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ABSTRACT 

Modern information systems record large quantities of data, which are stored in event logs. Process 

Mining offers a set of techniques for extracting knowledge and gaining data-based insights on business 

processes from event logs. In order to structurally use Process Mining techniques in process 

improvement projects, there are several Process Mining methodologies, where PM2 is the current state-

of-the-art.  

A traditional approach for process improvement is Six Sigma, which focuses on improving business 

processes by statistically quantifying process performance changes. Six Sigma process improvement 

projects often follow the Define-Measure-Analyze-Improve-Control (DMAIC) model. Process Mining 

can serve as an enabling technology to conduct the activities in the DMAIC model more effectively. 

However, there is currently no structured guideline on how to do so. 

This thesis introduces Process Mining for Six Sigma (PMSS), a guideline accompanied with tool support 

that enables Six Sigma practitioners to conduct their activities more effectively by using Process Mining 

techniques. PMSS has been developed and subsequently evaluated in close collaboration with both 

Process Mining and Six Sigma experts following the Design Science Research (DSR) approach. PMSS 

is based on the PM2 methodology which has been mapped to the individual phases of the DMAIC model. 

Finally, the additional tool support for PMSS makes it directly applicable in practice. PMSS has been 

validated by domain experts from both fields whom considered PMSS to be useful and easy to use.  
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1 INTRODUCTION 

Quality management helps companies to improve their business processes, their performance, and their 

competitiveness. The positive benefits of quality management have persuaded many companies to 

implement quality management systems and academics to examine the relationship between quality 

initiatives and performance [1]. This has led to several quality management strategies that are related to 

process improvement, e.g., Six Sigma, Total Quality Management (TQM), Continuous Process 

Improvement (CPI), and Corporate Performance Management (CPM) [2], [3]. According to [2], [3], 

Process Mining, which is an emerging research discipline that acts, on the one hand, between 

computational intelligence and data mining, and, on the other hand, between process modeling and 

analysis, can serve as an enabling technology for such management trends related to process 

improvement.  

Modern information systems and devices record and store large amounts of event data [4]. For instance, 

Enterprise Resource Planning (ERP) systems record business transaction events, a web servers log page 

visits, and high-tech systems, such as X-ray machines, record a myriad of events [5]. Such event data 

can be used to extract knowledge and gain interesting insights, providing a starting point for further 

analysis (e.g., the structure of the process or throughput time of cases). Process Mining offers a set of 

techniques to gain data-based insights and to conduct further analysis in order to support process 

improvements. Within Process Mining, three types of analysis are established [6]: process discovery 

which generates process models from event logs, conformance checking which measures how well the 

event log fits a given policy, and process enhancement which is about improving or extending an 

existing process model using event (meta-)data.  

One of the quality management strategies that has seen a huge increase in usage is Six Sigma. Six Sigma 

uses a set of quality principles and techniques to minimize the number of errors in a process [7]. It was 

originally developed and used by Motorola in the 1980’s and it has now branched out to many other 

sectors [8]. There is an abundance of research papers about the usage of Six Sigma in those other sectors, 

such as, healthcare [9], [10], construction [11]–[13], supply chain management [14]–[16], the public 

sector [17], and education [18]–[20]. 

The purpose of Six Sigma is to identify and remove errors in a business process and, thereby, the causes 

of business process’ variability. In order to do so, Six Sigma practitioners often use a performance 

improvement model known as ‘Define-Measure-Analyze-Improve-Control’ (DMAIC). The steps of the 

DMAIC model aim to define the goals of the improvement activity, measure the existing process, 

analyze it to identify improvement opportunities, and finally improve and control the system [7].  

Six Sigma focuses on improving business processes by statistically quantifying process performance 

changes. Data used for such analysis is typically collected manually, e.g., through surveys or 

observations, which makes Six Sigma quite a costly and time-consuming endeavor [7], [21]. Moreover, 

[21] stresses that Six Sigma rarely improves complete processes, but merely focuses on a specific step 

in the process, or on aggregate measures.  

Although there is research that shows how Process Mining can be used in combination with Six Sigma 

[22]–[25], there is a lack of a structured method providing guidance on how and when to use Process 

Mining techniques to more effectively perform Six Sigma related activities. That leads to the following 

research objective: 

To develop a method which supports organizations that adopt Six Sigma principles to perform 

related activities more effectively through the use of Process Mining techniques. 
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Accordingly, Process Mining for Six Sigma (PMSS) is developed in order to guide Six Sigma 

practitioners in the effective use of Process Mining techniques within their improvement projects. PMSS 

is designed using an existing Process Mining methodology called PM2 [26] as a basis. It guides 

organizations through the different stages of a process improvement project (e.g., data preparation, 

mining & analysis, etc.) and forms a direct mapping between the different phases of the DMAIC model 

and existing Process Mining techniques. Guidance on how these techniques can be used within each 

phase of the model and a tool implementation integrated into a commercial platform are provided 

accordingly. PMSS thus offers a mapping that enables Six Sigma practitioners to structurally use Process 

Mining techniques within their process improvement projects and therefore closes the gap between 

Process Mining and Six Sigma. 

Following the design science research methodology [27], [28], the initial version of PMSS was 

developed by taking already existing Process Mining methodologies found in literature as a basis. This 

version has been adapted based on the insights gathered from domain experts through semi-structured 

interviews. In addition, tool support has been developed to complement the guideline based on 

brainstorm sessions with Process Mining and visualization experts. The adapted version of PMSS and 

the tool support have been refined iteratively using a demonstration, a feedback session, and usability 

tests. The validity of the final version of PMSS and the tool support has been evaluated through a series 

of demonstration and validation sessions with both Process Mining and Six Sigma experts. The utility 

of PMSS has been assessed through a survey taken by the domain experts that participated in the 

demonstration and validation sessions. The evaluation shows that PMSS is considered to be useful as a 

guidance for organizations to more effectively perform Six Sigma activities with the use of Process 

Mining techniques. 

The remainder of this thesis is structured as follows; background information on Six Sigma and Process 

Mining, together with a study on related work and an assessment of the joint usage of Process Mining 

and Six Sigma can be found in Chapter 2. Chapter 3 presents the research design that was followed in 

order to develop, demonstrate, and evaluate PMSS. In Chapter 4, the final version of PMSS including 

the tool support is introduced and explained. The evaluation of PMSS through the means of the 

demonstration and validation sessions is discussed in Chapter 5 together with the results of the survey. 

Finally, Chapter 6 presents the conclusions and future research directions.
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2 BACKGROUND AND RELATED WORK 

This section introduces background literature and related work, which serves as the basis for the 

remainder of the thesis. Section 2.1 starts with a brief introduction to Six Sigma. Process Mining is 

introduced in Section 2.2. Next, Section 2.3 provides a discussion of the strengths and weaknesses of 

already existing Process Mining methodologies, where Subsection 2.3.2 contains the explanation of the 

one that fits best. Finally, Section 2.4 briefly presents the existing literature on how Process Mining can 

be used in organizations that adopt Six Sigma principles. 

2.1 SIX SIGMA 

The term Six Sigma refers to a set of tools, techniques, and methods which aim to improve the quality 

of processes within businesses [7]. Rather than simply observing processes, which is prone to 

subjectivity, measurements are made and the gathered data is analyzed with the help of statistical tools. 

These measurements are then used to find root causes for the problem can be found and improvement 

opportunities can be identified. Based on these improvement opportunities, the organization can act and 

eventually improve their processes.  

Six Sigma is developed and introduced by Motorola in the early 1980s and afterward adopted by many 

other companies [8]. In order to minimize the number of defects, which are cases that do not have the 

desired outcome, Six Sigma aims to improve business processes in such a way that the standard 

deviation of a process is so small that any value within six standard deviations of the mean can be 

considered as non-defective [6]. 

The σ in Six Sigma refers to the standard deviation of a normal distribution. Looking at a normal 

distribution, the percentage of values that lies within a standard deviation of the mean is given by the 

following formula. Here, X is an observation of a normally distributed variable, μ is the mean of the 

distribution, and σ is its standard deviation [29]:  

Pr(μ − σ ≤ X ≤ μ + σ) 

The values that lie within a single standard deviation of the mean belong to the one-sigma level. The 

two-sigma level looks at all the values that lie within two standard deviations of the mean, and so on 

until the six-sigma level. For a single standard deviation, the one-sigma level, the former formula yields 

approximately 68.27%. This means that 68.27% of the values lie within one standard deviation of the 

mean. In other words, for a random draw from a normal distribution with mean μ and standard deviation 

σ, the probability of this value lying within the interval [μ − σ, μ + σ] is 0.6827. To substantiate these 

numbers, the defects per million opportunities (DPMO) can be calculated using the following formula 

[29]:  

DPMO = 1,000,000 ⋅ Φ(σ) where 

Φ(σ) =
1

√2π
∫ e−t

2/2σ

−∞
 dt  

For the one-sigma level, the outcome is 317,310 DPMO. This shows that a process that runs at one-

sigma has less than 317,310 defective cases per million cases, which means that at least 68.27% of the 

cases are handled properly. Looking at these numbers from a quality point of view, it is desirable to 

reduce the number of defective cases and thereby increasing the percentage yield for a process. The 

higher the sigma level, the lower the DPMO. Motorola eventually settled on the six-sigma level for 

which the DPMO is as low as 3.4.  
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The formulae shown above can also be used for the six-sigma level and the levels in between. In 

literature, often a negative 1.5 sigma shift is taken into account to cope with long-term variations and 

decreasing quality [6], [7]. Taking into account this 1.5 sigma shift, Table 1 shows the different sigma 

levels with their corresponding percentage yields, as well as the number of defective cases per million 

cases. Notice that the table takes the 1.5 sigma shift into account, meaning that the percentage yield and 

the DPMO for the one-sigma level deviates from the values seen before. As can be seen in Table 1, a 

process that runs at six-sigma has at least 99.99966% of the cases handled correctly, meaning that the 

DPMO is merely 3.4.  

Table 1: Sigma levels with corresponding yield, DPMO 

Sigma Level Sigma Level (with shift) Percentage Yield DPMO 

One-sigma -0.5 31% 691,462.0 

Two-sigma 0.5 69% 308,538.0 

Three-sigma 1.5 93.3% 66,807.0 

Four-sigma 2.5 99.38% 6,210.0 

Five-sigma 3.5 99.977% 233.0 

Six-sigma 4.5 99.99966% 3.4 

In order to minimize the sigma of a process to such an extent that the process runs at six-sigma, Six 

Sigma practitioners can use a myriad of tools and techniques. However, these tools and techniques are 

applied within simple performance improvement models (e.g., DMAIC, DMADV). The one that is used 

most frequently is known as Define-Measure-Analyze-Improve-Control [7], or DMAIC, which is 

discussed in Section 2.1.1. 

2.1.1 DMAIC 

The tools of Six Sigma are most often applied within a simple performance improvement model known 

as the Define-Measure-Analyze-Improve-Control model [7], or DMAIC. The individual stages of the 

DMAIC model are explained below. 

Define the goal(s) of the improvement. Goals can be described at different levels. At a strategic level, 

goals could be to increase market share or employee satisfaction. The decrease of the throughput time 

of a production line may be a goal at an operational level. At a project level, goals may range from 

reducing the number of defects in a particular process to increasing its throughput. In order to obtain 

such goals, communication with customers, shareholders, and employees is necessary. Besides defining 

the objectives, a specific problem in a particular process is selected. Lastly, a project team is composed.   

Measure the existing process. Valid and reliable metrics need to be established in order to monitor the 

goals determined in the previous phase of the DMAIC model. Notice that this may be more challenging 

for some goals (e.g., employee satisfaction) than for others (e.g., number of defects). This is a step which 

became way easier when compared to the early days of Total Quality Management (TQM). Formerly, 

someone would have to go into the manufacturing hall and time all activities or count all defects on the 

conveyer belt. This information is now often readily available (assumed that there is an underlying 

information system). Hence, in the Measure phase, a baseline gets established on how the process 

currently performs, data is gathered and processed in such a way that it can be analyzed in the next 

phase. 

Analyze the process to identify improvement opportunities. At this point, the performance of the process 

is studied based on the data gathered in the previous phase and it is compared to the desired goals 

established in the Define phase. Alongside that, it is possible to visually display the data to gain more 
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insights. By doing so, improvement opportunities could arise indicating how the process could be 

improved. This phase includes the usage of statistical tools to guide the analysis. 

Improve the process. Out of all the improvement opportunities found in the Analyze phase, the most 

promising are chosen to be implemented. This execution includes the use of project management, 

planning, and management tools. Several statistical methods can be used once again, this time to verify 

the improvement. 

Control the new, adapted process. The same statistical techniques can be used at this phase, but this 

time to monitor the stability of the improved process. Ideally, the process would continually be improved 

and expanded. Furthermore, the newly gained knowledge should be shared and policies, procedures, or 

operating instructions which are affected by the improved process should be updated. 

Figure A-1 in Appendix A shows the steps which are typical for the use of the DMAIC model on a Six 

Sigma project. Each block holds the steps which give an indication of what should be done in each phase 

of the DMAIC model. Notice that this figure reflects the outline of the different phases given earlier.  

2.1.2 LEAN SIX SIGMA 

Six Sigma is often also referred to as Lean Six Sigma. However, they are two different quality 

management strategies. Lean Six Sigma combines the constructs of Six Sigma with those of Lean. The 

main goal of Lean is to reduce three different types of waste: muda, muri, and mura [30]. Muri is defined 

as unreasonable burden on people or machines, while mura is defined as uneven workloads on people 

or machines. Muda encompasses all other forms of waste in a project, which can be categorized as 

defects, overproduction, waiting, non-utilized talent, transportation, inventory, motion, and extra-

processing. For a more elaborate discussion about the three types of lean waste, the reader is referred to 

[31]. Lean Six Sigma focuses on eliminating all categories of muda waste [32] whilst Six Sigma focuses 

only on eliminating the number of defects. Hence, Six Sigma can be seen as a subset of Lean Six Sigma.1  

2.2 PROCESS MINING 

Process Mining emerged as a research discipline which encompasses multiple techniques for an 

organization to gain data-based insights into their processes and to support process improvements. 

Process Mining offers multiple techniques to make data-driven decisions, to analyze business processes, 

and to support process improvements. Within Process Mining, three types of analysis are established 

[6]: Process discovery which extracts a process model from event logs, conformance checking, which 

shows how well the event log fits a given process model, and process enhancement, which is about 

improving or extending an existing process model using event (meta-)data. 

The starting point for Process Mining is an event log. Figure B-1 in Appendix B shows a snippet from 

a typical event log. The event log holds information for different activities. Each event refers to an 

activity (i.e., a defined step in a process) which took place at a particular time, and is related to a 

particular case (i.e., process instance) [3]. Besides information about the event, the case, and the time 

when that event occurred, additional information can be stored in the event log as well. Such data may 

be in the form of a resource (e.g., person or device) executing the activity, or data elements such as cost 

[3], [6].  

                                                      
1 If the guideline was to be marketed for Lean Six Sigma, traditional Six Sigma organizations may think that it is 

not applicable for them. Therefore, the guideline is created for Six Sigma, such that it can be used both in 

organizations that adopt Six Sigma, as well as in organizations that adopt Lean Six Sigma. 
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Figure B-2 in Appendix B shows the positioning of the aforementioned three main types of Process 

Mining techniques. Process Mining is operating between event logs on the one hand and process models 

on the other hand. An information system controls real-world business processes and records events 

which are stored in the event logs. Process Mining is then able to provide and analyze process models 

which are a fact-based representation of those real-world business processes.  

Process discovery takes as input an event log which contains information about a business process and 

is able to generate a process model. From the event log, a sequentially ordered process model can be 

constructed. There exist many different techniques for extracting a process model from raw event data 

[33]. An example is the Inductive algorithm, which discovers a set of sound block-structured process  

models from any given event log [34]. For a more complete overview of different process discovery 

techniques, the reader is referred to [35]. Process discovery techniques can be used to generate the 

structure of the process, to find out the routing probabilities, to determine the most frequent path in the 

process, and to discover the distribution of cases over paths [36]. 

Conformance checking compares a designed process model with the corresponding event log. This 

comparison shows where the assumed process model deviates from the real-world process as retrieved 

from the event logs [33]. In order to locate and explain these deviations and to measure their severity 

business knowledge needs to be taken into account [37]. Typical conformance checking use cases are 

finding exceptions from the normal path, determine the degree to which the business rules and 

regulations are obeyed, and measure the compliance to the reference model [36].  

Enhancement extends or improves an existing process model with additional information about the 

process present in the event log. Where conformance checking is limited to measuring the alignment of 

the process and the event log, the goal of enhancement is to improve or extend the process to gain 

additional insights [3]. For instance, Process Mining tools can extend a model to show bottlenecks, 

service levels, throughput times, and frequencies [3], [6], [33]. According to [36], with enhancement, it 

is possible to look at Process Mining use cases from different perspectives: The organizational (e.g., 

resources per task, handover-of-work, or resources involved in a case), the time (e.g., throughput time 

of cases, slowest activities, or longest waiting time), and the case perspective (e.g., determine business 

rules). 

In order to structurally implement the different types of Process Mining in a process improvement 

project, several researchers established Process Mining methodologies. A discussion about these can be 

found in the next section. 

2.3 PROCESS MINING METHODOLOGIES COMPARISON 

In the past few years, researchers have sought to provide guidance regarding the usage of the Process 

Mining techniques. Literature provides six Process Mining methodologies: The Process Diagnostics 

Method (PDM) [38], the Methodology for Business Process Analysis (BPA) in Healthcare (BPA-H) 

[39], the Process Mining Methodology for Emergency Room Processes (PMMERP) [40], the Process 

Mining Project Methodology (PMPM) [41], the life-cycle model (L*) [6], and Process Mining Project 

Methodology (PM2) [26]. 

From these existing methodologies, the one that suits the need for this thesis best is selected in 

Subsection 2.3.1. A brief explanation of this selected methodology is provided in Subsection 2.3.2. 
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2.3.1 PROCESS MINING METHODOLOGY SELECTION 

The six methodologies mentioned above have strong and weak points. In assessing the usability of the 

methodologies for this research, a number of these points are taken into account. These points originate 

from the discussions in [26], [41], [42]. According to [26], [42], purely data-driven methodologies are 

less applicable to larger, more complex projects because there is a lack of domain knowledge. Therefore, 

it is determined whether the methodologies are data or business driven. Furthermore, [41] stresses that 

when a methodology is designed for very specific processes (i.e., BPA-H is specifically focused on 

healthcare projects), it may be hard to generalize its concepts and make it process independent. Lastly, 

according to [26], [42], for the Process Mining case studies they conducted to succeed, iterative analysis 

proved to be vital. Therefore, it has been established whether or not the methodologies are iterative. 

