 
questions. 

rejected 131 

H05.9 Knowledge of the process in question beforehand does not 
influence the percentage of correctly answered questions. 

accepted 133 

 
Question-specific 

H06.1 There is no difference in correctness for global and local 
questions overall. 

rejected 138 

H06.2 There is no difference in correctness for global questions made 
over a flattened or hierarchical model. 

accepted 142 

H06.3 There is no difference in correctness for global questions made 
over a flattened or hierarchical version of model A. 

accepted 143 

H06.4 There is no difference in correctness for global questions made 
over a flattened or hierarchical version of model B. 

semi-
accepted 

145 

H06.5 There is no difference in correctness for local questions made 
over a flattened or hierarchical model. 

rejected 145 

H06.6 There is no difference in correctness for local questions made 
over a flattened or hierarchical version of model A. 

accepted 147 

H06.7 There is no difference in correctness for local questions made 
over a flattened or hierarchical version of model B. 

rejected 148 

GROUP COMPARISON 
In order to analyze the results of different respondent groups it is required to analyze whether the 

people are divided equally over the respondent groups based on information gathered during the 

questionnaire. As the questionnaire asks for, amongst others, field experience, study and what type of 

job they do within the company it is good to view whether these aspects are distributed equally. 

YEARS WITHIN THE COMPANY 

The respondents are asked to list the number of years they have been working at the company. The null 

hypothesis of this analysis is the following: 

H01.1: The number of years the respondents have worked within the company is distributed equally 

over both respondent groups. 

When listing the number of years working at the company in a table, it shows the following results: 

 
Table 28: Number of years working within the company 

Years of experience in 

the company 

Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 0 
1,5 
0 
3 

8 
1 
1,75 
3 



Understandability and Complexity of Process Models Page 94 of 151 
 

7 
5 
2 
4 
2 
7 
1 
8 
6 
6 
0,666666667 
6 

1 
0,67 
3,5 
3 
0 
7 
4 
1,333333333 

Fitting P-value 0,154125 0,0847805 

 

Since it cannot be rejected for both result sets that they are normally distributed with 95% confidence, 

the ANOVA test is used to see whether there is a statistically significant difference between them. The 

ANOVA test has a resulting P-value of 0,4110, which indicates that there is not a statistically significant 

difference between both result sets and thus H01.1 is accepted with 95% confidence which means that 

the number of years the respondents worked within the company is equally divided over the 

respondent groups. A Box-and-Whisker plot of the analysis shows the following: 

 

YEARS WITHIN THE FIELD 

As above, the respondents are asked to list the number of years they worked in the field as well. The 

same  

H01.2: The number of years the respondents have worked in the field is distributed equally over both 

respondent groups. 

Box-and-Whisker Plot - Years within the company

Years

Group 1

Group 2

0 2 4 6 8
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 When putting the number of years in the field for each respondent into a table the following is the 

result: 

 
Table 29: Number of years working within the field 

Years of experience in 

the field 

Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 0 
3 
0 
8 
7 
5 
11 
8 
4 
15 
0 
4 
6 
8 
0,666666667 
8 

12 
1 
3 
8 
1 
0,67 
3 
12 
0 
9 
4 
2 

Fitting P-value 0,279789 0,0364172 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,726263 and the Mood’s Median test in a P-

value of 0,228868. Therefore these indicate that it is possible to say with 95% confidence that there is 

not a statistically significant difference between both result sets. Therefore, the hypothesis H01.2 is 

accepted with 95% confidence which means that the number of years the respondents worked within 

the field of business process modeling is equally divided over the respondent groups. A Box-and-

Whisker plot of the analysis shows the following:  
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STUDY 

The respondents are also asked about their study. Seeing as about half of the respondents have a WO 

study and the other half does not, we compare the groups on whether they have a WO study or not to 

see whether this spread differs significantly. The null hypothesis of this analysis is the following: 

H01.3: Whether or not the respondents have a WO diploma is distributed equally over both 

respondent groups. 

If we assign a 1 to everybody with a WO study and a 0 to everybody without, the following table with 

results is shown: 

  
Table 30: WO study or no WO study 

Study Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 1 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
1 
0 

0 
0 
0 
1 
0 
1 
0 
0 
1 
1 
0 
1 

Box-and-Whisker Plot - Years within the field

Years

Group 1

Group 2

0 3 6 9 12 15
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1 
1 
1 

Fitting P-value 0,0000177812 0,00012636 
 

Since for both result sets it can be rejected that they are normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,453254 and the Mood’s Median test in a P-

value of 0,445008. Therefore, it is possible to say with 95% confidence that there is not a statistically 

significant difference between both result sets. Therefore, the hypothesis H01.3 can be accepted with 

95% confidence and thus there is no statistical difference in the study the respondents in each group 

have.  

CONSULTANTS 

Another question asked throughout the questionnaire is what the area of expertise within the company 

the user has. As there are some non-consultants that filled in the questionnaire that might not have the 

same amount of modeling experience over the last few years, it is relevant to test whether the 

consultants and non-consultants are divided equally over both result groups. The null hypothesis for this 

analysis is the following: 

H01.4: Whether or not the respondents are consultants is distributed equally over both respondent 

groups. 

If the consultants are given a 1 and the non-consultants a 0, the following table with 0’s and 1’s is given: 

 
Table 31: Consultants or no consultants 

Consultants Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 0 
1 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Fitting P-value 0,0000048154 1,01412E-7 

 

Since for both result sets it can be rejected that they are normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,150959 and the Mood’s Median test in a P-

value of 1,0. Therefore, it is possible to say with 95% confidence that there is not a statistically 

significant difference between both result sets. Therefore, the hypothesis H01.4 can be accepted with 

95% confidence and thus there is no statistical difference whether the respondents are consultants or 

not in each group.  

TECHNICAL AND BUSINESS CONSULTANTS 

Another aspect to analyze based on the job type the respondents have within the company is whether 

the consultants are business or technical consultants. The respondents who indicated to be a consultant 

are grouped in either technical consultants or business consultants based on what they filled in for job 

type. To test whether the technical and business consultants are spread equally over both respondent 

groups we have the following null hypothesis: 

H01.5: Whether or not the consultants are technical or business consultants is distributed equally over 

both respondent groups. 

Giving technical consultants a 1 and business consultants a 0, we see the following result table: 

 
Table 32: Technical and business consultants 

Technical and business 

consultants 

Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 0 
0 
1 
0 
1 
1 
1 
1 
0 
1 
0 

0 
1 
0 
0 
0 
1 
0 
1 
1 
1 
1 

Fitting P-value 0,00023919 0,00023919 

 

Since for both result sets it can be rejected that they are normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 1.0 and the Mood’s Median test in a P-value of 

1,0. Therefore, it is possible to say with 95% confidence that there is not a statistically significant 

difference between both result sets. Therefore, the hypothesis H01.5 can be accepted with 95% 
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confidence and thus there is no statistical difference in the distribution of technical and business 

consultants over each group.  

 

MODELING EXPERIENCE – AMOUNT OF MODELS 

Furthermore, the respondents are asked to give an estimate of the amount of models they created. To 

see whether this is equally distributed over both groups an analysis is done on these numbers. 

H01.6: The number of models created by respondents is divided equally over both groups. 

When we list the number of models created in a table we see the following: 

 
Table 33: Amount of models created 

Amount of models Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 17,5 
17,5 
5 
17,5 
125 
5 
62,5 
17,5 
150 
150 
5 
38 
150 
38 
5 
38 

150 
5 
150 
38 
17,5 
5 
5 
38 
5 
87,5 
17,5 
5 

Fitting P-value 0,000524983 0,000925905 

 

Since for both result sets it can be rejected that they are normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,504131 and the Mood’s Median test in a P-

value of 0,66171. Therefore these indicate that it is possible to say with 95% confidence that there is not 

a statistically significant difference between both result sets. Therefore, the hypothesis H01.6 can be 

accepted with 95% confidence and thus there is not a statistical difference between the amount of 

models created within each group. The Box-and-Whisker plot of this analysis is the following:  
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MODELING EXPERIENCE – SIZE OF MODELS 

As the respondents were also asked to list the average size of the models they created, it should be 

analyzed as well to see whether this is equally divided over the respondents groups. The null hypothesis 

of this analysis is: 

H01.7: The average size of the models created by respondents is divided equally over both groups. 