Table 2 shows a summary of the findings. 

Table 2: Process Mining Methodology Comparison (green is desirable, red is undesirable) 

Methodology Driven By Process Independent Iterative 

PDM data yes no 

BPA-H data no no 

PMMERP business no yes 

PMPM business yes no 

L* business no yes 

PM2 business yes yes 

PDM is a fairly easy methodology and can be used to quickly provide a broad overview of a process. 

However, its scope is limited, covering only a small number of Process Mining techniques [26]. 

Furthermore, it does not take the business into account since it purely aims at discovering knowledge 

from data [38], [41]. PDM is process independent and, therefore, it can be applied to different types of 

processes. Lastly, PDM does not support iterative analysis, which was said to be vital for Process Mining 

projects to succeed by [26], [42]. 

BPA-H is actually based on PDM and its strengths and weaknesses are comparable. However, since it 

is highly focused specifically on healthcare projects, it is even more undesirable since it may be hard to 

generalize its concepts for other types of processes that are unrelated to healthcare. Therefore, it is better 

to use a methodology that is already process independent. BPA-H is data-driven, process-specific, and 

noniterative.  

PMMERP is even more specialized for healthcare projects than BPA-H since it is specifically designed 

for emergency rooms. The same reasoning holds as for BPA-H. Although it may be hard, its concepts 

can be generalized such that PMMERP becomes process independent. Strong points of PMMERP are 

that it does take domain knowledge into account and that the model supports iterative analysis. 

PMPM is a Process Mining methodology that is process independent. It covers, more explicitly, the 

Process Mining techniques than the former methodologies. However, it is a fairly linear framework 

which does not seem to support iterative analysis. Just as for PMMERP, it does take the business into 

account in order to be able to incorporate domain knowledge. 

The L* methodology describes the life-cycle of a Process Mining project that aims to improve structured 

processes [6]. It is possible in the L* methodology to repeat earlier steps in the methodology. However, 

it does not explicitly encourage iterative analysis [26]. It is not only data-driven but it also takes business 

value into account. Lastly, as mentioned, L* is specifically designed for structured processes. Since not 

all processes are structured, L* is classified as process dependent. Furthermore, L* presumes that a 

Process Mining project should always start with a control-flow analysis before looking at the other 
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perspectives. This is a questionable assumption since a project could very well start with analyzing the 

organizational or time perspective.   

The last Process Mining methodology that is taken into account is PM2. It has been created as an 

improvement on PDM and L* [26] and the creator of L* even acknowledges that PM2 serves as a 

refinement of L* [6]. PM2 is process independent, has a dedicated business layer, and supports iterative 

analysis. Therefore, PM2 has been chosen to serve as the basis for the guideline to be developed in this 

thesis. PM2 is discussed in more detail in the next subsection. A brief explanation of the other 

methodologies can be found in Appendix C.  

2.3.2 PROCESS MINING PROJECT METHODOLOGY (PM2) 

PM2 is designed to structure a Process Mining project such that it is possible to improve process 

performance and check compliance to a certain policy [26]. A graphical overview of the PM2 

methodology can be found in Figure 1. 

The first phase of the methodology is initialization and consists of planning (#1) and data extraction 

(#2). In planning, research questions are defined. Once these are defined, the next step is to extract event 

data from the available information systems.  

After the initialization phase, there is an analysis phase which can be carried out multiple times. The 

analysis phase is an iterative part. An analysis iteration consists of data processing (#3), mining and 

analysis (#4), and evaluation (#5). It focuses on answering the research question(s) defined in the 

initialization phase [26]. The first step is data processing in which the event data gets filtered and 

enriched in order to output event logs. Once there are clean event logs, the next step is mining and 

analysis. In mining and analysis, it is possible to use the Process Mining techniques mentioned in section 

2.2 to look for compliance and performance findings. These compliance and performance findings serve 

as input for evaluation where the output is concrete improvement suggestions.  

After one or more iterations, the results can be used for process improvement and support (#6), which 

is the final step of the methodology. PM2 also specifies when business experts should assist in the project 

in order to extract domain knowledge from the business.  

 

Figure 1: The phases of PM2 [26] 
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2.4 USING PROCESS MINING WITH SIX SIGMA 

According to, [3], [6], [33], Process Mining can serve as an enabling technology for management 

strategies related to process improvement such as Six Sigma, Total Quality Management, Continuous 

Process Improvement, and Corporate Performance Management. In this section, a closer look is taken 

at the current research on how to use Process Mining techniques in combination with Six Sigma. 

Currently, there is only a single academic paper on how Process Mining can be used within a Six Sigma 

deployment [22]. Additionally, there are two master theses [23], [24] and an online blog post [25] 

dedicated to this subject. Those four sources present insights on how Process Mining can be related to 

the different phases of the DMAIC model. For example, in the Define phase, process discovery can be 

used to find out the structure of the process or a look can be taken at the time perspective to get a sense 

of the throughput time of the process. Based on these insights, it may be easier to actually establish the 

problem and define the research goal(s).  

Similar insights are provided for the other phases of the DMAIC model. However, the research is limited 

to showing that it is possible to complement the DMAIC model with Process Mining techniques. The 

most valuable finding is that a case study in [22] shows that with the use of Process Mining techniques 

in the DMAIC model, a complete rundown improved from 9-12 weeks to 4-6 weeks. None of the 

publications present a method that Six Sigma practitioners can use so that they know when and how to 

use Process Mining techniques. This thesis aims to present a structured guideline on when to use which 

Process Mining techniques within each phase of the DMAIC model. 
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3 RESEARCH DESIGN 

This chapter discusses the research design used for this thesis. It starts with a discussion of Design 

Science Research (DSR) and a summary of the research design followed in this thesis. This is presented 

in Section 3.1. The main research steps are discussed in Section 3.2 where each subsection elaborates 

on one of them. 

3.1 DESIGN SCIENCE RESEARCH 

The main goal of this thesis is to develop a new artifact which supports Six Sigma practitioners to 

perform their activities more effectively through the use of Process Mining techniques. This artifact is 

referred to as Process Mining for Six Sigma (PMSS) and consists of three parts: a high-level graphical 

overview, explanatory text in the form of tables, and tool support. The DSR methodology is well-suited 

for studies that aim to develop and evaluate such artifacts [27], [43]. The steps of DSR are as follows: 

identifying the problem, defining the objectives (i.e., requirements), designing and developing an artifact 

(in this case PMSS), demonstrating the artifact in a suitable context, and, finally, evaluating and 

communicating the demonstrated artifact [27], [44]. A graphical representation of the steps in DSR has 

been retrieved from [27] and can be found in Figure 2. 

  

Figure 2: The Design Science Research Process 

The process that was used for developing PMSS can be found in Figure 3. A literature study of existing 

Process Mining methodologies and the use of Process Mining with Six Sigma was conducted to identify 

the problem (step 1). After that, the requirements of the solution were defined (step 2). These 

requirements are driven by the literature study and the identified problem. An initial version of PMSS 

was developed based on these requirements and insights gained from the review of existing literature 

(step 3).  

Through interviews, feedback on the initial and intermediate versions of PMSS has been retrieved (step 

4), which was later used to iteratively adapt the guideline (step 5). Besides adapting the guideline, tool 

support has been developed for PMSS. Tool support has been created for the ProcessGold2 application 

(step 6). The input for the design decisions regarding this tool support came from the interviews, as well 

as from brainstorm sessions (step 7). 

The adapted version of the guideline, together with the tool support, was demonstrated. Feedback was 

gathered to further enhance PMSS (step 8). The guideline and the tool support have been enhanced 

accordingly (step 9). Afterward, usability tests were organized in order to gain more feedback on the 

guideline and the current tool support (step 10). Based on the intel gathered, PMSS was finalized (step 

11). 

                                                      
2 The prototype has been created for the ProcessGold application since that is the company at which the graduation 

project takes place. http://processgold.com/en/ 

http://processgold.com/en/
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Figure 3: Research Process 

After having a finalized version of PMSS, it has been demonstrated to both Six Sigma and Process 

Mining experts. After the demonstration, the experts were interviewed in order to validate PMSS (step 

12). To evaluate the utility of PMSS, i.e., how useful and easy-to-use the practitioners consider the 

artifact is, they were asked to participate in a survey that involves Technology Acceptance Model (TAM) 

constructs (step 13). The interviews and the usability tests took place during the construction of PMSS. 

Therefore, they were ex-ante evaluations; that is they involved the assessment of an uninstantiated 

artifact to show its potential [45], [46]. The validation interviews and the surveys took place after the 

guideline was developed; thus, they were ex-post evaluations [45]. During the study, the artifact was not 

deployed in a naturalistic setting but was demonstrated to experts and potential users using a realistic 

use case. Therefore, it can be seen as an artificial ex-post evaluation [46].  

3.2 MAIN RESEARCH STEPS 

3.2.1 PROBLEM IDENTIFICATION 

By looking at the background of Process Mining, Six Sigma, and the combination of the two, together 

with related work, it became clear that Process Mining can be used to improve the efficiency of the 

DMAIC cycle. However, a dedicated guideline on how to use Process Mining in combination with Six 

Sigma is missing in the existing literature. This emphasized the research gap and drove the formulation 

of the research objective as to develop a method that shows how Six Sigma activities can be performed 

more effectively with the help of Process Mining techniques. The fact that there is no dedicated guideline 

on how to do so recognizes the research gap. Therefore, this thesis presents PMSS to bridge the gap 

between Process Mining and Six Sigma.  
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3.2.2 DEFINE REQUIREMENTS OF THE SOLUTION 

To fill the research gap and provide a guideline that can help Six Sigma practitioners to more effectively 

go through the phases of the DMAIC model with the help of Process Mining techniques, requirements 

have been established. Since the DMAIC model is often used in improvement projects by Six Sigma 

practitioners [7], the guideline should focus on which Process Mining techniques to use within each 

phase of the DMAIC model. Furthermore, the activities that can be taken within each step in PMSS are 

explained in order to truly guide practitioners through the project. Thereby, the following requirements 

are specified: 

R1 PMSS shall be aligned with DMAIC and show where in the model Process Mining 

techniques can be used. 

R2 The activities that can be taken within each step of PMSS shall be thoroughly explained.  

In order to effectively use the Process Mining techniques in each phase, the flow of the guideline should 

be based on a Process Mining methodology specifically constructed to do so. The already existing 

Process Mining methodologies are classified based on three characteristics. The guideline should be 

business-driven to support larger, more complex projects where there is a lack of domain knowledge 

[42]. It should be process independent in order to be applicable to any setting [41]. Furthermore, it 

should support iterative analysis [26], [42]. PMSS should, therefore, adhere to these same 

characteristics. The following requirements are constructed: 

 R3 The flow of PMSS shall be based on a Process Mining methodology. 

R4 PMSS shall take business knowledge into account. 

R5 PMSS shall be process independent. 

R6 PMSS shall support iterative analysis.  

Furthermore, since Six Sigma practitioners will use Process Mining techniques in order to complement 

their DMAIC model, complementary tool support to the guideline would be useful in order to make it 

possible for these practitioners to more easily use the Process Mining techniques they consider 

applicable. Having all functionality within a single platform should reduce its complexity [47] and thus 

make it easier for Six Sigma practitioners to use Process Mining. Additionally, having a single platform 

saves time and increases productivity [47]. Therefore, the following requirement has been established: 

R7 PMSS shall include complementary tool support which enables Six Sigma practitioners 

to use the available Process Mining techniques within a single platform. 

3.2.3 DEVELOP THE INITIAL VERSION OF PMSS 

From the comparison of the already existing Process Mining methodologies (as discussed in section 

2.3), PM2 was determined to be the most suitable to address the main objective of this research. It is 

developed as an improvement on former Process Mining methodologies [6], [26]. PM2 is process-

independent, it has a dedicated business layer, and is explicitly made iterative. Therefore, it has been 

chosen to serve as the basis for PMSS.  

For the initial version of PMSS, the stages of PM2 have been mapped to the phases of the DMAIC 

model. The Define phase is mapped to the planning stage of PM2, as well as to the analysis iteration so 

that it is possible to already take a brief exploratory look at the data in this phase. The purpose of looking 
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at the data this early in the project is to get initial data-driven insights. The Measure phase corresponds 

to the extraction and data processing stages of PM2. Next, the analysis iteration block of PM2 is linked 

to the Analyze phase. The sixth and last stage of PM2, Process Improvement and Support, has been split 

up in order to map process improvement to the Improve phase, and support (monitoring and evaluation) 

to the Control phase. 

Based on this mapping from PM2 to the DMAIC model, a first draft of the guideline was derived (Figure 

D-1 in Appendix D). This draft served as starting point for an iterative process towards the initial version 

of PMSS. Improvements and changes were made to the draft based on the feedback of Process Mining 

and Six Sigma experts, as well as from academics with whom the guideline was discussed. The different 

iterations that the guideline went through can be found in Appendix D. Eventually, the version that is 

presented in Figure D-4 in Appendix D served as the initial version used in the interviews. As mentioned, 

an explanation of the final version of PMSS can be found in Chapter 4. 

3.2.4 INTERVIEWS 

In order to (ex-ante) evaluate the initial version of the guideline, interviews have been conducted to 

show its potential. In total, twelve interviews have been conducted. Nine of those were with Process 

Mining experts, two of them with academics, and one with two Six Sigma experts. The average number 

of years of experience of these experts were six years (max 12, min 2 years) for Process mining experts, 

and three years for Six Sigma experts (max 12, min 1 year). Notice that a couple of the experts have 

experience in both fields. The interviews were semi-structured, meaning that they consisted of a number 

of predefined questions and room to deviate from these questions to have discussions.  

Because of the different background of the interviewees, separate question sets have been developed for 

the Process Mining experts and the Six Sigma experts. Because the academics were more experienced 

with Process Mining than with Six Sigma, they got asked the same questions as the Process Mining 

experts. These questions have been validated by an academician with expertise both in the business 

process management field and in the application of qualitative research methods. The questions can be 

found in Appendix E1 and Appendix E2, for the Process Mining experts and the Six Sigma experts, 

respectively.  

In establishing the interviews, it was important to make sure that each question had a clear goal. To start, 

it was important to establish if the interviewee had knowledge of Process Mining and/or Six Sigma. 

Handouts were prepared to show to the interviewee in case the interviewee was not familiar with either 

of them. These handouts can be found in Appendix E5 and Appendix E6. Additionally, to find out which 

Process Mining techniques the interviewee would use in the different phases of the DMAIC model, a 

use case was presented. With the help of the use case, the interviewees were able to answer specifically 

how they would (want to) use Process Mining in each phase of the DMAIC model. These use cases can 

be found in Appendix E3 and Appendix E4. The last part of the interview consisted of a presentation of 

the initial version of the guideline (Figure D-4 in Appendix D) and questions about its usefulness, 

correctness, granularity, and, finally, its completeness.  

In order to capture perceptions from both the Process Mining and the Six Sigma side, interviewees have 

been selected such that they are an expert in at least one of the two fields. Furthermore, the Process 

Mining experts have been distinguished with respect to their organizational roles and responsibilities. 

Interviewing with a group that has a wide coverage of expertise in related topics enhances the internal 

validity of the semi-structured interviews [48], [49]. An overview of the classes of interviewees can be 

found below together with anonymized identifiers. All interviews were transcribed and the interviewees 
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were asked to verify the contents of the transcript. All interviewees verified that the transcripts were 

correct. These transcripts can be found in Appendix G, with the same identifiers. 

- Process Mining Developers  (PMD1 and PMD2) 

- Process Mining Salesperson  (PMS1 and PMS2) 

- Process Mining Consultants  (PMCon1, PMCon2, and PMCon3) 

- Process Mining C-Level  (PMC1 and PMC2) 

- Six Sigma Experts   (SSE1 and SSE2) 

- Academics    (ACA1 and ACA2) 

In order to process the results and findings of the interviews, a coding scheme has been established. A 

code has been created for each question and, from the answer that was given, a classification has been 

made for that code. If the transcript does not provide an answer to one of the questions, it is classified 

as not answered or not asked, which is abbreviated as N.A. There are code classifications which are as 

simple as yes or no. For example, when the interviewee was asked whether he or she is familiar with 

Six Sigma, the answer can be classified as either yes or no. The most valuable part of the coding is the 

mapping matrix, which has been created based on the questions aiming at finding out which Process 

Mining techniques the interviewees would want to use in each phase of the DMAIC model. Having this 

coding scheme enabled us to see the core information provided by each interviewee and provided a 

quantified view of the results of the interviews. The coding of the interviews can be found in Appendix 

F.  

PMSS has been adapted based on the feedback retrieved from the interviews. Additionally, the 

interviews served as a starting point for the design and development of the tool support.  

3.2.5 DESIGN AND DEVELOP TOOL SUPPORT 

Based on the interviews, the Process Mining techniques that can be used in each of the phases of the 

DMAIC model has been derived. Table F-4 in Appendix F shows this categorization. In order to come 

up with a design for the tool support that covers the input from the interviewees, brainstorm sessions 

with Process Mining/data visualization experts have been conducted. Brainstorming has been selected 

because it can be used to generate ideas, find solutions to specific problems, and support conceptual 

design by generating ideas for user interface architecture [50], which is exactly what was needed at this 

point in the research work. 

The brainstorm sessions were conducted together with two Process Mining/data visualization experts. 

The most experienced expert had twelve years of experience in Process Mining and seventeen years in 

data visualization. The least experienced expert has four years of experience in data visualization and 

two years in Process Mining. Together with them, we determined in which way the Process Mining 

techniques can be used in the tool support that accompanies the guideline. The main inputs for these 

sessions constituted the results of the interviews and literature.  

For example, the goal of the Define phase is to set up the project and determine research goals and 

research questions. According to the interviewees, the process discovery can be used to find out what 

the problem is and where in the process it originates from. This points out that a discovered process 

graph would be useful to present in the tool support for the Define phase. It is known that for a Process 

Mining project, often one of the following two goals is chosen [26]: Improving the performance of a 

business process, or checking its compliance with respect to certain rules and regulations. Assuming 

that the organization wants to look at the performance of a business process, they could look at certain 

performance metrics (e.g., total/average processing time, or total costs) to see if there are, for example, 
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certain cases which contribute more to these metrics than others. Additionally, it can occur that certain 

events or resources contribute highly to the selected performance metrics. Then, it may be of importance 

to look at the resource perspective as well to see if certain activities or resources are problematic. A draft 

of this dashboard can be found in Figure 4. 