The average size of the created models is listed in the table below: 

 
Table 34: Average size of the created models 

Size of models Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 17,5 
38 
17,5 
62,5 
150 
5 
38 
62,5 
150 
87,5 
5 
62,5 
38 
87,5 
5 

62,5 
62,5 
62,5 
62,5 
38 
38 
125 
38 
5 
38 
125 
87,5 

Box-and-Whisker Plot - Amount of models created

Number

Group 1

Group 2

0 30 60 90 120 150
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87,5 

Fitting P-value 0,0545859 0,124296 
 

Since it cannot be rejected for both result sets that they are normally distributed with 95% confidence, 

the ANOVA test is used to see whether there is a statistically significant difference between them. The 

ANOVA test has a resulting P-value of 0,7636, which indicates that there is not a statistically significant 

difference between both result sets and thus H01.7 is accepted with 95% confidence and thus the 

average size of the models is equally divided over both respondents groups. A Box-and-Whisker plot of 

the analysis shows the following: 

 

CONCLUSION 

Based on the above analyses it is possible to conclude that the work experience in years, study, job type 

and modeling experience are divided equally over both respondent groups. Therefore, it is possible to 

analyze the results of each group on all these aspects and aspects combined with aspects mentioned 

above. 

ANALYSIS 

ALL RESULTS 

When we look at the percentage of correctly answered questions and fit these results using the Shapiro-

Wilk test we get a resulting P-value of 0,0738013. Therefore it is impossible to reject the idea that the 

percentage of correctly answered questions is normally distributed with 95% confidence. Below is a 

histogram of the percentage of correctly answered questions: 

 

Box-and-Whisker Plot - Size of models created

Number

Group 1

Group 2

0 30 60 90 120 150
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OVERALL CORRECTNESS 

Each group has filled in the same questions per model, though received different versions of each of 

these models. Since both groups got one flat model and one hierarchical model, it seems logical that 

both versions of the groups answer the same questionnaire with different versions (flat and hierarchical) 

of the models the same. This leads to the first hypothesis, stating: 

H02.1: Both groups make the questionnaire equally well. 

In order to test this hypothesis the percentage of correctly answered questions is used in the following 

table: 

 
Table 35: Overall correctness 

Overall correctness Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 45,83 
25,00 
41,67 
58,33 
58,33 
50,00 
58,33 
50,00 
33,33 
50,00 
33,33 

50,00 
33,33 
33,33 
54,17 
45,83 
54,17 
37,50 
25,00 
12,50 
50,00 
50,00 

Histogram for percentage of correctly answered questions

Percentage correct
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62,50 
62,50 
54,17 
37,50 
54,17 

33,33 

Fitting P-value 0,223013 0,156018 
 

Since it cannot be rejected for both result sets that they are normally distributed with 95% confidence, 

the ANOVA test is used to see whether there is a statistically significant difference between them. The 

ANOVA test has a resulting P-value of 0,0767, which indicates that there is not a statistically significant 

difference between both result sets and thus H02.1 is accepted with 95% confidence and both groups 

make the questionnaire equally well. A Box-and-Whisker plot of the analysis shows the following: 

 

MODELS 

BOTH MODELS 

In order to see whether one of the two models is made particularly better than the other, we analyze 

the percentage of correctly answered questions for each model. The null hypothesis of this analysis is 

the following: 

H02.2: The questions for each model are made equally well. 

The results for each model are displayed in the table below: 

 
Table 36: Correctness per model 

Correctness per model Model A Model B 

Results 8,33 
16,67 

83,33 
33,33 

Box-and-Whisker Plot - Overall correctness

Percentage

Group 1

Group 2

0 20 40 60 80 100
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33,33 
66,67 
50,00 
16,67 
58,33 
41,67 
16,67 
50,00 
16,67 
50,00 
50,00 
50,00 
41,67 
50,00 
58,33 
25,00 
41,67 
50,00 
50,00 
58,33 
50,00 
16,67 
16,67 
58,33 
50,00 
33,33 

50,00 
50,00 
66,67 
83,33 
58,33 
58,33 
50,00 
50,00 
50,00 
75,00 
75,00 
58,33 
33,33 
58,33 
41,67 
41,67 
25,00 
58,33 
41,67 
50,00 
25,00 
33,33 
8,33 
41,67 
50,00 
33,33 

Fitting P-value 0,00236257 0,498632 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,108994 and the Mood’s Median test in a P-

value of 0,131351. Therefore these indicate that it is possible to say with 95% confidence that there is 

not a statistically significant difference between both result sets. Therefore, the hypothesis H02.2 can be 

accepted with 95% confidence and thus there is no a statistically significant difference between the 

results for the different models. The Box-and-Whisker plot of this analysis is the following:  
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MODEL A 

Both model A and model B are different and unrelated models. Both groups get the same model in 

different forms, one group gets it flattened and one group gets it hierarchical, it is interesting to analyze 

how both models are made for each group. The null hypothesis of this analysis states the following: 

H02.3: The questions about model A are made equally well for the flattened and hierarchical version 

of the model. 

Listing the percentage of correctly answered questions for model A for each group results in the 

following table: 

  
Table 37: Correctness model A 

Correctness model A Group 1 

Model A: flattened 

Group 2 

Model A: hierarchical 

Results 8,33 
16,67 
33,33 
66,67 
50,00 
16,67 
58,33 
41,67 
16,67 
50,00 
16,67 
50,00 
50,00 

58,33 
25,00 
41,67 
50,00 
50,00 
58,33 
50,00 
16,67 
16,67 
58,33 
50,00 
33,33 

Box-and-Whisker Plot - Both models

Percentage correct

Model A

Model B
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50,00 
41,67 
50,00 

Fitting P-value 0,0383825 0,0376326 
 

Since for both result sets it can be rejected that they are normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,472883 and the Mood’s Median test in a P-

value of 0,392741. Therefore, it is possible to say with 95% confidence that there is not a statistically 

significant difference between both result sets. Therefore, the hypothesis H02.3 can be accepted with 

95% confidence and thus questions regarding model A are made equally well for the flattened and 

hierarchical version of the model. The Box-and-Whisker plot of this analysis is the following:  

 
 

MODEL B 

The same analysis done in the previous section with model A can be done in the same way for model B. 

The null hypothesis for this analysis is: 

H02.4: The questions about model B are made equally well for the flattened and hierarchical version 

of the model. 

When we list the percentage of correctly answered questions for model B we see the following table: 

 
Table 38: Correctness model B 

Correctness model B Group 1 

Model B: hierarchical 

Group 2 

Model B: flattened 

Results 83,33 
33,33 

41,67 
41,67 

Box-and-Whisker Plot - Model A

Percentage

Group 1

Group 2

0 20 40 60 80 100



Understandability and Complexity of Process Models Page 107 of 151 
 

50,00 
50,00 
66,67 
83,33 
58,33 
58,33 
50,00 
50,00 
50,00 
75,00 
75,00 
58,33 
33,33 
58,33 

25,00 
58,33 
41,67 
50,00 
25,00 
33,33 
8,33 
41,67 
50,00 
33,33 

Fitting P-value 0,194472 0,523021 

 

Since it cannot be rejected for both result sets that they are normally distributed with 95% confidence, 

the ANOVA test is used to see whether there is a statistically significant difference between them. The 

ANOVA test has a resulting P-value of 0,0009, which indicates that there is a statistically significant 

difference between both result sets and thus H02.4 is rejected with 95% confidence. A conclusion based 

on this is that the questions for model B are made better by the group that has the hierarchical version 

of the model than the group that has the flattened version. A Box-and-Whisker plot of the analysis 

shows the following: 

 

DIFFERENCE IN CORRECTNESS PER GROUP 

As both models and the related questions are different, it would be interesting to see if there is an 

interesting aspect in the difference between the results in each group. To calculate the difference for 

each respondent, the following formula is used: 

 

Box-and-Whisker Plot - Model B

Percentage

Group 1

Group 2

0 20 40 60 80 100
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In case there is a statistical difference between the differences of the groups, it can indicate that there is 

a big difference in how the questions are made for that group. The null hypothesis for this analysis is the 

following: 

H02.5: There is no statistical difference between the differences for each group. 

When we put the results for the formula listed above in a table, we see the following: 

 
Table 39: Difference in correctness 

Difference in 

correctness 

Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 75 
16,66 
16,67 
16,67 
16,67 
66,66 
0 
16,66 
33,33 
0 
33,33 
25 
25 
8,33 
8,34 
8,33 

16,66 
16,67 
16,67 
8,33 
8,33 
8,33 
25 
16,66 
8,34 
16,66 
0 
0 

Fitting P-value 0,00418689 0,130296 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,105542 and the Mood’s Median test in a P-

value of 0,0982063. Therefore these indicate that it is possible to say with 95% confidence that there is 

not a statistically significant difference between both result sets. Therefore, the hypothesis H02.5 can be 

accepted with 95% confidence and thus for each group there is not a big difference between the results 

for both models. The Box-and-Whisker plot of this analysis is the following:  



Understandability and Complexity of Process Models Page 109 of 151 
 

 

FLATTENED MODELS 

As each group received a different flattened model, it is interesting to see whether the flattened 

versions of the models are made differently compared to each other. Therefore, this analysis compares 

the percentage of correctly answered questions for the flattened models per group. The null hypothesis 

for this analysis is that there is no difference between the results of the flattened models. More 

specifically: 

H02.6: There is no difference in correctness for the flattened models. 

We can put the percentage of correctly answered questions for the flattened model in a table, which 

results in the following: 

 
Table 40: Correctness flattened models 

Correctness flattened 

models 

Group 1 

Model A: flattened 

Group 2 

Model B: flattened 

Results 8,33 
16,67 
33,33 
66,67 
50,00 
16,67 
58,33 
41,67 
16,67 
50,00 
16,67 
50,00 
50,00 

41,67 
41,67 
25,00 
58,33 
41,67 
50,00 
25,00 
33,33 
8,33 
41,67 
50,00 
33,33 

Box-and-Whisker Plot - Differences correctness

Percentage

Group 1

Group 2
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50,00 
41,67 
50,00 

Fitting P-value 0,0383825 0,523021 
 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,636123 and the Mood’s Median test in a P-

value of 00,180098. Therefore these indicate that it is possible to say with 95% confidence that there is 

not a statistically significant difference between both result sets. Therefore, the hypothesis H02.6 can be 

accepted with 95% confidence and there is thus not a statistically significant difference between the 

correctness for both flattened models. The Box-and-Whisker plot of this analysis is the following:  

 

HIERARCHICAL MODELS 

The same analysis as done above for the flattened models can be executed for the hierarchical models. 

This leads to the following null hypothesis for this analysis: 

H02.7: There is no difference in correctness for the hierarchical models. 

The percentage of correctly answered questions for the hierarchical models results in the following table 

with percentages: 

 
Table 41: Correctness hierarchical models 

Correctness 

hierarchical models 

Group 1 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Results 83,33 
33,33 
50,00 

58,33 
25,00 
41,67 

Box-and-Whisker Plot - Flattened models

Percentage correct

Group 1

Group 2
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50,00 
66,67 
83,33 
58,33 
58,33 
50,00 
50,00 
50,00 
75,00 
75,00 
58,33 
33,33 
58,33 

50,00 
50,00 
58,33 
50,00 
16,67 
16,67 
58,33 
50,00 
33,33 

Fitting P-value 0,194472 0,0376326 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,0222321 and the Mood’s Median test in a P-

value of 0,0982063. Therefore the Kruskal-Wallis test indicates that it is possible to say with 95% 

confidence that there is a statistically significant difference between both result sets though the Mood’s 

median test does not support this. Therefore, based on the Kruskal-Wallis test the hypothesis H02.7 can 

be rejected with 95% confidence and there is a statistically significant difference between the 

correctness for both hierarchical models. The Box-and-Whisker plot of this analysis is the following:  

 

FLATTENED AND HIERARCHICAL 

Besides the above it is also possible to compare the results of the flattened against the results of the 

hierarchical models.  

Box-and-Whisker Plot - Hierarchical models

Percentage correct

Group 1

Group 2
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H02.8 There is no difference in correctly answered questions between the flattened and hierarchical 

models. 

If we group the results in a table, we get the following: 

 
Table 42: Flattened and hierarchical models 

Flattened and 

hierarchical 

Flattened Hierarchical 

Results 8,33 
16,67 
33,33 
66,67 
50,00 
16,67 
58,33 
41,67 
16,67 
50,00 
16,67 
50,00 
50,00 
50,00 
41,67 
50,00 
41,67 
41,67 
25,00 
58,33 
41,67 
50,00 
25,00 
33,33 
8,33 
41,67 
50,00 
33,33 

83,33 
33,33 
50,00 
50,00 
66,67 
83,33 
58,33 
58,33 
50,00 
50,00 
50,00 
75,00 
75,00 
58,33 
33,33 
58,33 
58,33 
25,00 
41,67 
50,00 
50,00 
58,33 
50,00 
16,67 
16,67 
58,33 
50,00 
33,33 

Fitting P-value 0,0452287 0,091527 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,00329899 and the Mood’s Median test in a P-

value of 0,00660982. These results indicate that there is a statistically significant difference between the 

result sets and this thus means that H02.8 can be rejected with 95% confidence. This means that there is 

a significant difference in the results for the flattened models and hierarchical models. The Box-and-

Whisker plot of this analysis is the following:  
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GROUPS 

The above section mainly researches the aspects between the two respondent groups, but it would also 

be interesting to see if the groups have a big difference between both models. In more detail, do the 

groups make model A or model B better? 

GROUP 1 

First we can see whether group 1 has a difference in the percentage of correct questions for model A 

and model B. The null hypothesis of this analysis is the following: 

H03.1: There is no difference in the percentage of correctly answered questions for model A and model 

B for group 1. 

And the percentages of correct answers for group 1 are the following: 

 
Table 43: Group 1 

Group 1 Model A: flattened Model B: hierarchical 

Results 8,33 
16,67 
33,33 
66,67 
50,00 
16,67 
58,33 
41,67 
16,67 
50,00 

83,33 
33,33 
50,00 
50,00 
66,67 
83,33 
58,33 
58,33 
50,00 
50,00 

Box-and-Whisker Plot - Flattened and hierarchical

Percentage correct

Flattened

Hierarchical
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16,67 
50,00 
50,00 
50,00 
41,67 
50,00 

50,00 
75,00 
75,00 
58,33 
33,33 
58,33 

Fitting P-value 0,0383825 0,194472 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,0035526 and the Mood’s Median test in a P-

value of 0,00917598. These results indicate that there is a statistically significant difference between the 

result sets and this thus means that H03.1 can be rejected with 95% confidence. This means that there is 

a significant difference in the results of group 1 for both models. The Box-and-Whisker plot of this 

analysis is the following:  

 

GROUP 2  

In the same way as above for group 1 we can analyze the results for group 2. The null hypothesis of this 

analysis is the following: 

H03.2: There is no difference in the percentage of correctly answered questions for model A and model 

B for group 2. 

And the percentages of correct answers for group 2 are the following: 

 
Table 44: Group 2 

Group 2 Model A: hierarchical Model B: flattened 

Box-and-Whisker Plot - Group 1

Percentage correct

Model A

Model B
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Results 58,33 
25,00 
41,67 
50,00 
50,00 
58,33 
50,00 
16,67 
16,67 
58,33 
50,00 
33,33 

41,67 
41,67 
25,00 
58,33 
41,67 
50,00 
25,00 
33,33 
8,33 
41,67 
50,00 
33,33 

Fitting P-value 0,0376326 0,523021 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,304409 and the Mood’s Median test in a P-

value of 0,0976863. These results indicate that there is not a statistically significant difference between 

the result sets and this thus means that H03.1 can be accepted with 95% confidence. This means that 

there is no significant difference in the results of group 2 for both models. The Box-and-Whisker plot of 

this analysis is the following:  

 

TIME 

An aspect that could indicate the difficulty of the different models or versions of the models is the 

amount of time it took for people to fill in a single question. To research this we look at the time it took 

to fill in a question overall and after that model specific. Times displayed are in seconds. 