 

Figure 4: Prototype draft for the Define phase 

Through such reasonings, we determined the elements that should or could be present in the tool support 

for each phase. Accordingly, a prototype tool has been developed using the ProcessGold platform. The 

ProcessGold platform is an enterprise solution for Process Mining and can be used to develop web-

based Process Mining applications. It has been selected because of its unique ability to add tags to cases 

in order to group the cases on certain relevant properties. This is discussed more explicitly in section 

4.3. However, the developed guideline and related concepts are general and can act as a basis for the 

implementation of another tool. The other draft versions of the dashboard elements belonging to this 

prototype tool are available in Appendix H. 

3.2.6 DEMONSTRATION AND FEEDBACK SESSION WITH EXPERTS 

The adapted high-level visual overview (Figure D-5 in Appendix D), its explanatory text, and a part of 

the prototype tool were demonstrated in a focus group setting to a group of 24 experts. Two of the 

experts were academics, while the others were Process Mining/data visualization experts ranging in 

different organizational roles and responsibilities (e.g., Process Mining developers, salespersons,  

consultants, or C-level). This session was conducted to gather feedback about how the guideline and the 

prototype tool can be improved. Based on this feedback, PMSS and the tool support were enhanced.  
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3.2.7 USABILITY TESTS 

To assess the usability of the guideline and the tool support, usability tests have been conducted with 

twelve experts. Five experts were Six Sigma black belts, while the others were Process Mining experts. 

The average number of years of experience of these experts were seven years (max 17, min 2 years) for 

Process mining experts, and four years for Six Sigma experts (max 14, min 1 year). For the testing, 

informal usability tests were chosen as they are suitable for small-scale prototypical implementations 

[51]. Based on these findings, its usability can be assessed. In individual sessions, the enhanced version 

of the guideline together with the tool support was presented to the experts by going through an example 

use case. The experts provided feedback on the elements of the guideline and the tool support and 

elaborated on its usability. 

PMSS and the tool support have been finalized according to the findings and feedback from the usability 

tests. The final version of PMSS is presented in Chapter 4, while the intermediate versions are available 

in Appendix D. 
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4 PMSS AND ITS TOOL SUPPORT 

This chapter presents the final version of PMSS resulting from the literature study, the interviews, the 

demonstration, the brainstorm sessions, and the usability tests. Earlier iterations of the guideline can be 

found in Appendix D. Section 4.1 presents an overview of PMSS and its elements. Section 4.2 elaborates 

on the content of PMSS and presents the activities that need to be taken for each guideline steps. Lastly, 

Section 4.3 discusses the tool support.  

4.1 ELEMENTS OF PMSS 

 

Figure 5: Process Mining for Six Sigma 
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A graphical representation of PMSS is shown in Figure 5. The main flow is from top to bottom through 

the model on the left side of the diagram. The right side serves as a legend for the activities found in the 

main flow. The gray blocks indicate the steps that are taken in order to conduct a process improvement 

project. As mentioned before, these blocks are based on the PM2 methodology presented in [26] (this 

ensures that the requirement R3 as described in section 3.2.2 is satisfied). The goal is to show how and 

where Process Mining techniques can be used to more effectively perform Six Sigma activities. To do 

so, the steps of PMSS have been aligned with the phases of the DMAIC model (requirement R1 

satisfied). However, as a result, the steps no longer flow in the same order as in PM2. 

PMSS consists of eight steps in the main flow: Planning, preliminary data preparation, exploratory 

mining & analysis, data preparation, explanatory mining & analysis, process improvement, monitoring, 

and evaluation. The guideline contains a resource layer showing the roles that act as the leading role for 

each step because a resource with said role is deemed most important at that point in the project. A 

distinction has been made between three types of roles: Data analysts, process analysts, and business 

users (check the legend on the top right). A data analyst collects, processes, and uses data. The process 

analyst is an IT professional specialized in analyzing business processes and workflows with the 

objective of finding opportunities for improvement. The business user is an aggregate role representing, 

for instance, the project owner, project leader, or change manager. The project owner is the person 

responsible for the process that is going to be improved. The project leader is the person that leads the 

improvement project. Lastly, the change manager is the person responsible for the successful 

implementation of the improvements. Because each step has certain activities that are better performed 

by one role than by another, there is a dedicated leading role (i.e., responsible) for each step. However, 

it is important to notice that, although each step is associated with a single role, the work at each of these 

steps requires a team with members from all these roles closely collaborating and making use of the 

expertise brought by each one of them.  

Define Phase 

There are three steps that must be taken in the Define phase. The first step is planning, where the business 

goals and questions are identified. Furthermore, the business processes that will be analyzed are selected 

and a project team is established. In order to identify the proper business questions and accompanying 

business goals, preliminary data preparation should be performed, such that a brief overview of the 

process can be gathered on the event data in the exploratory mining & analysis step. Furthermore, 

domain knowledge is needed to ensure that the right problem is addressed [Appendix G4, G5].3 

Therefore, a project owner (business user) is the leading role for the planning step (requirement R4 

satisfied). While composing the project team, it is important to keep the roles of the resources in mind 

since all roles are required throughout the project [Appendix G5]. Before looking at the event data, it is 

important to have a clear goal and business questions. If there is no clear orientation for the improvement 

project, it is likely to fail [Appendix G7, G10].  

The cyan outline of preliminary data preparation, accompanied with the plus-sign, indicates that it can 

be found in the legend of the diagram, where it is denoted as data preparation. It contains the activities 

that can be conducted within the (preliminary) data preparation step and it can be seen as a subprocess 

of the main flow at the left side. In the preliminary data preparation, the data from the selected 

information systems and processes is extracted in order to get a clean, filtered, and enriched event log. 

Beside the event log, an audit trail of the changes made to the data in the data processing step should be 

created, as well as a description of the data types [Appendix J2]. After that, the data loaded into the 

                                                      
3 If a statement in this thesis is backed up by one of the interviews, it has been cited in the following way: 

[Appendix XX] where XX stands for number of the appendix in which the transcript of the interview can be found. 
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Process Mining tool should be verified to check if it is correct and rightfully depicts the actual process. 

Preliminary data extraction, data processing, and data verification should happen in order. The goal of 

this step is to create initial clean event logs such that a process model can be discovered in the 

exploratory mining & analysis step on this basic event data. The leading role should be a data analyst 

[Appendix G8].  

When the preliminary data preparation step is conducted, the exploratory mining & analysis step can 

commence. The activities that can take place in this step are shown in the legend; this time denoted by 

the purple outlined block titled mining & analysis. This block contains the main Process Mining 

techniques discussed earlier: Process discovery, conformance checking, and process analysis. The latter 

encompasses process enhancement. Besides process enhancement, process analysis covers statistical 

methods and techniques which are often used within Six Sigma initiatives to support traditional analysis 

alongside Process Mining (e.g., Pareto analysis, histograms, or descriptive statistics [7]).The importance 

of traditional process analysis alongside Process Mining is stressed by multiple publications within the 

field of Process Mining in which process analysis makes up for a large share of the actual reasoning 

[52]–[55]. Notice that there is no ordering in process discovery, conformance checking, and process 

analysis. The goal in exploratory mining & analysis is to identify the problem. Furthermore, it should 

become clear what additional information should be extracted from the information systems in the data 

preparation step. The arrow that returns from this step to planning indicates that the insights gained 

from the exploratory look at the data can serve as input for establishing the business goals. The process 

analyst ensures that the activities in the step are properly carried out [26]. These three steps, planning, 

preliminary data preparation, and exploratory mining & analysis can be conducted iteratively until the 

business goals for the improvement project are defined. Once these are established, the data preparation 

step in the Measure phase can start. 

Measure Phase 

One of the deliverables of the previous step is additional information that should be extracted from the 

information systems in order to conduct further analysis. This happens in the data preparation step 

which is linked to the Measure phase. In this phase, relevant data and metrics are retrieved, a baseline 

is established, and it is determined how the process is currently performing. Data preparation has a cyan 

outline and, once again, this means that the activities that can be taken in this step are shown in the 

legend. As explained earlier, in order to do so, the additional event data should be extracted from the 

information systems to process it in order to get a clean, filtered, and enriched event log before verifying 

that the right and all data needed for the explanatory mining & analysis step has been retrieved. The 

leading role for this step is the data analyst [Appendix G8].  

Analyze Phase 

In the Analyze phase, a closer look is taken at the data through explanatory mining & analysis. The goal 

is to find improvement opportunities that can be acted upon in the process improvement step. The purple 

outline for this step indicates that it comprises process discovery, conformance checking, and process 

analysis tasks (as indicated in the legend by the block titled mining and analysis). The techniques are 

the same, but the analysis conducted is much deeper. In this phase, the team guided by the process 

analyst [26] performs detailed analysis of the data with the aim to find potential causes for the problem 

identified in the Define phase.  

Improve Phase 

When improvement opportunities are detected, they are implemented in the process improvement step. 

At this stage, Process Mining can be used to identify the improvement opportunity which is likely to 

have the biggest impact when improved. The leading role in this step is the change manager (business 
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user) since the improvements should be carried out by someone who is allowed to make changes to the 

business process [Appendix G4, G6, G7, G10].  

Control Phase 

After the improvements are implemented, Process Mining techniques can be used to monitor and 

evaluate indicators to help reveal if the implemented improvement yielded the expected results. Within 

the Control phase of DMAIC, two steps can be taken: monitoring and evaluation. In monitoring, the 

indicators are followed to establish how the process runs after the improvements have been made. The 

evaluation step determines if these monitored indicators depict the expected result and whether the 

process has been successfully improved. By monitoring these indicators, new problems can arise and 

the DMAIC cycle can reinitiate once more, as indicated by the arrow that goes back up to the Define 

phase. In the monitoring step, the change manager (business user) is the leading role to identify and 

prioritize the metrics and indicators that are of importance to the organization and thus should be 

monitored [Appendix G5]. In addition, the project leader (business user) should evaluate the values of 

the indicators that are monitored in order to see whether the process improvements yielded the expected 

result [Appendix G10].  

Notice that, although there is a single arrow from the Control phase to the Define phase, PMSS suggests 

an iterative approach and allows traversing between any prior phase (requirement R6 satisfied). 

However, PMSS only shows the most prominent path through the different phases and does not show 

the other moves in order to ensure its readability. For example, during explanatory mining and analysis, 

it might occur that more information needs to be extracted, or that the event log was not filtered properly. 

Going back to the data preparation step provides the possibility to extract additional information or to 

filter the event logs based on the conducted analysis. Notice that when that happens, the team actually 

moves from the Analyze phase back to the Measure phase. Notice that it is possible to go back to an 

earlier step, but then the remaining flow stays as it is modeled. As such, it is not recommended to skip 

a step after moving back. For example, when the team has extracted that additional information it needs 

to conduct data processing and data verification again before continuing to explanatory mining and 

analysis. 

To summarize, PMSS shows a Six Sigma practitioner where Process Mining techniques can be used in 

order to complement the existing techniques in the DMAIC model. It presents a flow throughout steps 

to be taken within each phase. These steps are denoted by the grey blocks. The cyan and purple outlined 

blocks can be found in the legend where they show the activities that reside within these steps. 

Additionally, each step has a responsible person which is in charge of the activities within that step. 

Next to that, the model is process independent and can be used for all types of processes (requirement 

R5 satisfied). Furthermore, it is possible to move from each step back to each step but these edges are 

omitted to ensure the readability. The next section explains the activities within each step in more detail. 
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4.2 PMSS EXPLAINED IN DETAIL 

The section above briefly explained the flow and the steps of PMSS. For each step, characteristics such 

as the responsible role, the input and output of the steps, and the activities that should be taken in each 

step are defined. These characteristics are presented in Table 3.  

Table 3: The resource responsible, the input, the output, and the activities of each step 

 Responsible Input Output Activities 

Planning Business user - Information about 
business processes 

- Potential problems 

- First insights 
- New business 

problems 

- Project reasons 
- Business goals 

- Business questions 

- Information systems 
- Preliminary business 

case 

- Establish project reasons 
- Determine business goals 

- Select business processes 

- Identify business questions 
- Compose a project team 

- Create preliminary business case 

Preliminary  

data preparation 

Data analyst - Project reasons 

- Business goals 
- Business questions 

- Information about  

business processes 
- Information systems 

- Potential problems 

- Event logs 

- Audit trail 
- Data description 

- Preliminary data extraction 

- Preliminary data processing 

- Preliminary data verification 

Exploratory 

mining & analysis 

Process analyst - Event logs 
- Audit trail 

- Data description 

 

- Potential problems 
- First insights 

- Additional data (e.g., 

extra data attributes) 
- Business problems 

- Exploratory process discovery 
- Exploratory conformance 

checking 

- Exploratory process analysis 

Data preparation Data analyst - First insights 

- Business problems 
- Additional data (e.g., 

extra data attributes) 

- Event logs 

- Audit trail 
- Data description 

- Data extraction 

- Data processing 

- Data verification 

Explanatory 

mining & analysis 

Process analyst - Event logs 

- Business problems 
- Audit trail 

- Data description 

- Improvement 

opportunities 

 

- Process discovery 

- Conformance checking 

- Process analysis 

Process 

improvement 

Business user - Improvement 
opportunities 

- Modifications to 
improve towards 

business goal 

- Assess the improvement 
opportunities 

- Implement improvements 

Monitoring Business user - Modifications to 

improve towards 
business goal 

 

- Modification findings  

- New business 
problems 

- Diagnose 

- Identify new business problems 

Evaluation Business user - Modification findings - Improvement 
verification 

- Verify & Validate  

- Supporting operations 

The remainder of this section is structured in subsections dedicated to each phase of the DMAIC model 

as incorporated in PMSS. Each subsection explains how the characteristics are derived, they present a 

thorough explanation of the activities that should be taken for each step (requirement R2 satisfied), and 

discuss possible tool support. 

Just as for the visual diagram of PMSS, most of the characteristics and activities are based on the 

interviews and the demonstration. If a characteristic is based – or partially based – on one or more of 

the interviews, it is cited accordingly. Unless explicitly stated otherwise, the roles responsible, the input, 

the output, and the activities presented in the following subsections originate from [26]. 
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4.2.1 DEFINE 

In the Define phase, the goals of the improvement activities are defined. These goals can be at different 

levels, e.g., at an operational level (e.g., reduction of throughput time of a production line), or project 

level (e.g., reduce the number of defects in a particular process). In order to define these goals, it is 

necessary to gather event data and to have a basic understanding of the business processes that are going 

to be analyzed. Therefore, the steps of PMSS that can be taken in the Define phase of the DMAIC model 

are planning, preliminary data preparation, and exploratory mining & analysis.  

For the planning step, the input is considered to be all information related to an organization its business 

processes they want to improve, potential problems based on gut feeling [Appendix G12], potential 

problems and first insights gained from exploratory mining and analysis [Appendix G1, G12], and, in 

an additional iteration of the DMAIC model, new business problems that are found in the Control phase. 

The outputs are business goals including business questions, reasons for doing the project, a set of 

information systems which are able to support the execution of the business processes, and a preliminary 

business case. In order to reach the desired outputs from the input, six activities for this step have been 

defined: Determine business goals, identify business questions, establish project reasons, select business 

processes, compose a project team, and create a preliminary business case. The leading role in this step 

is the project owner (business user). The domain knowledge is needed in this step to ensure that the team 

is on the right problem [Appendix G4, G5]. Notice that the order in which these activities are carried 

out is not predetermined but can vary. It could be the case that one or more of the activities can be 

conducted quickly if, for instance, the organization has already determined a specific goal or business 

question for their Six Sigma initiative.  

As explained before, the improvement project benefits from conducting exploratory mining & analysis. 

In order to do so, preliminary data preparation needs to be done first. As mentioned in [Appendix G8] a 

data analyst should be responsible for handling the activities in this step. Information about the business 

processes, the output of the planning step, and potential problems from the exploratory mining & 

analysis step serve as input for the preliminary data preparation step. Based on this input, relevant event 

data should be extracted, prepared, and verified. Therefore, the activities that are defined for this step 

are: Preliminary data extraction, data processing, and data verification. The output of this step is cleaned, 

filtered, and enriched event logs. Besides the event log, an audit trail of the changes made to the data in 

the data processing step should be created, as well as a description of the data types [Appendix J2]. The 

order of the actions in this step is fixed. The data extraction should happen before the data processing 

which should happen before the data verification.  

The exploratory mining & analysis step is the first place where a process analyst gets involved and 

Process Mining techniques become prominent. The event logs, together with the audit trail and data 

description, which are outputted by the previous step, serve as input for this step. The deliverables of 

exploratory mining & analysis are potential problems, first insights retrieved from the initial analysis, 

additional data that should be extracted in order to conduct more elaborate analysis later on, and business 

problems. To get to these deliverables, exploratory process discovery, conformance checking, and 

process analysis should be conducted. Their order can vary and they can be conducted iteratively, it is 

possible to move from one activity to another in order to get to the output for this step.  

Table 4 shows the activities, their descriptions, and the actions to take for the steps in the Define 

phase. Appendix I1-I3 presents a thorough explanation of the activities that for each step. 
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Table 4: The activities, their description, and the actions to take for the steps in the Define phase 

 Activities Description Actions 

Planning Establish project reasons Determine why the 

project is conducted and 
derive project reasons 

from it 

- Determine why you do the project 

- Derive project reasons 

 Determine business goals Set up business goals in 
order to have an end-goal 

for your improvement 

project 

- Establish business goals 

- Make sure that the business goals are S.M.A.R.T. 

 

 Select business processes Select the business 
processes that are going 

to be analyzed and thus 
the information systems 

from which data should 

be extracted 

- Consider process characteristics 
- Consider data quality 

- Consider process adaptability 
- Settle on the information systems from which to     

extract data 

- Make sure that the right permissions and access 

have been granted 

 Identify business questions Identify business 

questions and relate them 

to the business goals 

- Create concrete business questions 

- Relate the business questions to the business goals 

- Relate the business questions to one or more 
aspects of business processes (quality, time, 

resource, costs) 

 Compose a project team Compose a project team 
with experts from 

different backgrounds 

- Select relevant team members 
- Communicate responsibilities 

- Notify everyone on the business goals and business 

questions 

 Create preliminary 

business case 

Create a preliminary 
business case based 

which serves as the basis 

for the rest of the project 

- Reflect on the define phase 

- Create preliminary business case 

Preliminary 

data preparation 

Preliminary  

data extraction 

Extract event data from 

the information systems 

- Determine the scope 
- Extract the event data 

- Transfer process knowledge 

 Preliminary  

data processing 

Prepare the event data so 
that it can be stored in an 

event log 

- Clean the data 
- Create views 

- Aggregate events 

- Enrich the event logs 

- Filter the event logs 

 Preliminary  

data verification 

Verify the data to ensure 

its correctness and 

validity 

- Check and verify basic metrics 

- Check and verify open and close activities 
- Check and verify events over time 

- Check and verify the process 

- Check and verify the problem 

Exploratory 

mining & analysis 

Exploratory process 

discovery 

Discover a process model 

based on an event log 

- Understand the meaning of each event 

- Create a process model 

 Exploratory conformance 

checking 

Verify conformance 

between a given ideal 

model and the actual 
execution as contained in 

the event log 

- Check compliance 

- Detect, locate, and explain deviations 

- Check alignment with requirements 

 

 Exploratory process 

analysis 

Use enhancement and 
statistical methods to 

analyze the process 

- Performance analysis 
- Organizational analysis 

- Statistical analysis 

4.2.2 MEASURE 

In the Measure phase, a baseline is established on how the process currently performs and data is 

gathered and processed in such a way that it can be analyzed in the next phase. Process Mining can be 

used to ensure that the right data is extracted and to determine the baseline of the process. The data 

preparation step of a Process Mining project is linked to this Measure phase.  