Box-and-Whisker Plot - Group 2

Percentage correct

Model A

Model B
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TIME TO ANSWER A QUESTION – OVERALL 

First we look into the time to answer a single question overall per group. As hypothesis H6 indicates, 

there is no difference expected in the amount of time per filled in question. The null hypothesis of this 

analysis is: 

H04.1: There is no difference in the duration per filled in question overall between both groups. 

The following table is the amount of seconds per filled in question: 

 
Table 45: Time to answer a question 

Time to answer a 

question 

Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Results 225 
100 
112 
165 
225 
180 
125 
112 
100 
125 
150 
163 
75 
150 
225 
150 

225 
115 
145 
125 
223 
125 
152 
152 
180 
83 
125 
150 

Fitting P-value 0,225064 0,234373 

 

Since it cannot be rejected for both result sets that they are normally distributed with 95% confidence, 

the ANOVA test is used to see whether there is a statistically significant difference between them. The 

ANOVA test has a resulting P-value of 0,9482, which indicates that there is not a statistically significant 

difference between both result sets and thus H04.1 is accepted with 95% confidence. This means that 

there is no difference in the amount of time it takes to answer a question between both respondent 

groups. A Box-and-Whisker plot of the analysis shows the following: 



Understandability and Complexity of Process Models Page 117 of 151 
 

 

TIME TO ANSWER A QUESTION – MODEL A 

We can do the same analysis as above for just the questions about model A. The null hypothesis of this 

analysis is the same as overall, except that it is model A specific: 

H04.2: There is no difference in the duration per filled in question between both groups for model A. 

Then when looking at the amount of seconds it takes to fill in a question for model A we get the 

following result table: 

 
Table 46: Time to answer a question about model A 

Time to answer a 

question – model A 

Group 1 

Model A: flattened 

Group 2 

Model A: hierarchical 

Results 450 
110 
125 
150 
300 
225 
105 
140 
75 
175 
150 
165 
75 
150 
300 
150 

225 
140 
155 
115 
200 
135 
125 
175 
188 
65 
125 
125 

Box-and-Whisker Plot - Time per filled in question

Seconds

Group 1

Group 2

70 110 150 190 230
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Fitting P-value 0,00470469 0,749871 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,641334 and the Mood’s Median test in a P-

value of 0,823218. Therefore these indicate that it is possible to say with 95% confidence that there is 

not a statistically significant difference between both result sets. Therefore, the hypothesis H04.2 can be 

accepted with 95% confidence and there is not a statistically significant difference between the time per 

filled in answer for model A. The Box-and-Whisker plot of this analysis is the following:  

 

TIME TO ANSWER A QUESTION – MODEL B 

For model B the same analysis can be undertaken. The null hypothesis of this analysis is the following: 

H04.3: is no difference in the duration per filled in question between both groups for model B. 

When we group the amount of seconds per filled in answer for model B in a table, the following is the 

result: 

 
Table 47: Time to answer a question about model B 

Time to answer a 

question – model B 

Group 1 

Model B: hierarchical 

Group 2 

Model B: flattened 

Results 150 
90 
100 
187 
150 
150 
145 

225 
90 
135 
135 
245 
115 
180 

Box-and-Whisker Plot - Time per filled in question model A

Seconds

Group 1

Group 2

0 100 200 300 400 500
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85 
125 
75 
150 
160 
75 
150 
150 
150 

130 
171 
100 
125 
175 

Fitting P-value 0,0120147 0,349565 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,412623 and the Mood’s Median test in a P-

value of 0,445008. Therefore these indicate that it is possible to say with 95% confidence that there is 

not a statistically significant difference between both result sets. Therefore, the hypothesis H04.3 can be 

accepted with 95% confidence and there is not a statistically significant difference between the time per 

filled in answer for model B. The Box-and-Whisker plot of this analysis is the following:  

 

BACKGROUND 

Before the questions regarding both models start, the respondents are asked questions about their 

experience in the field of process modeling, their job within Pallas Athena Solutions and what study they 

finished before starting the job. In the next section we analyze how each of these aspects influence the 

respondents’ understanding of process models. Earlier in this analysis it was shown that there were no 

significant statistical differences in the spread of these aspects over groups. 

Box-and-Whisker Plot - Time per filled in question model B

Seconds

Group 1

Group 2
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STUDY 

One of the aspects the respondents were asked to fill in was the studies they finished so-far. One big 

aspect of the educational systems around the world is the difference in Bachelor and Master studies. In 

the Netherlands this was previously the Hoger Beroeps Onderwijs (HBO) and Wetenschappelijk 

Onderwijs (WO). Has hypothesis H3 says, the indication is that the study of the respondents is of little to 

no influence to their understanding of business process models. If we research whether the study level – 

HBO or WO – matters in the percentage of correctly answered questions we have the following null 

hypothesis: 

H05.1: There is no difference in percentage of correctly answered questions between respondents who 

finished a HBO or WO study. 

 If we group the respondents percentage of correctly answered questions based on the HBO and WO 

studies, we see the following table: 

 

Table 48: Results per study 

Study HBO (or less) WO 

Results 41,67 
58,33 
50,00 
33,33 
50,00 
33,33 
62,50 
50,00 
33,33 
33,33 
45,83 
37,50 
25,00 
50,00 

45,83 
25,00 
58,33 
58,33 
50,00 
62,50 
54,17 
37,50 
54,17 
54,17 
54,17 
12,50 
50,00 
33,33 

Fitting P-value 0,421764 0,0296639 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,245907 and the Mood’s Median test in a P-

value of 0,0430433. The Kruskal-Wallis test indicates that there is no statistical significant difference in 

both result sets though the Mood’s Median test suggests that there is a statistically significant 

difference between the medians of both result sets. In order to see where this difference lies, the Box-

and-Whisker plot is used, which is: 
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This indicates that the respondents who have previously finished a WO study have a statistically 

significant better median. 

CONSULTANTS 

Besides the study the respondents have finished, the job description they have within the company 

might matter as well. As there were some non-consultants who also filled in the questionnaire it could 

see whether being a consultant is of influence on the results of the questionnaire. As hypothesis H4 

states, it is expected that the consultants will have more and more recent experience with process 

models and process modeling and will thus understand process models quicker. The following analysis 

will be a way to test this. The null hypothesis of this analysis is the following: 

H05.2: There is no difference in percentage of correctly answered questions between respondents who 

are consultants and who or not. 

When grouping the percentage of correctly answered questions based on whether the respondent is a 

consultant or not results in the following table: 

 
Table 49: Consultant or no consultant 

Consultants Consultant Non-consultant 

Results 25,00 
41,67 
58,33 
50,00 
58,33 
33,33 
50,00 
62,50 
54,17 

45,83 
58,33 
50,00 
33,33 
62,50 
20,83 

Box-and-Whisker Plot - Study

Percentage correct

HBO

WO

0 20 40 60 80 100



Understandability and Complexity of Process Models Page 122 of 151 
 

37,50 
54,17 
37,50 
25,00 
29,17 
33,33 
33,33 
20,83 
29,17 
25,00 
25,00 
33,33 
25,00 

Fitting P-value 0,0236941 0,75668 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,33766 and the Mood’s Median test in a P-

value of 0,35698. These results indicate that there is no statistical significant difference in both result 

sets which indicates that whether or not the respondent is a consultant does not influence the 

questionnaire result. The Box-and-Whisker plot is the following: 

 

TECHNICAL AND BUSINESS CONSULTANTS 

The consultants from the above section can be divided into technical and business consultants as well. 

To see whether there is a difference in results for the technical and business consultants the percentage 

of correctly answered questions is grouped into two groups: the technical consultants and the business 

consultants. 

 

Box-and-Whisker Plot - Consultants

response
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The null hypothesis of this analysis is the following: 

H05.3: Whether or not the respondent is a technical or business consultant does not influence their 

understanding of process models. 

Grouping the percentage of correctly answered questions based on the above aspects, the following 

table is the result: 

  
Table 50: Technical or business consultant 

Technical and business 

consultants 

Technical consultants Business consultants 

Results 58,33 
58,33 
33,33 
50,00 
62,50 
37,50 
33,33 
37,50 
12,50 
50,00 
50,00 
33,33 

33,33 
54,17 
45,83 
54,17 
25,00 
25,00 
41,67 
50,00 
54,17 
54,17 

Fitting P-value 0,289606 0,026186 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 1.0 and the Mood’s Median test in a P-value of 

1.0. These results indicate that there is a statistical significant difference in both result sets which means 

that hypothesis H05.3 can be accepted with 95% confidence and thus indicates that being a technical or 

business consultant does not influence their understanding of process models. The Box-and-Whisker 

plot is the following: 
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FIELD EXPERIENCE 

Another aspect besides the study or job content that was asked in the questionnaire was the years of 

experience in the field. A way to research the understandability of process models based on this value is 

to take the average value and split the results based on that. Another way to split the groups is by the 

median value. 