The data preparation step is highly similar to the preliminary data preparation step explained in the 

section 4.2.1. The main difference is in the input. Now, additional data that should still be extracted, 

which is established in the previous step, is taken as input together with the (possible) concrete business 
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problems. Additionally, first insights can be used to enrich the data in ways that were not thought of 

before.  

Table 5 shows the activities, their descriptions, and the actions to take for the steps in the Measure phase. 

Appendix I4 presents an explanation of the activities within the data preparation step in more detail. 

Table 5: The activities, their description, and the actions to take for the step in the Measure phase 

 Activities Description Actions 

Data preparation Data extraction Extract additional data from 

the information systems 
- Extract additional data 

 Data processing Prepare the event data so 

that it can be stored in an 

event log 

- Clean the data 

- Create view 
- Aggregate events 

- Enrich the event logs 

- Filter the event logs 

 Data verification Verify the data to ensure its 

correctness and validity 

- Check and verify basic metrics 

- Check and verify open and close activities 

- Check and verify events over time 
- Check and verify the process 

- Check and verify the problem 

4.2.3 ANALYZE 

The goal of the Analyze phase of the DMAIC model is to find improvement opportunities for the 

problems defined in the Define phase. In order to do so, explanatory mining & analysis is conducted on 

the (newly) created event logs from the data preparation step. 

The explanatory mining & analysis step is similar to the exploratory mining & analysis step conducted 

in the Define phase. The main difference is the input data and the fact that the analysis is now conducted 

much deeper trying to find the (root) causes of the problem rather than just establish the problem. Just 

as for exploratory mining & analysis, the process analyst is the responsible for this step. The input is the 

event logs created in the data preparation step, the audit trail, the data description, and business 

problems. The goal of this step is to identify improvement opportunities which the organization can act 

upon in the process improvement step. The activities that need to be conducted in order to find out the 

root causes of the problem are process discovery, conformance checking, and process analysis. 

Table 6 shows the activities, their descriptions, and the actions to take for the steps in the Analyze phase. 

Appendix I5 explains the activities within the explanatory mining & analysis step more thoroughly. 

Table 6: The activities, their description, and the actions to take for the step in the Analyze phase 

 Activities Description Actions 

Explanatory 

mining & analysis 

Process discovery Discover a process model 

based on an event log 

- Understand the meaning of each event 

- Create process models at different levels of 

granularity 

- Analyze sub-processes independently 

 Conformance checking Verify conformance 

between a given ideal 

model and the actual 
execution as contained in 

the event log 

- Check compliance 

- Detect, locate, and explain deviations 

- Check accordance with requirements 

 

 Process analysis Use enhancement and 
statistical methods to 

analyze the process 

- Performance analysis 
- Organizational analysis 

- Statistical analysis 
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4.2.4 IMPROVE 

The next phase in the DMAIC model is Improve, where out of all the improvement opportunities found 

in the explanatory mining & analysis step, the most promising ones are chosen to be implemented. This 

implementation happens in the process improvement step.  

In the process improvement step, the improvement opportunities found in the previous step are assessed 

and one or more of them are selected to act upon. The actual improvement of the process happens at the 

business side. Therefore, a change manager (business user) who is able to adapt to the process is the 

leading role in this step [Appendix G4, G6, G7, G10]. The improvement opportunities found in the 

previous step now serve as input. The deliverable of this step is subsequently improvements or so-called 

modifications to improve towards the business goal. Two activities are defined for this phase: Assess 

the improvement opportunities and implement improvements. 

Table 7 shows the activities, their descriptions, and the actions to take for the steps in the Improve phase. 

An explanation of the activities of the process improvement step can be found in Appendix I6. 

Table 7: The activities, their description, and the actions to take for the step in the Improve phase 

 Activities Description Actions 

Process 

improvement 

Assess the improvement 

opportunities 

Determine which 
improvement should be 

acted upon 

- Determine which improvement opportunity has the 
biggest impact in terms of cost, processing time, 

DPMO, etc. 

- Consider the feasibility of the improvement 

opportunity 

 Implement improvement Change the process and 

make the improvements 

- Improve the process 

 

4.2.5 CONTROL 

In this last phase of the DMAIC model, the process is monitored to check and evaluate if the process 

modifications made in the previous step actually improved the process. Two steps should be taken in 

order to do so: Monitoring and evaluation [Appendix G10]. First, the metrics on which the impact of the 

improvement opportunities has been assessed should be monitored. After that, these numbers should be 

evaluated to determine if the process improved. 

For the monitoring step, the process modifications made in the previous step are used to establish 

findings of these changes. A change manager (business user) should is the leading role because he or 

she should know which metrics are important. Besides diagnosing whether the modifications actually 

improve the process, new business problems can be identified. Therefore, the two activities in this step 

are diagnose and establish new business problems.  

The findings from the monitoring step are the input for the evaluation step. Since it is important to have 

domain knowledge at this point [26] and since the evaluation happens on the business side [Appendix 

G10], the project leader (business user) is responsible. The activities that should be conducted here are 

verify and validate the modifications and supporting operations. The activities are carried out using the 

modification findings outputted by the previous step as input [Appendix G10]. The goal of this step is 

to verify the improvement. 

Table 8 shows the activities, their descriptions, and the actions to take for the steps in the Control phase. 

Appendix I7 and I8 present a thorough explanation of the activities within the monitoring and evaluation 

steps, respectively. 
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Table 8: The activities, their description, and the actions to take for the steps in the Control phase 

 Activities Description Actions 

Monitoring Diagnose Diagnose if modifications 

improved the process 

- Check monitored metrics 

 Establish new business 

problems 

Define new business 
questions based on the 

whole project 

- Reflect on the project 

- Establish new business problems 

Evaluation Verify & Validate Investigate the 

correctness of the 

findings 

- Verification of original data 

- Validation with process stakeholders 

- Determine if the modifications made sense 

 Supporting operations Use Process Mining for 

operational support 

- Detect problematic running cases and predict their 

future 
- Have a supporting IT infrastructure in place 

- Provide operational support 

4.3 TOOL SUPPORT 

As mentioned in section 3.2.5, a prototype tool has been developed using the ProcessGold platform. The 

ProcessGold platform contains two templates, namely: Connector and ApplicationOne. The Connector 

is used to preprocess and convert the event data from one or more event logs in such a way that it can 

be used in ApplicationOne. The ApplicationOne consists of a set of dashboards which support extensive 

analysis of the connected event log(s) using Process Mining techniques. These dashboards are divided 

into five different groups: Overview, Cases, Process, Timing, Users, and Details. A high-level overview 

of the event log is presented in the Overview dashboards. The Cases dashboards provide a more detailed 

view on case attributes and variants. The discovered process graph can be found in the Process and 

Timing dashboards, where the former are used to analyze the control flow perspective while the latter 

are used to analyze the time perspective. The resource perspective can be analyzed in the Users 

dashboards. Lastly, individual cases can be explored in the Details dashboards. For the development of 

the prototype tool, ApplicationOne has been extended with a group that contains new dashboards for 

each phase of the DMAIC model.  

The ProcessGold platform has the unique feature of adding a tag to cases which have certain relevant 

properties. For example, cases which have an activity that is taken multiple times can be tagged as such. 

These tags can be assigned to a case in the Connector part of the application. Tags which have the same 

characteristics can be grouped into a so-called tag type.  

In order to explain the dashboards and design decisions, a use case is introduced. Assume that an 

organization wants to decrease the processing time of their invoicing process. Event data is loaded into 

the prototype through the Connector. The management has the feeling that the cases with a high 

processing time have a lot of repeated activities. So, the potential problem is rework. In the Define phase, 

they want to ensure that cases in which rework is present indeed have a higher processing time. Since 

the data extraction and data preparation does not happen in ApplicationOne, the goal of the prototype in 

the Measure phase is to verify the data. In the Analyze phase, causes for the problem can be discovered. 

Whenever a case can be seen as a cause (i.e., the case contributes too much to the processing time), it 

can be assigned a tag. The assigned tags are grouped in the rework tag type, such that all cases that are 

considered to be a cause for the problem can be found. Each cause can be seen as an improvement 

opportunity. In the Improve phase, the impact of the improvement opportunities is assessed. Based on 

that assessment, one (or more) of the improvement opportunities gets selected by the organization to 

improve upon. After they have implemented the improvements they will move on to the Control phase. 

The prototype can be used there to check if the average processing time improved after the improvement 

was implemented.  
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In the subsections below, an explanation of the newly created dashboards is provided for each phase 

alongside a discussion on the design decisions. Bigger versions of the figures in these subsections can 

be found in Appendix K. 

4.3.1 TOOL SUPPORT FOR DEFINE 

The steps that are taken in the define phase are planning, preliminary data processing, and exploratory 

Process Mining. For the activities in the planning step, the need for tool support regarding Process 

Mining is minimal. Establishing project reasons, determining business goals, identifying business 

questions, selecting business processes, composing a project team, and creating a preliminary business 

case are activities that can be supported by traditional tools from the DMAIC toolkit [Appendix J1, J7, 

I8]. Voice of the Customer (VOC), project charter, affinity diagram, Supplier-Input-Process-Output-

Customer (SIPOC), and critical to quality (CTQ) are examples of tools that can be used to support these 

activities [56].  

The tool support for the activities in the preliminary data preparation step can be split up into tool support 

for (preliminary) data extraction and processing, better known as Extraction-Transformation-Loading 

(ETL), and for data verification. ETL is a research discipline on its own and for the current state of 

research and open problems regarding ETL workflows, the reader is referred to [57]. The 

‘transformation’ and ‘loading’ parts of the ETL workflow are where the event data gets transformed 

(i.e., filtered or enriched) and eventually loaded into the ProcessGold platform. Notice that this happens 

in the Connector, which is not used for the prototype. Tool support regarding the (preliminary) data 

verification is highly similar to the tool support for the data preparation in the Measure phase. It is 

therefore only once discussed in section 4.3.2.  

The most prominent Process Mining technique that should be used for exploratory mining & analysis is 

process discovery [Appendix G1-G10, G12]. The discovered process graph shows how the process is 

actually going. With the help of this process graph, it is possible to determine bottlenecks in the process 

and thus find potential problems [Appendix G1, G2]. When the goal of the project is to improve the 

performance of a business process, process analysis (enhancement) can be conducted in order to look at 

performance metrics, such as throughput time, waiting time, or total cost [Appendix G1, G2, G4, G5, 

G8-G10]. For checking the compliance, it is possible to use conformance checking techniques 

[Appendix G1, G2, G4, G8-10].  

For the prototype tool support, a dashboard has been created for the exploratory mining & analysis step 

in the Define phase. A dashboard for the (preliminary) data preparation step is created for the Measure 

phase and is discussed in section 4.3.2.  

The dashboard presented in Figure 6 consists of three dashboard elements which are highlighted with a 

red number. The dashboard shows a process graph (#1), how long it on average takes to complete cases 

(#2), and how much certain activities contribute to that average (#3). These three dashboard elements 

are created based on the initial draft established during the brainstorm sessions (Figure H-2 in Appendix 

H). The process graph (#1) is added to check for deviations in the process. To check if cases that have 

certain properties in common have a high average processing time, dashboard element #2 is added. 

Lastly, dashboard element #3 is added to check if activity or resource is responsible for the high 

processing time. 
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Figure 6: Screenshot of the dashboard for the Define phase 

For the use case, the goal of the improvement project is business process performance improvement. In 

this use case, the metric that the organization wants to improve upon processing time. The process graph 

(#1) is highlighted based on the number of cases. The darkest paths are paths that are taken more 

frequently, while the lighter paths are not taken that often. The bar chart (#2) shows the average 

processing time of cases, where the grouping is based on the selected case property. By combining this 

bar chart with the process graph, it is possible to, for example, check whether the less frequently visited 

paths yield a higher processing time and therefore could be a problem. Lastly, it may be the case that 

there are certain activities or resources that are responsible for high processing time. Therefore, a bar 

chart (#3) is added where the contribution of activities or resources to the average processing time is 

shown. From all three dashboard elements, it is possible to navigate to that part of the application that 

supports more elaborate analysis of the information that is shown in the chart. These three dashboard 

elements can be used to support the identification of potential process-related problems. For example, 

when all cases with a self-loop are selected from #1, the team can see in #2 that the average processing 

time doubles. Thereby, the team can show that the suspected rework problem is in fact an actual problem. 

The findings from the exploratory mining & analysis can serve as input and be combined with the 

aforementioned traditional Six Sigma tools in the DMAIC toolkit. After this has been done a preliminary 

business case can be created which serves as the basis for the improvement project. Once the team has 

created this, they can move on to the Measure phase [Appendix J8]. 

4.3.2 TOOL SUPPORT FOR MEASURE 

As mentioned in section 4.3.1, ETL tooling, used for data extraction and data processing, is a research 

discipline on its own [57]. Transformation and loading can actually be done in the Connector part of the 

ProcessGold platform. However, the technicalities about connecting the ProcessGold application to the 

event logs are considered to be out of scope. Traditional Six Sigma tools from the DMAIC toolkit that 

would fit in this ETL workflows would be, among others, data collection forms and data collection plan 

[56]. 
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The dashboard presented in Figure 7 has been created for the Measure phase based on the initial draft 

designed in the brainstorm sessions (Figure H-3 in Appendix H). Since data extraction and data 

preparation happen in the Connector, the goal of the dashboard should be to verify that the data imported 

into the tool is correct [Appendix G10]. The aforementioned metrics (number of cases (#1), activities 

(#2), events (#3), and users (#4)) are shown so that they can be compared to the output of the information 

systems. Additionally, because for the use case the potential problem is rework, the number of 

repetitions per case (#5) is shown to show that the problem exists and to establish a baseline. Besides 

that, trendlines of the open (#6) and close (#7) activities are shown so that it can be verified that the data 

only contains cases that are opened and closed as expected (i.e., the open and close activities of the case 

are the expected first and last activities). Lastly, the dashboard contains a trendline of the events over 

time (#8) to check if there are no abnormalities. From these dashboard elements, it is possible to navigate 

to that part of the application that supports more elaborate analysis of the information that is shown in 

the module. 

 
Figure 7: Screenshot of the dashboard for the Measure phase 

The data that is imported into the prototype tool should rightfully depict the information that has been 

retrieved from the information systems. Therefore, as mentioned earlier, certain metrics (number of 

cases (#1), events (#2), activities (#3), and users (#4)) should be checked to ensure that the right data is 

in the tool. The numbers of those metrics in the Process Mining tool can be compared with the numbers 

of those metrics in the information systems. With the help of the audit trail, it is possible to explain the 

differences. Additionally, it should be verified that the cases are started and closed properly (i.e., the 

data only contains complete cases such that potential conclusions are not based on cases that are cut 

short by the start or end date of the data extraction). With this dashboard, it is possible to verify whether 

the open (#6) and close (#7) activities are correct. Furthermore, it can be verified that the data is correct 

by looking at the events over time (#8). The business user (process owner) should have a gut feeling on 

what the event data should look like. If any abnormalities are found here, it could be the case that the 

data loaded into the Process Mining tool is not correct. To show that the rework problem exists, the 

number of times that any activity is repeated per case is presented (#5). Other than that, the potential 

problem can be verified with the help of traditional Six Sigma tools like control charts, hypothesis tests, 

statistical process control charts (SPC), probability distributions, etc. [56], [Appendix J1]. Lastly, the 
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discovered process should be verified with the business users to ensure that the data loaded into the 

application rightfully depicts the process [Appendix G5, I2]. 

Notice that the dashboard fully covers the first three data verification actions. The fifth action, problem 

verification, is covered for an assumed potential problem. A valuable addition to this would be the 

inclusion of traditional Six Sigma tools such as control charts and probability distributions [Appendix 

J1, J8]. The fourth verification action, process verification, can be conducted by presenting the Define 

dashboard (section 4.3.1) to the business users in order to discuss the process graph with them [Appendix 

G5].  

Once it has been established that the data that is loaded into the application is correct, that the potential 

problem is indeed a problem, and that the discovered process rightfully depicts the process as seen by 

the business users, the team can proceed to the Analyze phase. 

4.3.3 TOOL SUPPORT FOR ANALYZE 

The goal of the explanatory mining & analysis step is to find out the causes of the problem. In order to 

do so, the three Process Mining techniques can be used [Appendix G1, G2, G4-G6, G8-G10, G12]. 

Remember that process analysis encompasses enhancement, but that it could also cover traditional 

(statistical) Six Sigma tools such as control charts, histograms, scatterplots, Pareto chart, Ishikawa 

(cause-and-effect) diagram etc. [56]. 

In designing the dashboard for the tool support, the goal of the dashboard for this step is, on the one 

hand, to provide a general overview about the selected problem in relation to the other cases, and, on 

the other hand, statistics on the problem. The overview dashboard is presented in Figure 8 and the 

statistics dashboard in Figure 9. An initial draft of both dashboards has been designed during the 

brainstorm sessions. The draft of the overview dashboard can be found in Figure H-4 in appendix H. 

Creating dashboards which are generic and suitable for multiple problems is a design decision to show 

the versatility of the platform and to support continuous improvement analysis when the problem 

changes. However, it could be argued that someone wants to see a dashboard here that is tailored to a 

specific problem (e.g., rework or inefficiency) [Appendix J1, J7]. 

During the brainstorm sessions, the main goal is determined to be comparing the cases with a problem 

(i.e., problem cases) to the cases that do not have the problem (i.e., other cases). In order to do so, there 

is a need to identify which cases are the problem cases. When a case can be seen as a cause to the 

problem (i.e., has been assigned a tag4), it is classified as a problem case. This dashboard consists of a 

process graph to determine if the paths of the problem cases deviate from the paths of the other cases 

(#1). Additionally, it shows the average processing time for the problem cases and the other cases (#2). 