 

The null hypothesis of this analysis is the following: 

H05.4: The number of years of experience in the field of process modeling does not influence their 

understanding of process models. 

Average 

Over all respondents, the average number of years of experience in the field 5,283950617 years. 

Grouping the respondents based on this results in the following table: 

 
Table 51: Years of experience in the field - average 

Years in the field - 

average 

Experienced Less experienced 

Results 58,33 
58,33 
58,33 
50,00 
50,00 
62,50 
54,17 
54,17 
50,00 

45,83 
25,00 
41,67 
50,00 
33,33 
33,33 
62,50 
37,50 
33,33 

Box-and-Whisker Plot - Technical and business consultant

Percentage correct
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54,17 
25,00 
50,00 

33,33 
45,83 
54,17 
37,50 
12,50 
50,00 
33,33 

Fitting P-value 0,0011256 0,66903 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,00392513 and the Mood’s Median test in a P-

value of 0,0101713. These results indicate that there is a statistical significant difference in both result 

sets which means that hypothesis H05.4 can be rejected with 95% confidence and thus indicates that 

experience in the field of business process modeling influences their understanding of process models. 

The Box-and-Whisker plot is the following: 

 

Median 

The median of the number of years of experience of all respondents in the field is 4 years. Grouping the 

respondents based on this median results in the following results: 

 
Table 52: Years of experience in the field - median 

Years in the field – 

median 

Experienced Less experienced 

Results 58,33 
58,33 
50,00 
58,33 

45,83 
25,00 
41,67 
33,33 

Box-and-Whisker Plot - Years of experience in the field

Percentage correct

Experienced
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50,00 
50,00 
62,50 
54,17 
54,17 
50,00 
54,17 
25,00 
50,00 

37,50 
33,33 
33,33 
45,83 
54,17 
37,50 
12,50 
33,33 

Fitting P-value 0,000769069 0,477255 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,000812454 and the Mood’s Median test in a 

P-value of 0,0147979. These results indicate that there is a statistical significant difference in both result 

sets which means that hypothesis H05.3 can be rejected with 95% confidence and thus indicates that 

experience in the field of business process modeling influences the users’ understanding of process 

models. The Box-and-Whisker plot is the following: 

 

COMPANY EXPERIENCE 

Besides the years of working in the field, the questionnaire also asked the years of working within the 

company. Seeing as the program used to create the models was made by the Pallas Athena, the mother 

company of Pallas Athena Solutions and the models were given by employees of Pallas Athena solutions 

it may be an indication of the influence knowledge of the program has on their understanding of process 

models. 

 

The null hypothesis of this analysis is: 

Box-and-Whisker Plot - Years of experience in the field

Percentage correct

Experienced

Less experienced
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H05.5: The number of years of experience within the company does not influence their understanding 

of process models. 

As with the years of experience in the field, one can look at the average number of years and the 

median of the years. 

Average 

The average number of years that the respondents worked within the company is 3,58 years. If the 

respondents are split in two groups based on the this average, the following table is the result: 

 
Table 53: Years of experience in the company - average 

Years within the 

company - average 

Experienced Less experienced 

Results 58,33 
50,00 
50,00 
50,00 
62,50 
62,50 
54,17 
54,17 
50,00 
50,00 
50,00 

45,83 
25,00 
41,67 
58,33 
58,33 
33,33 
33,33 
37,50 
33,33 
33,33 
54,17 
45,83 
54,17 
37,50 
25,00 
12,50 
33,33 

Fitting P-value 0,00287781 0,391378 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,00297853 and the Mood’s Median test in a P-

value of 0,225038. The result of the Kruskal-Wallis test indicates that it can be said with 95% confidence 

that there is a significant statistical difference between the two result sets means that hypothesis H05.5 

can be rejected, indicating that the number of years of working in the company is of influence to the 

respondents’ understanding of business process models. The Mood’s Median test on the other hand 

does not support this. The Box-and-Whisker plot of this analysis shows the following: 
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Median 

If we take the median instead of the average number of years the respondents are working within the 

company, we see that the median is 3. Dividing the respondents up based on this median, gives the 

results table below. The people who indicated to have worked 3 years within the company are added to 

the experienced results, as people usually indicate the amount they worked within the company in the 

number of years, rounded up to the lower integer: 

 
Table 54: Years of experience in the company - median 

Years within the 

company - median 

Experienced Less experienced 

Results 58,33 
58,33 
50,00 
50,00 
50,00 
62,50 
62,50 
54,17 
54,17 
50,00 
54,17 
37,50 
25,00 
50,00 
50,00 

45,83 
25,00 
41,67 
58,33 
33,33 
33,33 
37,50 
33,33 
33,33 
45,83 
54,17 
12,50 
33,33 

Fitting P-value 0,0070107 0,498512 

 

Box-and-Whisker Plot - Years of working with the company
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Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,00337167 and the Mood’s Median test in a P-

value of 0,0771177. The result of the Kruskal-Wallis test indicates that it can be said with 95% 

confidence that there is a significant statistical difference between the two result sets means that 

hypothesis H05.4 can be rejected, indicating that the number of years of working in the company is of 

influence to the respondents’’ understanding of business process models. The Mood’s Median test on 

the other hand does not support this. The Box-and-Whisker plot of this analysis shows the following: 

MODELING EXPERIENCE 

Besides the number of years the respondents worked in the field or the company, one could also 

measure the experience based on the number of models created and the average size of these models. 

Amount of models created 

The first aspect that could be analyzed is the amount of models created. The null hypothesis of this 

analysis is: 

H05.6: The amount of models created does not influence the percentage of correctly answered 

questions. 

When looking at the amount of models created, we see that not even half of the respondents have 

created 50 models or more. Splitting the results up based on 0 to 50 and 50 and more models created, 

the following table is the result: 

 
Table 55: Amount of created models 

Amount of models 50 or more Less than 50 

Results 58,33 
58,33 
33,33 
50,00 
62,50 
50,00 
33,33 
50,00 

45,83 
25,00 
41,67 
58,33 
50,00 
50,00 
33,33 
62,50 
54,17 
37,50 
54,17 
33,33 
54,17 
45,83 
54,17 
37,50 
25,00 
12,50 
50,00 
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33,33 

Fitting P-value 0,124998 0,320651 
 

Since it cannot be rejected for both result sets that they are normally distributed with 95% confidence, 

the ANOVA test is used to see whether there is a statistically significant difference between them. The 

ANOVA test has a resulting P-value of 0,2199, which indicates that there is not a statistically significant 

difference between both result sets and thus H05.6 is accepted with 95% confidence. This means that 

the questions are made equally well for people who have created more models and people who have 

not created many models. A Box-and-Whisker plot of the analysis shows the following: 

 

Size of models 

The questionnaire also asked respondents about the average size of the models they created, by which 

the results can be analyzed. The null hypothesis of this analysis is: 

H05.7: The average size of the models created does not influence the percentage of correctly 

answered questions. 

If we look at the average size of models, it seems the split is around 50 activities, where each half has 

about an equal number of respondents. When we split the group in two with the split at 50 activities, 

we see the following table: 

 
Table 56: Average size of created models 

Size of models 50 activities or more Less than 50 activities 

Results 58,33 
58,33 
50,00 
33,33 
50,00 

45,83 
25,00 
41,67 
50,00 
58,33 

Box-and-Whisker Plot - Amount of models
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62,50 
54,17 
54,17 
50,00 
33,33 
33,33 
54,17 
37,50 
50,00 
33,33 

33,33 
62,50 
37,50 
45,83 
54,17 
25,00 
12,50 
50,00 

Fitting P-value 0,0219784 0,737393 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,264086 and the Mood’s Median test in a P-

value of 0,338937. This means that with 95% confidence it can be said that there is no significant 

statistical difference between the two result sets, which means that hypothesis H05.7 can be accepted 

with 95% confidence, indicating that the average size of created models does not influence the 

percentage of correctly answered questions. The Box-and-Whisker plot of this analysis shows the 

following: 

 

Model count and size 

Besides the two above, a combination of the two might give more insight. After all, somebody could 

have created one huge model, or somebody could have created many small models. To get a better 

indication of the experience with modeling a combination measure of the two is created. As people 

indicated a range for the amount of models created and the average size of the created models, the 

average of this range (and the minimum for the highest range) is taken. The average of the range for 

Box-and-Whisker Plot - Size of models
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Less activities
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model count is multiplied by the average of the model size, and of this value the square root is taken. 