Using that dashboard element, it is possible to see if there are problem cases with certain properties that 

have a higher average processing time than other cases with the same properties. Furthermore, a 

dashboard element that shows the resources that are involved is added (#3) to check if a resource might 

be responsible for the problem. If a case has a lot of repetitive activities, it contributes to the average 

processing time. Therefore, it is shown how many times an activity occurs within a case (#4). The 

DPMO (#5) is shown to provide Six Sigma practitioners with a familiar metric which indicates how 

                                                      
4 Assigning tags to the problem cases happens in the Connector. It is done by the data analyst in the data preparation 

step. This means that whenever a cause to the problem is found in the analyze phase, the team moves back to the 

measure phase since the data analyst needs to add the a tag in the Connector. This might not be the most convenient 

way, but this is due to how the ProcessGold platform operates. However, when there is a data analyst present in 

the project team, this does not take that much time and would be a quick iteration. 
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many problem cases per million cases there are. The workload (#6) is shown to indicate the percentage 

of the cases that is a problem case.  

 
Figure 8: Screenshot of the overview dashboard for the Analyze phase 

One way to find problematic cases (i.e., cases with rework) is to look at the process graph and select all 

the cases that have an activity with a self-loop. Cases which have such self-loops can be considered a 

cause for the rework problem. In the Connector, a tag can be assigned to these cases in order to recognize 

them. Now that problem cases are identified, it is possible to compare the process graph from the 

problem cases with the process graph of the other cases to detect deviations (#1). Furthermore, it is 

possible to look at the average processing time of the problem cases in comparison to the average 

processing time of the other cases (#2). With this dashboard element, it is possible to determine if there 

are problem cases with certain properties for which the processing time is higher when compared to the 

other cases with the same properties. Additionally, a look can be taken at the resources involved in the 

problem cases versus the other cases (#3). When the problem only resides in cases with specific 

properties, the properties can be added as a potential cause.5 If there are resources that are involved in a 

lot of problem cases but almost never in other cases, it may also be a potential cause to the problem.5 

Besides that, it is shown how many times an activity occurs within a case (#4). When there is an activity 

that occurs multiple times within a case it could be added as a potential cause.5 Combining these four 

dashboard elements enables the possibility to find out potential causes for the problem. Besides these 

dashboard elements, the DPMO and the workload over time are shown (respectively #5 and #6) to 

respectively get an idea of the severity of the problem and to indicate the percentage of the cases that 

are a problem case. Notice that these dashboard elements support much more efficient analysis with the 

use of Process Mining compared to the (manual) statistical analysis traditionally conducted in Six Sigma 

initiatives.  

Some of these dashboard elements map to different types of waste of the Lean Six Sigma methodology. 

For the use case, the selected metric is the processing time. When the selected metric would be waiting 

time instead of processing time, dashboard element #2 links to waiting. Dashboard element #4 links to 

                                                      
5 If and only if the cause has not yet been added as a tag 
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defects (which are sometimes defined as cases with rework) and dashboard element #3 can be used to 

investigate non-utilized talent. 

The statistics dashboard that is created incorporates traditional statistical Six Sigma tools that can be 

used in the explanatory mining & analysis step. The dashboard elements that are present have been 

defined during the brainstorm sessions. It is possible to determine how much the different causes 

contribute to the problem and how these causes relate to time. Therefore, it consists of a Pareto chart 

which shows the contribution of the causes to the problem (#1) and line charts such that it can be 

analyzed how the potential causes relate to time (#2).  

 
Figure 9: Screenshot of the statistics dashboard for the Analyze phase 

The Pareto chart (#1) can be used to select the improvement opportunities that contribute the most to 

the problem. The causes that contribute the most serve as input for an Ishikawa (cause-and-effect) 

diagram [7], [56]. The line charts (#2) can be used to find out for which cases with certain properties 

the problem is structurally high. It might be the case that there is a good reason for this, so consulting 

with business users is key here [Appendix J8]. However, it may also be the case that the problem resides 

in those cases and that is worth investigating further.  

By combining all the dashboard elements on both the general overview and the statistics view, it is 

possible to find potential causes for the problem and, thus, improvement opportunities. Furthermore, it 

is possible to see the causes which (structurally) contribute the most to the problem. All of the Process 

Mining techniques that can be used for the activities in this step are covered by these two views. 

Once the improvement opportunities (causes) have been defined and it has been decided in what degree 

they contribute to the problem, the findings can be combined with the aforementioned traditional 

(statistics) Six Sigma tools (e.g., based on the Pareto chart an Ishikawa chart can be constructed) to 

further substantiate the improvement opportunities. After that, the Analyze phase can be closed and the 

team can move on to the Improve phase.  
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4.3.4 TOOL SUPPORT FOR IMPROVE 

Actually improving the process happens on the business side and without the use of Process Mining 

[Appendix G1-G12]. However, there is tool support that can be used for selecting the improvement 

opportunity that has the biggest impact and thus should be acted upon. Traditionally, Six Sigma 

practitioners would use tools such as brainstorming, consensus, prioritization chart, Pareto chart, etc. 

to find out which opportunity should be acted upon. Process Mining can be used to support the business 

case and the decision-making by visualizing the impact of the improvement opportunities for certain 

metrics (e.g., total costs, processing time, or DPMO).  

In order to determine the impact of the different improvement opportunities found in the Analyze phase, 

a dashboard has been created for this phase which is presented in Figure 10. During the brainstorm 

sessions, an initial draft was created for the dashboard (Figure H-5 in Appendix H). It has been 

determined that the dashboard should present the impact of the improvement opportunities on metrics 

such as total costs, processing time, and DPMO (#1). Furthermore, it would be interesting to check the 

improvements opportunities over time to see if they are time-dependent (#2). 

 

Figure 10: Screenshot of the dashboard for the Improve phase 

For the use case, the metric which needs to be improved is the processing time. The improvement 

opportunity that contributes the most to the processing time would most likely have the biggest impact 

when it is improved. Therefore, this contribution to metrics such as the processing time, DPMO, and 

total cost is shown in a bar chart (#1). Besides the bar chart, line graphs are shown so that it can be 

checked how the improvement opportunities relate to time (#2). With the use of the line graphs, it can 

be determined if the improvement opportunity is time-dependent and still valid. The output of this 

dashboard can be used as input for aforementioned traditional Six Sigma tools to make a conscious 

choice on what to improve. To check the most common cause using the Pareto chart, it is possible to 

move back to the statistics view of the analyze dashboard as presented in section 4.3.3. 
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4.3.5 TOOL SUPPORT FOR CONTROL 

Traditional Six Sigma tools that are used to check whether the modifications made to improve the 

process actually improved the process are, for example, control plans and statistical process control 

charts (SPC) [56]. However, the ProcessGold platform can also be used to visualize whether the 

modifications actually improved the process [Appendix G1-G10]. 

An initial draft for this dashboard has been created during the brainstorm sessions (Figure H-6 in 

Appendix H). It has been determined that this dashboard should show how the problem and the 

improvement opportunities change over time for the same metrics as were used in the Improve phase 

(#1). The created dashboard is presented in Figure 11. 

 
Figure 11: Screenshot of the dashboard for the Control phase 

Changes in the causes eventually lead to changes to the problem. Therefore, it is valuable to monitor the 

causes rather than the problem in order to ‘predict’ changes to the problem [Appendix G8]. To do that, 

the dashboard shows an X/Y analysis (#1). It shows the problems (Y) and the causes (X) that contribute 

to the problem. In order to check how these causes differ before and after the improvement date, line 

graphs are created so that the periods can be compared to each other by looking at the height of the lines 

before and after the improvement date. For the use case, the organization looks if the processing time 

changed after the improvement date for the cases with a rework problem. A valuable addition to this 

would be to visualize control charts and SPC charts [Appendix J1].  

4.3.6 TOOL SUPPORT CONCLUSION 

The dashboard for the Control phase concludes the prototypical tool support that has been created for 

the ProcessGold platform. It shows how and when Process Mining can be used in the DMAIC model. 

The Process Mining tool support is available within a single platform, satisfying requirement R7 as 

defined in section 3.2.2. 

If the process does not yet run at Six Sigma (i.e., the DPMO for all the problems is still higher than 3.4), 

or when new improvement opportunities are found based on the newly established business questions, 

additional iterations of the DMAIC cycle can be initiated. Once Process Mining is in place, new 

improvement opportunities can be found very effectively by using the available dashboards. This speeds 

up additional iterations of the DMAIC cycle [Appendix G8, G10, J1]. 
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5 EVALUATION OF PMSS 

As discussed in section 3, the initial version of PMSS has been evaluated ex-ante through interviews. 

After creating the tool support, its usability has been tested through usability tests. After these usability 

tests, PMSS has been finalized. The ex-post evaluation of this final version of the guideline and the tool 

support is focused on its validity and utility. Demonstration and validation sessions were held with 

domain experts in order to get their opinion on the instantiated artifact. After demonstrating the guideline 

and the tool support with an example use case, the Process Mining and Six Sigma experts were asked 

questions regarding its validity. To assess the utility of PMSS, surveys were conducted among the 

interviewees of the validation interviews. Questions were asked regarding the usefulness, the ease of 

use, and the intention to use. The demonstration and validation sessions are elaborated in section 5.1, an 

explanation of the survey can be found in section 5.2, and the results of both validation methods are 

discussed in section 5.3.  

5.1 DEMONSTRATION AND VALIDATION 

The demonstration and validation sessions (step 12 in Figure 2) were conducted with six Process Mining 

experts and five Six Sigma experts ((master) black belts). The average number of years of experience 

of these experts were seven years (max 17, min 2 years) for Process mining experts, and four years for 

Six Sigma experts (max 14, min 1 year). As for the initial set of interviews, the Process Mining experts 

have been selected from different organizational levels to enhance the internal validity of the interviews 

[48], [49]. An overview of the classes of interviewees can be found below together with the anonymized 

identifiers.6  

- Six Sigma Experts   (SSE1, SSE3, SSE4, SSE5, and SSE6) 

- Process Mining C-Level  (PMC2 and PMC3) 

- Process Mining Salesperson  (PMS1 and PMS2) 

- Process Mining Consultant  (PMCon2 and PMCon3) 

The demonstration and validation sessions consisted of two parts. A demonstration and discussion of 

the final version of PMSS and after that, the interviewees were asked questions regarding the validity 

of PMSS. First, the visual guideline was discussed (as shown in Figure 5). A short explanation of how 

the model should be interpreted was given and the flow was briefly discussed. Alongside the visual 

overview, the tables containing the input, the output, the activities, and the actions (Table 3 until Table 

8) have been presented and discussed. Lastly, the tool support has been demonstrated and discussed with 

an example use-case (Figure 6 until Figure 11). After demonstrating all parts of PMSS, questions were 

asked in order to find out if something was missing, if it was deemed useful, if it was easy to understand, 

and whether the interviewees would want to use PMSS in practice. Transcripts of these validation 

questions can be found in Appendix J. 

5.2 SURVEY 

The experts who participated in the demonstration and validation sessions were asked to fill out a survey 

in order to gain their opinion on the utility of PMSS (step 13 in Figure 3). Out of the eleven experts that 

were interviewed, 9 filled out the survey which yields a participation rate of 82%. 

To create the survey, an empirically validated and commonly used model was used. The statements are 

based on the core constructs of the Technology Acceptance Model (TAM): Perceived usefulness, 

                                                      
6 Some of the experts participated both in the interviews and the demonstration and validation sessions. Their 

anonymized identifier is kept the same. Furthermore, it explains the high similarity in average years of experience. 
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perceived ease of use, and attitude towards using [58] which shifted towards intention to use in TAM2 

[59]. TAM is widely used in the information systems field and its validity has been empirically proven 

in many previous studies [60]–[62]. Perceived usefulness refers to the user’s perception of the utility of 

PMSS in its capability to provide gains to its user [63], [64]. Perceived ease of use is defined as the 

degree to which a person believes that using PMSS would be free of effort [59], [61], [65]. The intention 

to use is determined by the aforementioned two constructs [59] and can be defined as the extent to which 

a person intends to use the designed artifact [63].  

The statements created for this survey have been adapted from the work in [63] leading to four items for 

perceived usefulness and ease of use, and two for intention to use. In order to find out the level of 

agreement with each statement, a five-point Likert response scale was used where the options range 

from one (strongly disagree) to five (strongly agree). The statements used in the survey can be found in 

Table 9. In order to prevent monotonous responses, a couple of the statements are negated (denoted with 

an * in the table) as proposed by [66]. For those questions, the results are reversed.  

Table 9: Survey statements 

P
er

ce
iv

ed
 U

se
fu

ln
es

s PU1 
I think that the guideline supports organizations that adopt Six Sigma principles to more effectively 
perform their activities with the help of Process Mining techniques. 

PU2* 
The way that the guideline shows 'how and when Process Mining techniques can be used to more 
effectively perform Six Sigma related activities' would be difficult for users to understand. 

PU3 
Using the guideline to communicate 'how and when Process Mining techniques can be used to more 
effectively perform Six Sigma related activities' would be easier than doing so without the guideline. 

PU4 Overall, I found the demonstrated guideline useful. 

P
er

ce
iv

ed
   

   

Ea
se

 o
f 

U
se

 PEU1 
Learning to use the guideline to more effectively perform Six Sigma related activities with the use of 
Process Mining would be easy for me. 

PEU2* I found the guideline unclear and difficult to understand. 

PEU3 It would be easy for me to become skillful at using the guideline. 

PEU4* Overall, I found the guideline difficult to use. 

In
te

n
ti

o
n

 

to
 u

se
 ITU1 

I would use this guideline in order to apply Process Mining techniques to more effectively perform Six 
Sigma related activities. 

ITU2 
I would intend to use this guideline in preference to another approach of using Process Mining 
techniques to more effectively perform Six Sigma related activities. 

5.3 RESULTS AND DISCUSSION 

The final version of PMSS, consisting of a high-level visual diagram (Figure 5), explanatory tables 

(Table 3 until Table 8), and tool support (Appendix K), has been demonstrated to both Six Sigma and 

Process Mining experts. The feedback that was gathered from the experts during the demonstration and 

through the small interview afterward is valuable to assess the validity of the taken approach. This 

section presents and discusses the results of the evaluation with the help of relevant quotes.7 

During the demonstration, and right thereafter, it has been discussed whether PMSS is correct and 

complete. Most of the changes and additions that the experts mentioned were small updates. Changes 

with a low impact on the guideline are implemented, while more rigorous changes (i.e., new concepts 

embedded in the tool support) are left for future work. Besides updates to PMSS, its level of detail was 

discussed. The granularity of PMSS is considered to be at the right level by the interviewees.  

                                                      
7 In the transcript from which the quotes originate (Appendix J), often the term ‘guideline’ is used. It is important 

to know that the questions were asked after discussing the guideline and demonstrating the tool support. Hence, 

when the interviewer/interviewee speaks about the guideline, the combination of the high-level visual diagram, 

the explanatory tables, and the tool support is meant. 
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In general, the experts agreed on the fact that a standard operating procedure as presented in the guideline 

is useful to help Six Sigma practitioners more effectively perform their activities in an improvement 

project with the help of Process Mining.  

 

The majority of experts also said that PMSS was easy to use. It was mentioned that it may be hard to 

grasp at first, but that the complexity that is there is needed to properly show where and how to use 

Process Mining techniques. 

 

Furthermore, the experts indicated that they would recommend PMSS to Six Sigma practitioners. Not 

only do they think that this structured way of conducting Process Mining is useful for Six Sigma 

practitioners, but that it can be useful for organizations that have not adopted Six Sigma principles. 

 

As can be seen in the last quote, one of the Process Mining experts even thinks that the guideline can be 

used in their development strategy guidelines.  

The main point of critique on the guideline is that, although it is incorporated in there, the way the 

Process Mining techniques can be used in combination with the traditional Six Sigma tools should be 

made more explicit. Many Six Sigma experts commented on this point. 

“No, I think the detail is good. I think it helps. Maybe a point of improvement is that they are very dry. It's just a 

table. It's not very appealing.” [Appendix J8]  

 

 

“This is useful because it is a standard operating procedure. In my experience in training black belts, the hard 

part is to have black belts operate in a similar manner. Therefore, we always focus on the first few projects where 

I guide the black belts on the phases and the activities which should be done in a DMAIC process. By writing them 

down in a guideline with the correct granularity that would help them because they have something to hold on to 

in their first few projects. They can go back to it if they, after a while, do another project where they did perhaps 

not use process analytics. They have their guidelines ready when they start such a project again. It saves me as a 

master black belt a lot of time in retraining and coaching them.” [Appendix J1] 

“Six Sigma people are analyzing in a very structured way and also want to know how Process Mining can 

contribute to that. So, when we are able to present that, in a structured and predefined way, then I think that those 

people will benefit from that. They will also be convinced of Process Mining in general. Therefore I think it's quite 

useful to have it.” [Appendix J4] 

“Yeah, I think it's definitely useful. It helps people to better understand what they have to do everywhere and it 

guides them through it. I think that guidance is very, very important.” [Appendix J8] 

 

 

“I think the guideline is easy to use, it's a bit overwhelming at the beginning maybe. But, you definitely need all 

the things that are in there. There is nothing that I would leave out when I look at it.” [Appendix J6] 

“Everything can always become much easier. But, easiness will also lead to the loss of some functionality as well. 

I’m not sure if I’m, at this point, willing to give that up.” [Appendix J2]   

 

“Yeah, I think so. Very much. I think it's really cool. It's a structured way of doing Six Sigma using Process 

Mining. These are two fields that can really benefit from each other. So, yeah, sure!” [Appendix J6]

“Yeah, I’d definitely recommend the guideline to Six Sigma people. Also to non-Six Sigma guys I think. Because 

you made it quite easy to use it. So, also guys who are not that familiar with Six Sigma can make use of it. That's 

quite nice I think.” [Appendix J4] 

“Even if it is not a Six Sigma company. If they don't have a Six Sigma approach, then we could still offer them 

this to help them to have a streamlined process from define to control and the whole way back. This can be 

something that we put in our own development strategy guidelines as well.” [Appendix J2] 
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Besides that, adding more (statistical) traditional Six Sigma techniques into the application like 

distribution plots and control charts would make it even more useful and more likely for Six Sigma 

practitioners to embrace it. Another improvement point mentioned is the addition of different 

perspectives to the tool support. Instead of having general dashboards which can be used for all kinds 

of problems, dashboards that are tailored to a specific problem (e.g., rework) can be generated. 

 

The responses from the experts on the TAM-based survey can be found in Figure 12. The results indicate 

a positive view of the experts towards the measured constructs, i.e., perceived usefulness (PU1-PU4), 

perceived ease of use (PEU1-PEU4), and intention to use (ITU1, ITU2). 

The positive results on the ‘perceived usefulness’ statements indicate that the experts consider the 

guideline to be useful. PU1 even links directly to the research goal. All experts but one (neutral) 

considered that PMSS supports organizations that adopt Six Sigma principles to more effectively 

perform their activities with the help of Process Mining techniques. One expert indicates that the way 

the guideline shows ‘how and when Process Mining techniques can be used to more effectively perform 

Six Sigma related activities’ might be difficult for users to understand.  

The positive attitude also holds for the ‘perceived ease of use’. The majority of the experts believed that 

the guideline is easy to use and that they would be able to become skillful at using it. None of the experts 

disagreed with this. However, a couple were neutral about the statements. Lastly, the responses to the 

‘intention to use’ statements indicate a positive view as well. However, none of the experts seemed to 

strongly agree with the statements. Furthermore, the experts mostly have a neutral opinion on preferring 

the guideline over another approach of using Process Mining techniques to more effectively perform 

Six Sigma related activities. Also, one expert indicated to not intend to use the guideline and someone 

also indicated to not prefer the guideline over another approach. Overall, the responses from the experts 

indicate that they intend to use the guideline and that it is useful and easy to use. 

 
Figure 12: Survey results which shows the agreements with the TAM statements 
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“From a master black belt perspective, I still need to integrate your guideline in the traditional Lean Six Sigma 

guideline because I have to train and coach my black belts in the entire process. For me, they cannot be 

separate.” [Appendix J1] 

 

“The guideline is self-explanatory and the tool support is very easy to use. With the additional that it would be 

even more easy to use if you add some templates on traditional lean analysis. Waiting time, lead time, rework, 

etc.” [Appendix J1] 

“Also, in the tool itself, you can add different perspectives and not only one perspective.” [Appendix J2] 
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6 CONCLUSIONS 

Six Sigma focuses on improving business processes by statistically quantifying process performance 

changes, but data used for such analyses is typically collected manually, which makes Six Sigma quite 

a costly and time-consuming endeavor [7], [21]. In the past few years, Process Mining has proven itself 

to be a useful technique to conduct process analysis in improvement projects in a more cost friendly and 

time-efficient manner [22]. Therefore, Process Mining can serve as an enabling technology for 

managements trends related to process improvement such as Six Sigma [3], [6], [33].  

There is only a handful of sources that report on how Process Mining can fit into the DMAIC model of 

Six Sigma [22]–[25]. However, the lack of a method providing guidance on how and when to use Process 

Mining techniques to more effectively perform Six Sigma related activities has formed the research goal 

of this study. Accordingly, as our research objective, we developed a method to support organizations 

adopting Six Sigma principles in performing related activities more effectively with the use of Process 

Mining techniques. This thesis (i.e., PMSS) can be used by Six Sigma practitioners so that they have a 

standard operating procedure on when and how to use which Process Mining techniques in order to 

more effectively perform their activities. PMSS consists of three parts. Firstly, a high-level visual 

diagram which shows the steps that should be taken in each phase of DMAIC. Secondly, tables which 

show the responsible roles, the input, the output, and the activities of each step. Additionally, it includes 

tables that elaborate on the actions that should be taken for each activity. Lastly, tool support has been 

developed using a commercially available Process Mining platform. PMSS does not seek to replace the 

existing techniques in the DMAIC toolkit but shows how Process Mining techniques can complement 

the existing tools. In addition to that, PMSS is based on an existing Process Mining methodology, takes 

business knowledge into account, is process-independent, and supports iterative analysis. Therefore, 

PMSS satisfies all requirements as defined in section 3.2.2. Hence, PMSS satisfies the research 

objective.  

The development of the guideline followed the Design Science Research methodology [28]. To come 

up with an initial design, a literature study of already existing Process Mining methodologies has been 

conducted. The initial design has been ex-ante validated through interviews with domain experts both 

from the fields of Process Mining and Six Sigma. Based on their feedback, the guideline has been 

adapted and accompanying tool support has been developed. After demonstrating the adapted version 

of PMSS to domain experts, it has been enhanced based on the insights gained. The enhanced version 

has been put through usability tests before being finalized. Lastly, the final version of PMSS and the 

tool support have been ex-post validated through the means of interviews and a TAM survey with Six 

Sigma and Process Mining experts. The former shows the validity of PMSS and the latter confirms its 

utility and potential to be adopted in practice.  

6.1 CONTRIBUTIONS TO RESEARCH AND PRACTICE 

Existing research on the usage of Process Mining techniques in combination with Six Sigma does not 

provide Six Sigma practitioners with a structured guideline on how to do so [22]–[25]. This research 

closes that gap between Process Mining and Six Sigma. Thereby, it contributes to both the research field 

of Quality Management and the research field of Process Mining. On the one hand, PMSS offers Six 

Sigma practitioners a guideline as an addition to their already existing standard operating procedure. 

Thereby, it shows how Process Mining techniques can be used to more effectively perform Six Sigma 

related activities. On the other hand, PMSS can also serve as a general Process Mining methodology for 

organizations that want to have a structured approach on improving processes with the help of Process 

Mining [Appendix J2, J4].  
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The tool support that has been developed using a commercially available enterprise solution for Process 

Mining demonstrates that it is possible to deploy the tool support and use PMSS in practice. Its main 

focus is, of course, to be used at organizations that adopt Six Sigma principles. However, its functionality 

is certainly not limited to only those organizations. 

6.2 LIMITATIONS AND FUTURE WORK 

The main limitation of this thesis is that PMSS is ex-post validated through interviews with domain 

experts and that it is not tested in a naturalistic setting. For the evaluation of the guideline, PMSS and 

the prototypical tool are explained and demonstrated to domain experts with an example use-case. After 

the demonstration, the experts were asked questions regarding the validity and utility of the guideline. 

This validation would hold more value if PMSS was used in a real-life setting, where the domain experts 

would use the guideline and the tool support to perform Six Sigma activities and thereafter confirm the 

validity and utility of the guideline. Future work regarding this limitation could be to organize case 

studies in organizations that adopt Six Sigma principles. To let them use the guideline in a complete 

rundown of the DMAIC model and see if it is indeed the case that Six Sigma activities can be performed 

more effectively.  

The Six Sigma experts that validated the guideline mentioned that the connection between Process 

Mining and the Six Sigma tools that they would traditionally use in each phase can be further clarified. 

Therefore, there is a need to explicitly describe how Process Mining can complement the traditional Six 

Sigma techniques. It needs to be incorporated into the standard operating procedure for the whole 

DMAIC model [Appendix J1]. One way to do that in future work would be to create the mapping from 

another perspective. For this thesis, Process Mining was selected as the starting point, which was linked 

to the phases of the DMAIC model. Doing it the other way around might make the connection between 

Process Mining and the traditional Six Sigma tools more explicit. 

Besides that, PMSS is intended as being complementary to the DMAIC toolkit. As it is designed right 

now, there is still need to resort to other (traditional Six Sigma) tools quite often. Future work would be 

to improve PMSS in such a way that it truly supports all DMAIC activities such that PMSS can replace 

the existing tools rather than complement them.  

Additionally, the tool support can be improved. The first point is related to PMSS being complementary 

to the DMAIC toolkit. In designing the prototype, the focus was on showing the right Process Mining 

techniques for each phase. However, domain experts mentioned that it would be nice to have traditional 

Six Sigma techniques in there as well. For example, adding distribution plots and control charts in the 

Measure phase to verify the problem. If that would be done, it could help to show even more how Process 

Mining complements the existing Six Sigma techniques and the other way around. Moreover, there 

would be less need to resort to other tools. Furthermore, it was mentioned that it would be nice to have 

different perspectives on the tool support. The dashboards are designed in a generic way in order to 

cover all types of problems. However, being able to select a problem and only see dashboards that are 

relevant to that particular problem would be a useful addition. In addition, the dashboards are designed 

to be quite simple. The standard application already covers more advanced Process Mining techniques, 

so the decision has been made to link the dashboards to those relevant parts of the application. Adding 

more advanced Process Mining techniques in each dashboard such that it can operate on its own and 

does not rely on the rest of the application would be a welcome addition. A last minor addition which 

could be implemented is to have a feature related to benefit checking in the Control phase so that the 

impact of the improvement becomes visible in terms of added value. To cope with this limitation of the 
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tool support, it would be useful to have additional brainstorm sessions, this time with both Six Sigma 

and Process Mining experts to determine where the tool support should be updated.  

A limitation of the tool support that has not so much to do with the implementation, but rather with the 

way it is developed, is the fact that tags need to be added in the Connector. Once causes to the problem 

are found in the analyze phase, there is need to go back to the Connector in order to tag the problem 

cases as such. This leads to unnecessary moves between the measure and the analyze phase of the 

DMAIC model. The tool support would be greatly improved if tags can be added to cases that cause the 

problem from within the application. 

Lastly, a commercially available enterprise Process Mining solution is used to create the tool support 

prototype in order to get all desired functionality within a single platform. For future work, the constructs 

on which the dashboards are created can be generalized such that it is possible to use publicly available 

Process Mining tools (e.g., ProM).  
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APPENDIX A  

Appendix A holds the figure that belongs to subsection 2.1.1 of the thesis.  

Figure A-1 shows some steps frequently used within each phase of the DMAIC model. Each block 

corresponds to a single phase and contains a list of common steps to be taken. The diagram is retrieved 

from [7]. 

 

Figure A-1: How to use DMAIC on a Six Sigma project [7] 
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APPENDIX B  

Appendix B holds the figures that belong to subsection 2.2 of the thesis.  

Figure B-1 shows a fragment of a typical event log. This particular fragment holds a case id, an event 

id, a timestamp, the activity that was performed, the resource that conducted the activity, and lastly the 

cost of that particular event. The snippet is retrieved from [2]. 

 

Figure B-1: A fragment of an event log: each line corresponds to an event [2] 
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Figure B-2 shows the positioning of the three main types of Process Mining. As one can see, Process 

Mining is operational between event logs on the one hand and process models on the other hand. A 

software system controls real-world business processes and records events which are stored in the event 

logs. Process Mining is then able to provide and analyze process models which are a fact-based 

representation of those real-world business processes. The figure is retrieved from [2]. 

 

Figure B-2: Positioning of the three Process Mining techniques [2]  
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APPENDIX C  

Appendix C presents the different Process Mining methodologies reviewed in subsection 2.3. Appendix 

C1 contains information about the Process Diagnostics Method. The Methodology for Business Process 

Analysis in Healthcare can be found in Appendix C2. Process Mining Project Methodology is shown in 

Appendix C3 where Appendix C4 shows the L* Methodology. Lastly, Appendix C5 shows the Process 

Mining Methodology for Emergency Room Processes. 

 PROCESS DIAGNOSTICS METHOD 

The Process Diagnostics Method is a methodology designed for quick process diagnostics. The 

methodology aims at giving a broad overview of the process in the information system within a short 

period of time [3]. PDM consists of five phases. Log preparation where an event log is extracted, log 

inspection one checks and verifies the event log, control flow analysis where the control flow gets 

analyzed (e.g., structure of the process, routing probabilities), performance analysis where one looks at 

the performance (e.g., throughput time of cases, longest waiting time), and role analysis (e.g., resources 

per task, handover-of-work). Figure C-1 shows a graphical representation of the PDM methodology. 

 

Figure C-1: The phases of PDM [3] 
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 METHODOLOGY FOR BUSINESS PROCESS ANALYSIS IN HEALTHCARE 

According to [4], the Methodology for Business Process Analysis in Healthcare is designed as an 

extension of PDM. As mentioned by its creators, it has been developed in such a way that it can handle 

the characteristics of healthcare processes. Therefore, the PDM framework shown in Figure C-1 has 

been expanded with a subprocess which is mostly used to study infrequent behavior and process variants 

[4]. Figure C-2 shows the graphical representation of this BPA-H framework. Notice that it is has a 

slightly different setup than the PDM framework, where the control flow analysis and performance 

analysis happened in sequence. Other than that and the fact that there is a subprocess to cope with 

specific healthcare processes, the BPA-H framework is similar to the PDM framework. 

 

Figure C-2: The phases of BPA-H [4] 
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  PROCESS MINING METHODOLOGY FOR EMERGENCY ROOM PROCESSES 

PMMERP is created in order to improve the efficiency and effectiveness of emergency rooms with the 

help of Process Mining [5].  It consists of six different stages: the data extraction stage, the event log 

creation stage, the filtering stage, the data analysis, and Process Mining stage which happen in parallel, 

and finally the results evaluation stage. The first stage is to identify the data, extract it from the sources, 

and checking the quality of that extracted data. After the data has been extracted and checked, one can 

move on to the event log creation stage where the event data is turned into an event log. Now that there 

is an event log, it can be filtered such that it contains the right information necessary for the analysis. 

Next, data analysis and Process Mining happen iteratively in order to find out problems in the process 

and possible improvement opportunities for them. In the last stage, one would consult with emergency 

room experts in order to evaluate the findings from the data analysis and Process Mining stage. For the 

steps that one needs to take within each stage, the reader is referred to the original paper [5].  

 

Figure C-3: The phases of PMMERP [5] 
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  PROCESS MINING PROJECT METHODOLOGY (PMPM) 

Process Mining Project Methodology (PMPM) is a methodology containing six phases: scoping, data 

understanding, event log creation, Process Mining, evaluation, and deployment. In those phases, 18 

activities are defined which are considered to be essential in any Process Mining project [6]. The visual 

version of the PMPM methodology can be found in Figure C-4. 

 

Figure C-4: The phases of PMPM [6] 
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  L* METHODOLOGY 

The L* methodology describes the life-cycle of a Process Mining project aiming to improve structured 

processes [2]. The first step in the L* methodology is to create a plan and justification of the planned 

activities. After initiating the project, event data, models, objectives, and questions need to be retrieved 

from information systems, domain experts, and management [2]. In the third stage, control flow analysis 

is conducted. Thereafter, the model is enhanced by adding more perspectives to the control-flow level 

(e.g. organizational, the case, and the time perspective). The L* methodology ends with an operational 

support phase. A graphical representation of the L* methodology can be found in Figure C-5. 

 

Figure C-5: The phases of L* [2] 
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APPENDIX D  

Appendix D holds the iterations that PMSS went through. The figures below show in chronological 

order its iterations. Figure D-1 shows the first iteration of PMSS where the stages of PM2  are mapped 

to the phases of DMAIC. One can see three different entry points into the model indicated with the green 

parts. 

 

Figure D-1: First iteration of PMSS 

Figure D-2 shows the second iteration of PMSS in which the entry points have been replaced by arrows 

that are able to skip parts of the model. Furthermore, the whole model has been made iterative.  

 

Figure D-2: Second iteration of PMSS 
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Figure D-4: Fourth iteration of PMSS 

Figure D-3 shows the third iteration of the guideline. Based on new insights the measure phase went 

from the mining & analysis stage to the extraction and data processing stages. Placing the mining & 

analysis block outside the main flow lead to the fact that the DMAIC phases are no longer overlapping.  

 

Figure D-3: Third iteration of PMSS 

Figure D-4 presents the fourth iteration of PMSS. The mapping to the different phases of DMAIC has 

been made more explicit and is linked to one of the handouts presented during the interviews (Appendix 

E5). The Process Mining techniques can now be found in the legend. This iteration is the one used in 

the interviews. It can be found as a bigger version in Appendix E7. 
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Based on the interviews, the guideline has been adapted into the version which can be found in Figure 

D-5. A layer which shows the responsible roles for each step has been included, data verification has 

been added, montitoring & evaluation have been split, and the link to the legend has been made more 

clear. Lastly, its iterative nature has been made more explicit.  

 

Figure D-5: Fifth iteration of PMSS 
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After demonstrating the guideline to experts, it has been changed once more. Data preparation has been 

made into a separate step rather can being inherited in mining & analysis. This made the separation of 

the two parts in the legend possible. Because of this, preliminary data preparation has been added in the 

define phase. Lastly, the iteration loop has been removed from the legend and moved to the main flow.  

 

Figure D-6: Sixth and final iteration of PMSS 
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APPENDIX E  

Appendix E contains the interview setup. It presents the templates used for the interviews, together with 

the use cases and handouts presented to the interviewees.  

  INTERVIEW TEMPLATE PROCESS MINING EXPERTS 

Introduction        

      Q1 Are you familiar with Process Mining and its techniques? 

      Q2 Are you familiar with Six Sigma and especially its DMAIC model? 

General 

 Q3 DMAIC is an approach that Six Sigma practitioners use for improving processes. How do you 

approach a Process Mining project? 

 Q3.1 Can you explain how such a project would look for the use-case of the Bike Shop? 

Q4 Assume you're working on a project following the DMAIC model, how can your Process 

Mining knowledge help you during this project?  

Q4.1  Which problems do you think you would face? 

 Q4.2  Can a guideline help you to solve these problems?   

Mapping 

Q5 Remember that in the define phase the problem, the goal, customer requirements, and the 

process get defined, as well as that a project team gets composed. How would you use Process 

Mining in the define phase? 

 Q5.1 Can you apply this on the use-case of the Bike Shop? 

Q6 In the measure phase, data gets collected, measurements are taken and a baseline gets 

established. How would you use Process Mining in the measure phase? 

 Q6.1 Can you apply this on the use-case of the Bike Shop?  

Q7 The data collected in the previous phase gets analyzed in the analyze phase in order to find 

improvement opportunities. How would you use Process Mining to do the steps in the analyze 

phase more effectively?  

Q7.1 Can you apply this on the use-case of the Bike Shop? 

Q8 In the improvement phase, the best improvement opportunities are selected before actually 

improving and verifying the improvements. How would you use Process Mining to assist in the 

improve phase? 

 Q8.1 Can you apply this on the use-case of the Bike Shop? 

Q9 In the control phase, the process gets monitored so that the process can be continuously 

improved and expanded. How would you use Process Mining to assist in the control? 

 Q9.1 Can you apply this on the use-case of the Bike Shop? 
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Guideline 

Q10 Do you think that Six Sigma practitioners can successfully use Process Mining in a DMAIC 

project without the guideline or does a guideline help? Why? 

Q11 What information do you feel that is missing in the guideline? 

Q12 Is the guideline clear enough or do you want more details for each phase? 

Q13 I think that I covered most aspects involving Process Mining within the DMAIC model. Do you 

think that there are areas which we haven't spoken about of which you think are important for 

the guideline? 

Closing 

     Q14 Are there any questions you expected me to ask that I didn’t? 

     Q15 Can I ask you for advice or information later in my thesis might the need occur? 

     Q16 Do you want to keep informed on the progress of this thesis and the guideline? 

     Q17 I am going to transcribe this interview in order to use it in the thesis. Can I send you the transcript 

so you can verify that you agree with everything mentioned during the interview? 