Thus, the count and size value (CS) is: 

68 �  9	:��	5� ��;� < 	:��	5� 	=7>�# 

 

Next we can analyze the percentage of correctly answered questions by dividing the group by taking the 

people who have more and the people who have less than the average CS value, which is 47,02.  The 

null hypothesis of this analysis is the following: 

H05.8: The average amount of created and the size of the models created does not influence the 

percentage of correctly answered questions. 

Dividing the respondents up in two groups based on this average CS value, we get the following table: 

 
Table 57: Amount of created models and average size of these models 

Amount and size of 

models 

Experienced Less experienced 

Results 58,33 
58,33 
33,33 
50,00 
62,50 
62,50 
54,17 
54,17 
50,00 
33,33 
54,17 
50,00 

45,83 
25,00 
41,67 
58,33 
50,00 
50,00 
33,33 
37,50 
33,33 
45,83 
54,17 
37,50 
25,00 
12,50 
50,00 
33,33 

Fitting P-value 0,0267501 0,646773 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,00751603 and the Mood’s Median test in a P-

value of 0,0101713. This means that with 95% confidence it can be said that there is a significant 

statistical difference between the two result sets, which means that hypothesis H05.8 can be rejected 

with 95% confidence, indicating that the amount of created models combined with the average size of 

created models does influence the percentage of correctly answered questions. The Box-and-Whisker 

plot of this analysis shows the following: 
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DOMAIN KNOWLEDGE 

Throughout the questionnaire the respondents were asked to list whether they had knowledge about 

the process model beforehand. A few people had knowledge of one of the process models. To see 

whether this is of some influence we analyze the percentage of correctly answered questions for the 

people who had knowledge beforehand and the people who did not. The null hypothesis of this analysis 

is: 

H05.9: Knowledge of the process in question beforehand does not influence the percentage of 

correctly answered questions. 

The results table of this analysis is listed below. Here all the values are the percentage of correctly 

answered questions per model. 

 
Table 58: Knowledge beforehand 

Knowledge 

beforehand 

Knowledge No knowledge 

Results 33,33 
50,00 
50,00 
50,00 
58,33 
58,33 
50,00 

8,33 
16,67 
66,67 
50,00 
16,67 
58,33 
41,67 
16,67 
16,67 
50,00 
50,00 

Box-and-Whisker Plot - Model amount and size
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41,67 
50,00 
83,33 
33,33 
50,00 
66,67 
83,33 
58,33 
50,00 
50,00 
50,00 
75,00 
75,00 
58,33 
33,33 
58,33 
58,33 
25,00 
41,67 
50,00 
58,33 
50,00 
16,67 
16,67 
50,00 
33,33 
41,67 
41,67 
25,00 
58,33 
41,67 
50,00 
25,00 
33,33 
8,33 
41,67 
50,00 
33,33 

Fitting P-value 0,0315219 0,0518647 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,32493 and the Mood’s Median test in a P-

value of 0,909196. This means that with 95% confidence it can be said that there is a significant 

statistical difference between the two result sets, which means that hypothesis H05.9 can be accepted 

with 95% confidence, indicating that knowledge beforehand is not of significant influence to the users’ 

understanding of process models. The Box-and-Whisker plot of this analysis shows the following: 
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PERCEIVED UNDERSTANDING 

The respondents were asked to estimate their understanding of the process models in question on a 

scale of 1 to 5, where 5 meant “completely” and 1 meant “not at all”. After the results are gathered, it is 

possible to compare these results to the actual percentage of correctly answered questions. That way 

one can indicate whether there is a relation between the estimated understanding and the actual 

understanding - the percentage of correctly answered questions. 

 
Table 59: Perceived understanding and percentage correct 

Perceived 

understanding 

Perceived Percentage correct 

Results 2 
3 
4 
4 
3 
4 
4 
3 
3 
3 
3 
2 
5 
3 
4 
3 
3 

8,33% 
16,67% 
33,33% 
66,67% 
50,00% 
16,67% 
58,33% 
41,67% 
16,67% 
50,00% 
16,67% 
50,00% 
50,00% 
50,00% 
41,67% 
50,00% 
83,33% 

Box-and-Whisker Plot - Knowledge of the process model
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3 
3 
3 
3 
4 
3 
3 
4 
5 
3 
3 
5 
2 
3 
4 
2 
4 
4 
5 
5 
3 
4 
4 
4 
5 
4 
4 
2 
4 
2 
4 
3 
1 
2 
2 
2 
3 
3 
1 

33,33% 
50,00% 
50,00% 
66,67% 
83,33% 
58,33% 
58,33% 
50,00% 
50,00% 
50,00% 
75,00% 
75,00% 
58,33% 
33,33% 
58,33% 
58,33% 
25,00% 
41,67% 
50,00% 
50,00% 
58,33% 
50,00% 
16,67% 
16,67% 
58,33% 
50,00% 
33,33% 
41,67% 
41,67% 
25,00% 
58,33% 
41,67% 
50,00% 
25,00% 
33,33% 
8,33% 
41,67% 
50,00% 
33,33% 

Mean 3,285714286 44,79% 

Standard deviation 0,985610761 17,74% 

 

In order to compare two datasets, the Pearson correlation coefficient can be used. This results in a 

Pearsons correlation coefficient of r = 0,225361 and a significance level of 0,0949. This indicates that 

there is not a little to no association between the perceived understanding and the actual 

understanding. If we create a scatter plot of the above data with the R2 line added. 
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If we look at the estimated understandability as percentage, where we translate them in the following 

way: 

 

Estimated understandability Percentage 

1 0% 

2 25% 

3 50% 

4 75% 

5 100% 

 

Comparing these percentages to the percentage of correctly answered questions in the table above, we 

see that 32 respondents overestimate their understanding of the model, ten respondents estimate their 

understanding of the model correctly and fourteen respondents underestimate their understanding. 

This indicates that people tend to overestimate their understanding of the process model. 

QUESTION ANALYSIS 

To test hypothesis H7 till H10 the questions are first divided into global and local questions. Furthermore 

they are divided into structure and content questions. Afterwards these aspects of the questions are 

researched over all questions made and on per model base. 

GLOBAL AND LOCAL 

For this analysis we separate questions in global and local questions, where local questions are 

questions with a local solution in the hierarchical model. More specifically, in this research: 
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A local question is a question which has a solution which can be found on one single 

subprocess in the hierarchical model. 

 

And with that, a global question is a non-local question, thus a question that has a solution that can not 

be found on a single subprocess in the hierarchical model. When we look at the questions related to the 

two models used for the questionnaire, we see that model A has 6 local and 6 global questions. Model B 

has 10 local and 2 global questions. The table below gives an overview of which questions are local or 

global. 

 
Table 60: Global and local questions 

Model A Model B 

Question  Question  

17 Global 33 Local 

18 Local 34 Local 

19 Local 35 Local 

20 Global 36 Local 
21 Global 37 Local 

22 Local 38 Local 

23 Local 39 Local 

24 Global 40 Local 

25 Local 41 Local 

26 Global 42 Global 

27 Global 43 Local 

28 Local 44 Global 

 

With these definitions of global and local questions we can analyze the results of the questionnaire to 

see whether these give any insight into what questions are made better and for which model or model 

version. 

GLOBAL AGAINST LOCAL - OVERALL 

First we can look at the global and local questions for all respondents grouped together as if there was 

only one version of the questionnaire to see if there are statistically significant differences there already. 

With that analysis the following null hypothesis is given: 

H06.1: There is no difference in correctness for global and local questions overall. 

If we list the percentage of correct answers in from the questionnaire results in a table, we get the 

following: 

 
Table 61: Global and local 

Global against local Local questions Global questions 

Results 56,25 
31,25 

25,00 
12,50 
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56,25 
68,75 
68,75 
68,75 
68,75 
68,75 
50,00 
56,25 
43,75 
62,50 
81,25 
75,00 
50,00 
75,00 
62,50 
43,75 
37,50 
75,00 
62,50 
68,75 
50,00 
37,50 
18,75 
62,50 
62,50 
50,00 

12,50 
37,50 
37,50 
12,50 
37,50 
12,50 
0,00 
37,50 
12,50 
62,50 
25,00 
12,50 
12,50 
12,50 
25,00 
12,50 
25,00 
12,50 
12,50 
25,00 
12,50 
0,00 
0,00 
25,00 
25,00 
0,00 

Fitting P-value 0,165947 0,00235115 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 3,49378E-9 and the Mood’s Median test in a P-

value of 6,30552E-10. Therefore these indicate that it is possible to say with 95% confidence that there 

is a statistically significant difference between both result sets. Therefore, the hypothesis H06.1 can be 

rejected with 95% confidence and there is a statistically significant difference between the percentage 

of correctly answered questions for the global and local questions. The Box-and-Whisker plot of this 

analysis is the following:  
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GLOBAL AND LOCAL – MODEL TYPE 

Another interesting aspect to analyze in relation to global and local questions is what type of questions 

are answered better in what version of each model. Thus, are global questions answered better on 

hierarchical or a flattened model? 

 

It is possible to group the results in this way, where all results for local questions on flattened models 

are grouped together, all results for local questions on hierarchical models, all results for global 

questions on flattened models and all results for global questions on hierarchical models. These results 

are displayed in the following table: 

 
Table 62: Global and local per model type 

Global against 

local 

Flattened models Hierarchical models 

Local questions 0,00 
16,67 
50,00 
83,33 
50,00 
33,33 
83,33 
66,67 
33,33 
50,00 
33,33 
33,33 
66,67 
83,33 

90,00 
40,00 
60,00 
60,00 
80,00 
90,00 
60,00 
70,00 
60,00 
60,00 
50,00 
80,00 
90,00 
70,00 

Local questions

Global questions

Box-and-Whisker Plot - Global against local
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66,67 
83,33 
50,00 
50,00 
30,00 
70,00 
50,00 
60,00 
30,00 
40,00 
10,00 
50,00 
60,00 
40,00 

40,00 
70,00 
83,33 
33,33 
50,00 
83,33 
83,33 
83,33 
83,33 
33,33 
33,33 
83,33 
66,67 
66,67 

Global questions 16,67 
16,67 
16,67 
50,00 
50,00 
0,00 
33,33 
16,67 
0,00 
50,00 
0,00 
66,67 
33,33 
16,67 
16,67 
16,67 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 

50,00 
0,00 
0,00 
0,00 
0,00 
50,00 
50,00 
0,00 
0,00 
0,00 
50,00 
50,00 
0,00 
0,00 
0,00 
0,00 
33,33 
16,67 
33,33 
16,67 
16,67 
33,33 
16,67 
0,00 
0,00 
33,33 
33,33 
0,00 

 

As was already shown earlier, local questions are made far better than global questions. Therefore it is 

interesting to see if it matters whether the global questions are made better on a flattened or 

hierarchical model and if the local questions are made better on a flattened or hierarchical model. 
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GLOBAL QUESTIONS - OVERALL 

The first aspect to look at is the global questions and whether they are made better on a flattened or 

hierarchical model over the whole questionnaire. The null  hypothesis of this questionnaire is the 

following: 

H06.2: There is no difference in correctness for global questions made over a flattened or hierarchical 

model. 

If we get the results from the above table from the global questions and put them in a single table, the 

following is its result: 

 
Table 63: Global questions per model type 

Global questions Flattened models Hierarchical models 

Global questions 16,67 
16,67 
16,67 
50,00 
50,00 
0,00 
33,33 
16,67 
0,00 
50,00 
0,00 
66,67 
33,33 
16,67 
16,67 
16,67 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 

50,00 
0,00 
0,00 
0,00 
0,00 
50,00 
50,00 
0,00 
0,00 
0,00 
50,00 
50,00 
0,00 
0,00 
0,00 
0,00 
33,33 
16,67 
33,33 
16,67 
16,67 
33,33 
16,67 
0,00 
0,00 
33,33 
33,33 
0,00 

Fitting P-value 0,00000399627 0,0000111252 

 

Since for both result sets it can be rejected that they are normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 
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significant. The Kruskal-Wallis test results in a P-value of 0,599819 and the Mood’s Median test in a P-

value of 0,789137. Therefore, it is possible to say with 95% confidence that there is not a statistically 

significant difference between both result sets, thus hypothesis H06.2 can be accepted with 95% 

confidence, which indicates that there is no statistical difference in the results for global questions 

between the flattened and hierarchical models. The Box-and-Whisker plot of this analysis is the 

following: 

 

GLOBAL QUESTIONS - MODEL A 

It is also possible to do the above analysis for global questions per model. Looking at just model A we 

can have the same null hypothesis as H06.2, except specifically for model A. 

H06.3: There is no difference in correctness for global questions made over a flattened or hierarchical 

version of model A. 

Listing the percentage of global questions answered correctly for model A per group – one group has the 

model flattened, the other hierarchical – we see the following table: 

 
Table 64: Global questions model A 

Global questions 

model A 

Group 1: 

Model A: flattened 

Group 2: 

Model A: hierarchical 

Global questions 16,67 
16,67 
16,67 
50,00 
50,00 
0,00 
33,33 
16,67 

33,33 
16,67 
33,33 
16,67 
16,67 
33,33 
16,67 
0,00 

Box-and-Whisker Plot - Global questions

Percentage correct

Flattened models

Hierarchical models

0 20 40 60 80 100
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0,00 
50,00 
0,00 
66,67 
33,33 
16,67 
16,67 
16,67 

0,00 
33,33 
33,33 
0,00 

Fitting P-value 0,0392453 0,00996996 

 

Since for both result sets it can be rejected that they are normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,610104 and the Mood’s Median test in a P-

value of 0,823218. Therefore, it is possible to say with 95% confidence that there is not a statistically 

significant difference between both result sets, thus hypothesis H06.3 can be accepted with 95% 

confidence, which indicates that there is no statistical difference in the results for global questions for 

model A between the flattened and hierarchical models. This supports finding in the previous section 

about global questions overall. The Box-and-Whisker plot of this analysis is the following: 

 

GLOBAL QUESTIONS - MODEL B 

The same analysis as above with model A can be done for model A, which again has the same hypothesis 

as H06.2, except specifically for model B. 

H06.4: There is no difference in correctness for global questions made over a flattened or hierarchical 

version of model B. 

When we output the percentage of correctly answered global questions for model B the following table 

is the result: 

Box-and-Whisker Plot - Global questions model A

Percentage correct

Flattened models

Hierarchical models

0 20 40 60 80 100
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Table 65: Global questions model B 

Global questions 

model B 

Group 1: 

Model B: hierarchical 

Group 2: 

Model B: flattened 

Global questions 50,00 
0,00 
0,00 
0,00 
0,00 
50,00 
50,00 
0,00 
0,00 
0,00 
50,00 
50,00 
0,00 
0,00 
0,00 
0,00 

0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 
0,00 

 

There are only two global questions for model B and since group 2 – the flattened version of the model 

– have none of the global questions correct it is not possible to do any of the tests done before. It does 

seem that in the first group there are also a lot of people who have no questions correct though, which 

somewhat support the notion that global questions are made equally for hierarchical and flattened 

models. 

LOCAL QUESTIONS - OVERALL 

The same analysis as above with global questions can be executed with local questions. The null 

hypothesis of this analysis is the following: 

H06.5: There is no difference in correctness for local questions made over a flattened or hierarchical 

model. 