  INTERVIEW TEMPLATE SIX SIGMA EXPERTS 

Introduction        

Q1 When I explain Six Sigma to other people I tell them that it’s a management strategy in which 

one aims for a process yielding less than 3.4 defects per million cases. How would you explain 

Six Sigma?  

Q1.1 Can you tell me where you get your Six Sigma experience from?  

Q1.1 Are you also familiar with its DMAIC model? 

       Q2 Are you also familiar with Process Mining and its techniques? 

General 

  Q3 I just explained some Process Mining techniques that can be used for improving processes. How 

would you normally approach a process improvement project, not necessarily with the use of 

Process Mining? 

 Q3.1 Are there any statistical methods that you use? 

 Q4 When you're working on a project with the DMAIC model, how and where would you use the 

Process Mining techniques?  

 Q4.1 Which statistical methods do you use in each of the phases? 

Q4.2  Which problems do you think you would face regarding the use of Process Mining 

combined with the DMAIC model? 

 Q4.3  Can a guideline help you to solve these problems?   
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Mapping 

Q5 I just explained a use-case where process discovery, conformance checking, and 

enhancement were used to help a manager improve his process. The goal is to map these 

Process Mining techniques to the phases of the DMAIC model. Do you think that these 

techniques can be used to make the define phase more efficient? If so, which techniques and 

how? 

Q5.1 What did you do before you used Process Mining and how did Process Mining help you 

in this phase? 

Q5.2 Are there any Six Sigma techniques that would complement the use of Process Mining 

in the define phase? 

Q6 Can these Process Mining techniques also be used to make the measure phase more efficient? 

If so, which techniques and how? 

Q6.1 What did you do before you used Process Mining and how did Process Mining help you 

in this phase? 

Q6.2 Are there any Six Sigma techniques that would complement the use of Process Mining 

in the define phase? 

Q7 Can these Process Mining techniques also be used to make the analyze phase more efficient? If 

so, which techniques and how? 

Q7.1 What did you do before you used Process Mining and how did Process Mining help you 

in this phase? 

Q7.2 Are there any Six Sigma techniques that would complement the use of Process Mining 

in the define phase? 

Q8 Can these Process Mining techniques also be used to make the improve phase more efficient? 

If so, which techniques and how? 

Q8.1 What did you do before you used Process Mining and how did Process Mining help you 

in this phase? 

Q8.2 Are there any Six Sigma techniques that would complement the use of Process Mining 

in the define phase? 

Q9 Can these Process Mining techniques also be used to make the improve phase more efficient? 

If so, which techniques and how? 

Q9.1 What did you do before you used Process Mining and how did Process Mining help you 

in this phase? 

Q9.2 Are there any Six Sigma techniques that would complement the use of Process Mining 

in the define phase? 

Guideline 

Q10 Do you think that you could successfully use Process Mining in a DMAIC project without the 

guideline or does a guideline help? Why? 
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Q10.1 Within the Process Analysis is a view containing statistical methods would be most 

convenient for you to include in this view? 

Q10.2 Can you also think of other Six Sigma tools or techniques that could be incorporated 

into a Process Mining tool/the application? 

Q11 What information do you feel that is missing in the guideline? 

Q12 Is the guideline clear enough or do you want more details for each phase? 

Q13 I think that I covered most aspects involving Process Mining within the DMAIC model. Do you 

think that there are areas which we haven't spoken about of which you think are important for 

the guideline? 

Closing 

     Q14 Are there any questions you expected me to ask that I didn’t? 

     Q15 Can I ask you for advice or information later in my thesis might the need occur? 

     Q16 Do you want to keep informed on the progress of this thesis and the guideline? 

     Q17 I am going to transcribe this interview in order to use it in the thesis. Can I send you the transcript 

so you can verify that you agree with everything mentioned during the interview? 

  USE CASE FOR PROCESS MINING EXPERTS 

To get a sense of how the DMAIC model works, an use case is provided as an example. Think about a 

broken bike that needs to get repaired. When your bike has a flat tire you might want to get it repaired 

at the bike shop. 

The ‘fix tire’ process at the bike shop is highly simplified. A bike arrives at the shop where a mechanic 

checks whether the inner tube can be repaired, or if it needs to be replaced. He acts accordingly and 

repairs or replaces the tire. After fixing the flat tire problem, the tire gets inflated and the bike can be 

picked up by its owner. A tire fix is said to be successful if the owner has its bike back with an inflated 

tire within 3 days, otherwise the tire fix is deemed unsuccessful. 

 

Figure E-1: Process graph of the bike hop use-case for Process Mining experts 

Now imagine that the bike shop adopted the Six Sigma principles. This means that the ‘fix tire’ process 

needs to run at ‘Six Sigma’ where sigma is defined as the standard deviation of the normal distribution. 

When a process runs at Six Sigma, it means that the number of defects (unsuccessful tire fixes) lies 

within six standard deviations of the normal distribution. This means that for every million tire fixes, 

only 3.4 cases may be unsuccessful yielding a success rate of the ‘fix tire’ process needs to be 99.9997%. 
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The manager of the bike shop notices that the ‘fix tire’ results in more than 3.4 unsuccessful tire fixes  

per million cases, and he wants to improve this process. Because they use the Six Sigma management 

strategy, the DMAIC model is used to try and improve the process.  

In the first step, the problem gets defined and goals for improvement are set. In this case, the problem 

is that there are too many unsuccessful tire fixes, and the improvement goal is to reduce the number of 

unsuccessful tire fixes to less than 3.4 defects per million cases. 

After establishing the improvement goals, the existing system gets measured. For this simple process, 

the number of unsuccessful tire fixes, as well as the time it takes to get the bike back to the owner get 

measured.  

In the analyze phase, the manager looks at the problems (unsuccessful tire fixes) and its possible causes. 

After looking at the last million cases, it turns out that there were 25 unsuccessful tire fixes. 15 cases in 

which the tire was inflated, but the owner did not have his bike back within 3 days and 10 cases in which 

the owner did have his bike back in time, but the tire did not hold any air. For the cases in which the 

owner did not have his bike back on time, it turned out that the tire could not be repaired and that the 

bike shop was out of replacement tubes so the mechanic had to wait for new replacement tubes to arrive 

before being able to replace the tire. In the cases where the tire did not hold any air, the mechanic thought 

he had successfully repaired the tire. However, it turned out that he made a false assessment of the tire, 

and that it could not be repaired but should have been replaced. 

Now that the causes for the unsuccessful repairs are known, the process can be improved. The manager 

initiates a new stocking policy which ensures that the bike shop does not run out of replacement tires. 

Furthermore, the mechanic gets training such that he is able to make a better assessment of flat tires so 

he knows better when to repair an inner tube and when to replace it.  

In control, the improvements made to the process are being monitored. After another million tire fixes, 

the manager looks at the number of unsuccessful repairs again. It turns out that it happened only 2 times 

that the owner did not have his fixed bike back within 3 days, and only 1 time the owner got the bike 

back while it still had a flat tire. This means that the process now has only 3 unsuccessful repairs per 

million cases. Therefore, the manager can claim that the process runs at Six Sigma, since it has less than 

3.4 defects per million cases.  

  USE CASE FOR SIX SIGMA EXPERTS 

To get a sense of how a general Process Mining project works, an use case is provided as an example. 

Think about a broken bike that needs to get repaired. When your bike has a flat tire you might want to 

get it repaired at the bike shop. 

The ‘fix tire’ process at the bike shop is highly simplified. A bike arrives at the shop where a mechanic 

checks whether the inner tube can be repaired, or if it needs to be replaced. He acts accordingly and 

either repairs or replaces the tire. After fixing the flat tire problem, the tire gets inflated and the bike can 

be picked up by its owner. A tire fix is said to be successful if the owner has its bike back with an inflated 

tire within 3 days, otherwise the tire fix is deemed unsuccessful.  

The manager of the bike shop notices that he has quite some unsuccessful bike fixes and he wants to do 

something about that. He has a friend that studied Data Science who recommends him to try and improve 

the process with the help of Process Mining. The manager asked his friend to help him with process 

improvement project. 
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Figure E-2: Process graph of the bike hop use-case for Six Sigma experts 

His friend loads the data into the Process Mining tool that he often uses and he instantly gets all basic 

information about the event data. He learns that there are 30 unsuccessful bike fixes in their last million 

bike fixes. He consults with the manager and they agree that this is too many and that they should try to 

improve the process in such a way that the number of unsuccessful bike fixes decreases. Furthermore 

he notices that the throughput time cases that are deemed unsuccessful is quite a bit higher than for the 

others. 

Of course the manager has a global idea of what the process would look like, but his friend starts with 

process discovery in order to find out the structure of the process based on the data logged by the bike 

shop’  information system. With the use of process discovery, the structure of the process became clear 

because it showed frequent paths in the process, as well as information on how many bikes took which 

path. His friend notices nothing out of the ordinary. 

Analyzing the process graph did not result in a clear understanding of the cause of the high number of 

unsuccessful bike fixes. With the use of conformance checking, his friend looked if there were perhaps 

deviations from the normal path, which could be the reason for the high throughput times of the cases 

where the bike fix was unsuccessful. A quick look showed that there weren’t any deviations from the 

normal path. Even more so, the process was in full compliance with the model that the manager drew 

based on his understanding of the process. 

After using process discovery and conformance checking it seemed that the process itself did not show 

any abnormalities which could cause the high throughput time. His friend suggested to use 

enhancement to find out what was actually causing these high throughput times. With the use of some 

nifty dashboards, he is able to do a time analysis and he sees that the throughput time of ‘replace tire’ 

is quite high and might very well be the cause of the problem. He dives deeper in this activity to check 

whether this causes the unsuccessful bike fixes. It turned out that for every time that a needed to be 

replaced, in 20 cases the activity has to wait because there was no replacement tire, and for another 10 

cases the activity was performed by the manager of the bike shop, seemingly because no other employees 

were available.  

With the use of Process Mining, his friend was able to find out that there were 30 unsuccessful bike 

fixes in their last one million bike fixes due to long throughput times in the process. With the help of 

process discovery and conformance checking, abnormalities in the flow of the process were ruled out. 

Finally, with the help of enhancement techniques, his friend was able to find the causes for all 30 

unsuccessful bike fixes of which 20 were due to the absence of replacement tires and 10 were due to the 

lack of replacement skills of the manager. 

Based on this information, the manager decided to switch to another supplier to ensure that the bike 

shop is never out of replacement tires again. Furthermore, he asked one of his employees to train him 

so he would be able to replace tires more efficiently when there were no other employees around. 
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Half a year later, the manager got an update from his friend. It turned out that he used his Process Mining 

platform in order to monitor the process. The improvements that the manager instantiated turned out to 

be quite effective. The throughput time of ‘replace tire’ decreased resulting into merely 3 unsuccessful 

cases in their last million bike fixes. Hence, with the use of Process Mining the manager was able to 

decrease the number of unsuccessful bike fixes. 
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APPENDIX F  

Appendix F presents the coding created to process the results and the findings of the interviews. Codes 

have been created for each question and the answer that was given was analyzed and a classification is 

made for that code. If the transcription did not provide an answer to one of the questions, it is classified 

as not answered or not asked, which is abbreviated as N.A. 

Table F-1 shows the code for the question if the interviewee is familiar with Process Mining.  

Table F-1: Is the interviewee familiar with Process Mining? 

familiar_PM Yes 

PMD1 x 

PMD2 x 

ACA1 x 

PMCon1 x 

PMS1 x 

PMCon2 x 

PMC1 x 

SSE1 x 

SSE2 x 

PMS2 x 

PMC2 x 

ACA2 x 

PMCon3 x 

 

Table F-2 shows the code for the question if the interviewee is familiar with Six Sigma.  

Table F-2: Is the interviewee familiar with Six Sigma? 

familiar_SS Yes No 

PMD1 
 

x 

PMD2 
 

x 

ACA1 
 

x 

PMCon1 x 
 

PMS1 
 

x 

PMCon2 x 
 

PMC1 
 

x 

SSE1 x 
 

SSE2 x 
 

PMS2 x 
 

PMC2 x 
 

ACA2 x 
 

PMCon3 x 
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Table F-3 shows when in the DMAIC model Process Mining techniques can be used according to the 

interviewees.  

Table F-3: Where in the DMAIC model can Process Mining techniques be used? 

usage D M A I C  

PMD1 x x x 
 

x  

PMD2 x x x 
 

x  

ACA1 x x x 
 

x  

PMCon1 x x x 
 

x  

PMS1 x x x 
 

x  

PMCon2 
 

x x 
 

x  

PMC1 x x x 
 

x  

SSE1 x x x 
 

x  

SSE2 x x x 
 

x  

PMS2 x x x 
 

x  

PMC2 x x x 
 

x  

ACA2      N.A. 

PMCon3 x x x x x  

 

Table F-4 shows the mapping of which Process Mining techniques can be used in which phase of the 

DMAIC model.  

Table F-4: Which Process Mining techniques can be used in which phase of DMAIC? 

mapping Data Preparation Discovery Conformance  Enhancement  

 
D M A I C D M A I C D M A I C D M A I C  

PMD1 x x x 
  

x 
 

x 
 

x x 
 

x 
 

x x 
 

x 
 

x  

PMD2 x x x 
  

x 
 

x 
 

x x 
 

x 
 

x x 
 

x x x  

ACA1 
     

x x 
    

x x 
 

x 
  

x 
 

x  

PMCon1 x x 
   

x 
 

x 
  

x 
 

x 
 

x x 
 

x 
 

x  

PMS1 
 

x x 
 

x x 
 

x 
 

x x 
 

x 
 

x 
  

x 
 

x  

PMCon2 
 

x 
   

x x x 
    

x 
 

x 
  

x 
 

x  

PMC1 x x 
   

x x x 
 

x 
  

x 
 

x 
    

x  

SSE1 x x 
     

x 
    

x 
 

x 
  

x 
 

x  

SSE2 
     

x 
 

x 
  

x 
 

x 
 

x x 
 

x 
 

x  

PMS2 
     

x x x 
 

x x x x 
 

x x x x 
 

x  

PMC2 x x 
   

x x x 
  

x 
 

x 
 

x x 
 

x 
 

x  

ACA2                     N.A. 

PMCon3 x x x x x x x x 
    

x 
    

x 
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Table F-5 shows what the interviewees think that is missing from the guideline.  

Table F-5: What is missing from the guideline? 

missing Steps Tool Support Resources Differences Planning Verify Data Templates Data Context 

PMD1 x x       

PMD2 x x       

ACA1 x x       

PMCon1 
 

x       

PMS1 
  

x      

PMCon2 x x       

PMC1 x x  x x    

SSE1 x 
 

      

SSE2 x 
 

 x     

PMS2 
  

  x    

PMC2 
  

   x   

ACA2 x x     x  

PMCon3 x 
 

     x 

 

Table F-6 shows whether or not the interviewies think that the granularity of the diagram is right.  

Table F-6: Is the granularity of the diagram right? 

granularity Yes Depends N.A. 

PMD1 x   

PMD2 
 

 x 

ACA1 x   

PMCon1 
 

 x 

PMS1 x   

PMCon2 
 

x  

PMC1 x   

SSE1 
 

 x 

SSE2 
 

 x 

PMS2 
 

 x 

PMC2 x   

ACA2 x   

PMCon3 x   
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Table F-7 presents which type of people should be involved in (some of) the steps of a Process Mining 

project.  

Table F-7: Which people should be involved in the steps of a Process Mining project? 

involved 
Project 

Manager Consultant 

Data 

 Analyst 

 

Customer 

Account 

manager 

Business 

 User 

Process 

 Expert 

Process 

Owner 

 

N.A. 

PMD1 x x x x x x    

PMD2 
 

 x   x x   

ACA1 x         

PMCon1 
  

x x  x x   

PMS1 
  

x   x  x  

PMCon2 
  

      x 

PMC1 
  

      x 

SSE1 
  

x x      

SSE2 
  

   x    

PMS2 
  

 x  x    

PMC2 x x  x  x  x  

ACA2 
  

   x    

PMCon3 
  

   x    

 

Table F-8 shows whether or not the interviewees think that the measure step can be considered obsolete 

when Process Mining is in place.  

Table F-8: Is the measure step obsolete when Process Mining is in place? 

measure_obsolete Yes No N.A. 

PMD1 x   

PMD2 x   

ACA1 
 

 x 

PMCon1 x 
 

 

PMS1 
 

x  

PMCon2 
 

x  

PMC1 
 

x  

SSE1 
  

x 

SSE2 
  

x 

PMS2 
 

x  

PMC2 
 

x  

ACA2 
  

x 

PMCon3 
 

x  
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Table F-9 presents if the interviewees think that the improve phase of DMAIC should happen at the 

client side.  

Table F-9: Does improve happen at the client side? 

improve_client Yes 

PMD1 x 

PMD2 x 

ACA1 x 

PMCon1 x 

PMS1 x 

PMCon2 x 

PMC1 x 

SSE1 x 

SSE2 x 

PMS2 x 

PMC2 x 

ACA2 x 

PMCon3 x 

 

Table F-10 shows whether or not the interviewees think that there is a need for a guideline such as PMSS 

to guide Six Sigma practitioners in the use of Process Mining techniques within their DMAIC model.  

Table F-10: Is there a need for the guideline? 

guideline_need Yes No Depends 

PMD1 x   

PMD2 x   

ACA1 x   

PMCon1 x  
 

PMS1 x  
 

PMCon2 x  
 

PMC1 x  
 

SSE1 x  
 

SSE2 
 

x 
 

PMS2 x  
 

PMC2 
 

 x 

ACA2 x  
 

PMCon3 x  
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Table F-11 shows if there were any other questions.  

Table F-11: Are there other questions? 

other_questions Yes No 

PMD1  x 

PMD2  x 

ACA1  x 

PMCon1  x 

PMS1 
 

x 

PMCon2 
 

x 

PMC1 x 
 

SSE1 
 

x 

SSE2 
 

x 

PMS2 
 

x 

PMC2 
 

x 

ACA2 
 

x 

PMCon3 x 
 

 

Table F-12 shows if the interviewee is open to be asked for advice later in the thesis.  

Table F-12: Open to be asked for advice later on? 

advice Yes No 

PMD1 x  

PMD2 x  

ACA1 x  

PMCon1 x 
 

PMS1 x 
 

PMCon2 x 
 

PMC1 x 
 

SSE1 x 
 

SSE2 x 
 

PMS2 x 
 

PMC2 x 
 

ACA2 
 

x 

PMCon3 x 
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Table F-13 presents if the interviewee wants to be kept informed on the progress of the thesis and PMSS.  