Taking the results of local questions based on flattened and hierarchical models into a table results in 

the following table: 

 
Table 66: Local questions per model type 

Local questions Flattened models Hierarchical models 

Local questions 0,00 
16,67 
50,00 
83,33 
50,00 

90,00 
40,00 
60,00 
60,00 
80,00 
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33,33 
83,33 
66,67 
33,33 
50,00 
33,33 
33,33 
66,67 
83,33 
66,67 
83,33 
50,00 
50,00 
30,00 
70,00 
50,00 
60,00 
30,00 
40,00 
10,00 
50,00 
60,00 
40,00 

90,00 
60,00 
70,00 
60,00 
60,00 
50,00 
80,00 
90,00 
70,00 
40,00 
70,00 
83,33 
33,33 
50,00 
83,33 
83,33 
83,33 
83,33 
33,33 
33,33 
83,33 
66,67 
66,67 

Fitting P-value 0,287817 0,0140561 

 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,00395793 and the Mood’s Median test in a P-

value of 0,0307504. Therefore these results indicate that there is a statistically significant difference 

between both result sets and therefore, the hypothesis H06.5 can be rejected with 95% confidence and 

there is a statistically significant difference between the percentage of correctly answered questions for 

the local questions on flattened and hierarchical models. The Box-and-Whisker plot of this analysis is the 

following:  
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This indicates that local questions are answered better statistically when they are asked about 

hierarchical models than flattened models. 

LOCAL QUESTIONS – MODEL A 

As with global questions, local questions can be analyzed on per model base as well. If we look at model 

A, we have the same null hypothesis as H06.5 except specifically for model A. 

H06.6: There is no difference in correctness for local questions made over a flattened or hierarchical 

version of model A. 

Grouping the percentage of correctly answered local questions over model A based on model version 

the following table comes out: 

 
Table 67: Local questions model A 

Local questions 

model A 

Group 1: 

Model A: flattened 

Group 2: 

Model A: hierarchical 

Local questions 0,00 
16,67 
50,00 
83,33 
50,00 
33,33 
83,33 
66,67 
33,33 
50,00 
33,33 
33,33 
66,67 

83,33 
33,33 
50,00 
83,33 
83,33 
83,33 
83,33 
33,33 
33,33 
83,33 
66,67 
66,67 

Flattened models

Hierarchical models

Box-and-Whisker Plot - Local questions

0 20 40 60 80 100

Percentage correct
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83,33 
66,67 
83,33 

Fitting P-value 0,171668 0,0027454 
 

Since for one of the result sets it can be rejected that it is normally distributed with 95% confidence, the 

Kruskal-Wallis and Mood’s Median tests are used to determine whether both sets differ statistically 

significant. The Kruskal-Wallis test results in a P-value of 0,17037 and the Mood’s Median test in a P-

value of 0,171854. Therefore this indicates that there is not a statistically significant difference between 

both result sets. Therefore, the hypothesis H06.6 can be accepted with 95% confidence and there is not 

a statistically significant difference between the percentage of correctly answered questions for the 

local questions on flattened and hierarchical versions of models B. The Box-and-Whisker plot of this 

analysis is the following: 

 

LOCAL QUESTIONS - MODEL B 

The same analysis as above with model A can be done for model A, which again has the same hypothesis 

as H06.5, except specifically for model B. 

H06.7: There is no difference in correctness for local questions made over a flattened or hierarchical 

version of model B. 

The next table lists the percentage of correctly answered local questions of model B: 

 
Table 68: Local questions model B 

Local questions 

model B 

Group 1: 

Model B: hierarchical 

Group 2: 

Model B: flattened 

Local questions 90,00 
40,00 

50,00 
50,00 

Flattened models

Hierarchical models

Box-and-Whisker Plot - Local questions model A

0 20 40 60 80 100

Percentage correct
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60,00 
60,00 
80,00 
90,00 
60,00 
70,00 
60,00 
60,00 
50,00 
80,00 
90,00 
70,00 
40,00 
70,00 

30,00 
70,00 
50,00 
60,00 
30,00 
40,00 
10,00 
50,00 
60,00 
40,00 

Fitting P-value 0,206732 0,523408 

 

Since it cannot be rejected for both result sets that they are normally distributed with 95% confidence, 

the ANOVA test is used to see whether there is a statistically significant difference between them. The 

ANOVA test has a resulting P-value of 0,0016, which indicates that there is a statistically significant 

difference between both result sets and thus H06.7 is rejected with 95% confidence. This means, 

together with the Box-and-Whisker plot below, that local questions of model B are made better when 

having the hierarchical version of the model. This supports the notion made above that local questions 

are made better with hierarchical versions of models. A Box-and-Whisker plot of the analysis shows the 

following: 

 

QUESTION SPECIFIC 

We can also look at question-specific differences. When checking the percentage of users that have the 

questions correct, we see the following table: 

 

Flattened models

Hierarchical models

Box-and-Whisker Plot - Local questions model B

0 20 40 60 80 100

Percentage correct
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Table 69: Question specific 

 Question Group 1 

Model A: flattened 

Model B: hierarchical 

Group 2 

Model A: hierarchical 

Model B: flattened 

Difference 

Model A 17 6,25% 0,00% 6,25% 

18 81,25% 66,67% 14,58% 

19 62,50% 83,33% 20,83% 

20 12,50% 25,00% 12,50% 

21 18,75% 16,67% 2,08% 

22 75,00% 83,33% 8,33% 

23 12,50% 25,00% 12,50% 

24 18,75% 16,67% 2,08% 

25 31,25% 58,33% 27,08% 

26 68,75% 58,33% 10,42% 

27 25,00% 0,00% 25,00% 

28 62,50% 75,00% 12,50% 

Model B 33 37,50% 8,33% 29,17% 

34 81,25% 33,33% 47,92% 

35 93,75% 75,00% 18,75% 

36 25,00% 16,67% 8,33% 

37 50,00% 50,00% 0,00% 

38 43,75% 66,67% 22,92% 

39 100,00% 25,00% 75,00% 

40 81,25% 33,33% 47,92% 

41 68,75% 58,33% 10,42% 

42 25,00% 0,00% 25,00% 

43 87,50% 83,33% 4,17% 

44 6,25% 0,00% 6,25% 

 

As can be seen, none of the questions for model A have a difference of over 40%. For model B, three 

questions have a difference of more than 40% - see highlighted cells in the table above - and for all 

three, group 1 answered them better. Group 1 is the group with model B in the hierarchical form. These 

questions are: 

� 34) On how many places in the process is it needed for the client to have identification with 

them? 

� 39) In case aftercare has ended, has there been an evaluation yet? 

� 40) On how many places in the process does the client have the ability to declare travel costs? 

 

While 34 and 40 seem to be global questions, the answer can be relatively easily found on the main 

process page and are therefore local questions. They are also content questions, as shown in the section 

that deals with that analysis of content and structure questions. The fact that they are local questions 

and that the answer is relatively easily found on the main page of the process model could be a reason 

why these questions are answered much better for the hierarchical version of the model than the 
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flattened version. Question 39 is a local and content question as well. On one subprocess of the model it 

can be seen relatively easy that there is first an evaluation before the aftercare starts. 

 

The question that is fourth on the list of questions with the biggest difference between the groups is 

question 33, again model B. The question is again a local question, though this time regarding the 

structure of the model. It asks to give the number of cycles in a part of the process. As the respondents 

first have to find this subprocess – or part of the whole process in case of the flattened version – and 

then answer a question regarding that part of the process it seems logical that the group which has the 

model in hierarchical form answers this question better. This is the case since they can find the 

subprocess in question easier than the respondents who received flattened model find the part of the 

process in question. 

 

The question that the second group answers much better than the first group is question number 25, a 

local content question. This question asks how often the company can request information from a 

doctor or specialist. The fact that the group with the hierarchical model answers this question better can 

be explained by the fact that asking information from specialists is a big subprocess listed on the first 

page of the imploded model. It has one incoming and one outgoing arrow and both are connected to 

the same activity. This means that the first page of the imploded model already indicates that they could 

ask information from a specialist an infinite amount of times. In the flattened  model it is more difficult 

to see, as the subprocess in question is exploded and has multiple arrows going back up in the same 

subprocess. On the other hand, this could also indicate that with the model including subprocesses one 

easily assumes that it is an infinite amount of times while with the flattened model one tries to 

investigate the process more though due to complexity gets confused easily. 

 

In conclusion, the question-specific analysis gives an indication that questions about local aspects of the 

model are answered far better by the group which has the hierarchical version of the model. This notion 

is supported by earlier analysis about local questions. 
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