Table F-13: Want to be kept informed on the progress? 

informed Yes 

PMD1 x 

PMD2 x 

ACA1 x 

PMCon1 x 

PMS1 x 

PMCon2 x 

PMC1 x 

SSE1 x 

SSE2 x 

PMS2 x 

PMC2 x 

ACA2 x 

PMCon3 x 

 

Table F-14 shows whether or not the content of the transcript has been verified by the interviewee.  

Table F-14: Content of the transcript verified? 

transcript Yes 

PMD1 x 

PMD2 x 

ACA1 x 

PMCon1 x 

PMS1 x 

PMCon2 x 

PMC1 x 

SSE1 x 

SSE2 x 

PMS2 x 

PMC2 x 

ACA2 x 

PMCon3 x 
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APPENDIX G  

Appendix G contains transcriptions of the validation interviews conducted with the Six Sigma and  

Process Mining experts. For the sake of anonymity, names are omitted and the following coding scheme 

has been used: 

- Process Mining Developers   (PMD1 and PMD2) 

- Process Mining Salespersons  (PMS1 and PMS2)  

- Process Mining Consultants   (PMCon1, PMCon2, and PMCon3) 

- Process Mining C-Level    (PMC1 and PMC2) 

- Six Sigma Experts    (SSE1 and SSE2) 

- Academics     (ACA1 and ACA2) 

- Author     (AUTHOR) 

  INTERVIEW 1 – PROCESS MINING DEVELOPER 1 –  18-04-2018 

G1.1  GENERAL INFORMATION 

Table G-1: General information for interview 1 

Date 18-04-2018 

Length of the interview 00:28:57 

Name of interviewee [PMD1] 

Experience 12 years with Process Mining and data visualization, heard from Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six 

Sigma 

Goal To learn how a Process Mining developer would use Process Mining in Six Sigma 

G1.2  INTRODUCTION 

[AUTHOR] Are you familiar with Process Mining and its techniques? 

[PMD1] Yes.  

[AUTHOR] Yes. Are you using it in your everyday life? Or where do you get your experience from? 

[PMD1] Everyday life, no. But on a weekly basis, I think yes. Well, maybe even daily. 

[AUTHOR] Okay, are there any particular topics within Process Mining that you do more often than 

others? Or do you use Process Mining in the broadest sense? 

[PMD1]  I think I use Process Mining more as a means than as a technical method. Because I 

more develop using Process Mining, I don't use it itself that much. 

[AUTHOR] So you are involved in the development of a Process Mining tool rather than using 

Process Mining. 

[PMD1] Yes. 

[AUTHOR] Are you also familiar with Six Sigma and especially its DMAIC model? 

[PMD1] No. I don’t. 
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[AUTHOR] I prepared a little diagram for you, you can look at it during the interview if you need to 

have more clarification. I will go through the steps real quick. DMAIC stands for Define, 

Measure, Analyze, Improve and Control. In the first phase, you're trying to define the 

research goal, you're selecting a business process that you want to improve, you 

determine research questions and the problems that you want to solve. You also 

compose a project team. Then in the measure phase, you're settling on the measurements 

that you want to make. For example, you record throughput time, or you would like to 

count the number of defects that you have for a process. They of course rely on the 

research questions and the problem that you defined but you gather data and you 

establish a baseline for it. Then in the analyze phase, you're going to look deeper into 

the measurements. You're going to look at the data and try to find causes for the 

problems that you're having. So perhaps you measured the throughput time and you 

have some cases that have a really long throughput time then in the analyze phase you 

can look at that and determine why that is the case. Hopefully, you found some 

improvement opportunities and in the next phase in improve you're going to improve 

the process. In the control phase, you're monitoring the process and trying to figure out 

if everything worked. Hopefully, it did and then you can try to define new problems 

again or perhaps there aren't any. So, that's really short what the DMAIC model is.  

G1.3  GENERAL 

[AUTHOR] DMAIC is an approach that Six Sigma practitioners use for improving processes. If you 

were to use a  Process Mining approach, how would you use Process Mining to improve 

a process?  

[PMD1]  So, how do we do it? We first try to talk to the customer and see where the pain points 

are to actually get something that we can prove that Process Mining can help to improve 

your business. Then we, mostly it will be sales part that finds out what the problem will 

be and the scope will be of the first project that we will do. Then we will have a short 

kick-off meeting where we all people will gather. We at least have the project manager 

there, the consultant, at least one data analyst - which can be a partner or from the 

customer itself -, the responsible person from the customer will be there, and the account 

manager will be there. During the kick-off meeting, which relates a bit to define, you 

actually define the project plan that you're going to do. What will be the scope of the 

project, how will we do it, what is the timespan, who will be involved, which resources 

do we need - so do we need IT people for this, or how much IT people do we need, who 

can we contact for that and stuff like that -. Then the next phase we most of the time try 

to gather the data, sometimes we try to already get that before the kick-off meeting, 

sometimes after it. We at least try to get some data before the kick-off meeting. What we 

try to do is send to our customers an excel sheet with the format of data that we would 

like. Then we receive that data from the customer. Then we start to do the ETL on the 

data, so preparing the data for our application. With the first run of that, we just get the 

base data, we don't add any extra business value to it. We put it in the application and 

already show what we can do without adding anything. The next step will mostly be that 

we are going to talk with the business people and figure out what problems they already 

know they have so that we can create some sort of what we call tags in our application 

so that they can see, for example, everything needs to be done within 10 days then we 

can make a tag - we check if each case is done within 10 days and you can easily see 

which ones are longer. And then most of the time we start with analyzing the process, 

putting the things we find in there in tags as well. Then trying to convert that to how 

much money they will save because that is always important to the customer. Once we 

have done that, most of the time it's the end of the process and we're kind of stuck 

because the customer has to implement it and it doesn't always go forward. So actually 

the monitoring part is hard to achieve. After that, we would like to monitor people and 

tags, how often they occur and whether improvement of the process will let them occur 
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less. That's a part which is always hard. Ideally, you would have the business people 

really use the monitoring part so really checking the data and the tags weekly or monthly 

and we continue with the next process and so on and so on.  

[AUTHOR] So if you were to compare it to the DMAIC model, you mainly do the first three steps 

Define, Measure, and Analyze because at improving you often get stuck.  

[PMD1]  We already do some improvements. The problem is with improvements is that they really 

have to do it within the business. You really have to make sure that the business starts 

to change. That's something that we most of the time get stuck on. The first three are 

easy to do, but getting the improvement is really hard.   

[AUTHOR] So assume that you're working with the DMAIC model, do you think that when you 

look at those phases that Process Mining can help? You just described how you used 

Process Mining in your typical approach, but when you think of Define, do you think 

you can use Process Mining throughout the DMAIC phases?  

[PMD1]  I think the define phase is just a bit what we have now with the kick-off meeting. I think 

you can almost map it one on one with that one. It's more getting your prerequisites for 

your projects and what you want to achieve. I think that will map quite good on the 

define phase. 

[AUTHOR] And for the others? 

[PMD1]  Measure I think is gathering the data and ensuring the data is reliable, which are always 

the first steps we will do. Sometimes we do it before the define because it will take some 

time. Is adding business knowledge to the data part of Measure? Or where does data 

enrichment happen?  

[AUTHOR] Enriching the data indeed happens in measure.  

[PMD1]  Then Analyze and Measure more or less happen in a loop. Because after we analyze we 

find things that we want to track in the data so we add it to the data. I think analyzing 

is just the normal analyzing using the application to analyze the data. Improve I already 

told you is hard to get to. For monitoring, there is a monitoring part of the application 

which can be used to monitor the outcome.  

[AUTHOR] So you see usage for Process Mining within the DMAIC model? 

[PMD1] Yes 

[AUTHOR] Can you think of any problems that you would face when you would use Process Mining 

to support the model? 

[PMD1]  No I think even if you use this model and a company is really using the DMAIC model 

with this improve phase, the Six Sigma can really help our Process Mining project 

because then they already have the mindset of that they want to improve their business. 

Then it's easier to say during the kick-off meeting that we're going to improve it as well 

as part of the project. So if they already have that mindset it would really help from our 

perspective. 

[AUTHOR] And do you think that a guideline would be helpful for a Six Sigma practitioner to use 

or do you think that it's clear on its own when and how to use Process Mining.  

[PMD1]  For me it's hard to tell if a guideline is helpful for six sigma practitioners because I 

don't do six sigma. But if I know as a Process Mining expert how I can map my Process 

Mining knowledge and steps that I normally do on this DMAIC model I can guide the 

customer through it and use it. For example, if I know that they have the improve phase, 

use that they have this phase so that we can use it in our project.  
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[AUTHOR] For the remainder of the interview I would like to present a use-case. It's about a bike 

repair. There is a customer that has a flat tire. He goes to the bike shop because he wants 

to get it repaired and then a mechanic looks at the tire and he assesses whether the tire 

can be repaired or if the tire needs to get replaced. Based on that assessment he acts and 

either he replaces the tire or he repairs the tire and then he reflates the tire and the owner 

gets its bike back. A successful repair is said to be that the owner has his bike back 

within three days and that the tire is inflated again. When you would map a Six Sigma 

project on it, it would mean that it would have to have less than 3.4 unsuccessful bike 

fixes per million fixes. That's how high the standards of six sigma are. I would like to 

go through the DMAIC model for this use-case and then see how you would use Process 

Mining to help in these phases.  

G1.4  MAPPING 

[AUTHOR] So in the define phase you want to look at the process and define a problem for it. Define 

a problem, set research goals for this bike-shop example. In my opinion, the problem is 

that there are too much unsuccessful bike fixes. Could you explain how you would use 

Process Mining to figure out what is the problem in this case? 

[PMD1]  Yes, I think you can make a process graph out of it to actually get the real model of how 

the process goes. And also check where the bottlenecks are, so where it takes too much 

time or if there are too many reruns or something like that.  

[AUTHOR] Based on that information you really have the goals and improvement plan? 

[PMD1]  Yeah you can already see okay I have to improve the process here and probably this 

step is taking too long or we have to do let's say reflate the tire 5 times which is of course 

not a good thing.  

[AUTHOR] For the measure phase, because an unsuccessful bike fix is said to be too long or that 

the mechanic didn't reflate the tire properly. So how can you use Process Mining to 

measure the metrics that you need for improving this process? 

[PMD1]  Yeah I think with Process Mining you automatically already when you use our 

application, you already have this information directly. So once you have the data 

loaded in in the application you directly can see all the numbers that you need there. 

[AUTHOR] So there is no real need for Measure when you use Process Mining? 

[PMD1]  Well I'd say with Process Mining and our basic application you would get the measure 

I think for free.  You can see it like that. So in that way, it will support Six Sigma a lot 

because yeah you don’t have to get the data yourself, but you can get it yourself. 

[AUTHOR] So the data that we just measured which is the throughput time and the number of 

deflated tires at the end, they get analyzed and well when you would do it manually you 

would have to count all the numbers and yeah you would have some numbers on it. Can 

you use Process Mining to do this analyzing part more efficiently? 

[PMD1]  Yeah I think so because within the application you already have a lot of standard views 

or dashboards where you can see all kind of cross analyzation to check two different 

parts together and you can drill down to say, okay we have all cases here which are too 

late, is there maybe some type of bike that is wrong, if you have that in the data, so you 

can really drill down to the biggest problem in your data. And try to focus on that one 

[AUTHOR] Are there any particular Process Mining techniques that you then use in the analyze 

phase? Can you give an example of what you'd do? Because you're talking about looking 

at the type of bike. Can you explain to me how you can see that so quick? 

[PMD1] It's just in the application. So you have the dashboards and those are used to see it. 
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[AUTHOR] Okay, and in the dashboards, the traditional Process Mining techniques are in place? 

[PMD1] Yeah, the traditional Process Mining techniques combined with business intelligence. 

[AUTHOR] So now we know the causes of the many problems.  Well, improving didn't really have 

a link with Process Mining you said? 

[PMD1]  No I don't think that Process Mining can help in the improve phase because improving 

itself needs to be done within the business and of course it can help a bit with really 

showing the facts. So one difference that you can make is a lot of improvements 

sometimes are done on guesses, or let's say we think this is the problem so we are going 

to improve it. With Process Mining, you can actually get the facts from it. Here you can 

actually see okay, from 20 of the bikes that are wrong, or 20% of all bikes that wrong 

are of this type of tire that is used so this tire we should not use anymore. 

[AUTHOR] You already stated that you can then use some monitoring. Can you explain to me how 

you would monitor this process? How to ensure that it does not run at Six Sigma for 

example? 

[PMD1]  Yeah if you have this in your monitor that you can see how many bikes per month or per 

granularity that you choose have the defect of not being on time, you can monitor 

whether it's okay. 

[AUTHOR] So, when we go through our use-case like this. It seems that Process Mining fits really 

well within the DMAIC model, you can use it pretty much anywhere. 

[PMD1] Yeah 

G1.5  GUIDELINE 

[AUTHOR] Okay, well the goal of the thesis is of course to create a guideline for the six sigma 

practitioners to use and how they can use Process Mining. I made an initial version of 

it, which I have here. I can explain it real quick. You'll start at the top left in the planning 

phase. In planning you decide on which process you want to analyze and you establish 

research goals, research improvement goals, etc. And you can use a little bit of 

exploratory mining and analysis in which you can just choose all the Process Mining 

techniques to get a brief look at your data and to see whether it holds any opportunities 

for improvement. Those two steps combined are the define phase. When there is no data 

gathered yet you can move to extraction, in which you'll extract the event data that you 

want to use but there is also a possibility to skip this if you already have the event data 

and then you move straight to data processing. In data processing you can filter the data, 

you should clean the data, you can enrich the data and then you output clean event logs. 

If it were the case that you already had the clean event logs then you can move straight 

to the explanatory mining and analysis part. The extraction and the data processing part 

are said to be within measure. Then we move to the explanatory mining and analysis. 

That's where you really use Process Mining to find out the causes for the problems and 

then you hopefully have some improvement opportunities based on your analysis and 

you're defining them in that block. Those steps are the analyze phase. You can move on 

to process improvement and then finally you'd go to monitoring and evaluation which 

are in the control phase. Having had your first look at the diagram. Is it clear to you or 

do you want me to explain some things a little bit more? 

[PMD1]  So let's say in the define phase I already define which problem I'm going to solve let's 

say. And they the improvement opportunities are for example possible ways to solve this 

problem? 

[AUTHOR] Exactly 
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[PMD1] Ok. 

[AUTHOR] So when you look at the use case that we just discussed, the problem is that you have 

too many unsuccessful bike fixes and for improvement opportunities you find that you 

can either fix the resourcing schedule for the tires so that they are always present so that 

they don't have to wait or you can like educate the mechanic that he makes less mistakes. 

Something like that. So there are a few improvement opportunities that come from the 

analysis that you can try to use. 

 First and foremost, do you think that Six Sigma practitioners can use Process Mining 

within the DMAIC model without the guideline, or, having seen this, do you think that 

a guideline would help? 

[PMD1]  I think a guideline would help them, but it should not be only a picture but it should also 

be more explanatory. So let's say to get really in the define phase you really need to do 

this parts and this is a bit theoretical to work with. So for users, for example, if you 

would have our application. If you’d say you can actually use this parts of the 

application to define your problem, to do the measuring, and how to do the analyzing. 

I think that would help them even more.  

[AUTHOR] So you say there needs to be some tool support or a detailed guideline with steps? 

[PMD1] Yeah I think that will help them yes. 

[AUTHOR] When you look at the guideline, do you feel that some information is missing? For 

example the tool support? 

[PMD1]  The tool support is missing for me. Now it’s more an abstract picture. Some text around 

it would be nice. Also tool support, how to actually use it with the application that we 

use. 

[AUTHOR] Do you think that if you look at the picture, do you think that the granularity is okay or 

do you think that it needs to be more detailed. So for example, within planning there are 

some steps, some activities that you do. Because you compose a project team, you 

establish research goals, you establish your improvement plans. Do you think that it can 

be within the block planning or do you think that everything needs to be specified for 

the activities? 

[PMD1] I think most of it for me is self-explanatory. 

[AUTHOR] So the level of detail is okay? 

[PMD1] Yeah the level of detail for me would be okay, yes. 

[AUTHOR] Well I think I covered most aspects involving Process Mining with the DMAIC model. 

Do you think that I forgot something, or do you think that I didn't mention something 

that would be very important for the guideline? 

[PMD1] Yeah like a said, there's a bit of the tool support that is missing. 

G1.6  CLOSING 

[AUTHOR] Are there any other questions that you expected me to ask that I didn't ask? 

[PMD1] No. 

[AUTHOR] Well then we are at the end of the interview and I'd like to ask you if I could ask you for 

advice or information later on in the thesis? 

[PMD1] Yes, yes… 
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[AUTHOR] That's very nice of you, thank you. Do you also want to be kept informed on the progress 

of the thesis? 

[PMD1] Yes. 

[AUTHOR] Okay that's very nice. Well, that was the end of the interview. Thank you very much for 

your time and your effort. 

[PMD1] You're welcome. 

[AUTHOR] Thanks. 

  



G-8                                                            Bridging the Gap Between Process Mining and Six Sigma   

 

  INTERVIEW 2 – PROCESS MINING DEVELOPER 2 –  20-04-2018 

G2.1  GENERAL INFORMATION 

Table G-2: General information for interview 2 

Date 20-04-2018 

Length of the interview 00:39:57 

Name of interviewee [PMD2] 

Experience 2 years with Process Mining, 4 years with data visualization, heard from Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn how a Process Mining developer would use Process Mining in Six Sigma 

G2.2  INTRODUCTION 

[AUTHOR] Are you familiar with Process Mining and its techniques? 

[PMD2] Yes I am. 

[AUTHOR] And where do you get your knowledge from regarding Process Mining? 

[PMD2] I'm a product developer which means that I develop the application of Process Mining 

that we have in the company.  

[AUTHOR] It might be the case that later on in the interview I'll talk about traditional Process Mining 

techniques or techniques that we learned at the university and then I'll talk about process 

discovery, conformance checking, enhancement. Are you familiar with those terms, do 

you know what they mean? 

[PMD2] Yeah, but I'm not sure what enhancement means for you for instance. 

[AUTHOR] Enhancement for me means enhancing or improving the event log that you have and 

thereby the process. For example, you can look at the handover of work diagrams, or 

you look at throughput times, arrival rate, stuff like that. 

[PMD2] Ah okay, so like tackling a problem with different angles? 

[AUTHOR] Yeah, yeah exactly. 

[PMD2] Ok. Understood. I think, I hope.  

[AUTHOR] And are you also familiar with Six Sigma and the DMAIC model that's within there? 

[PMD2] No, no, I don't know. 

[AUTHOR] Okay. Well, Six Sigma is a management strategy developed by Motorola in the 1980's 

and what they try to achieve is to minimize the number of defects within a process. The 

limit for Six Sigma is 3.4 defects per million cases so that's really low. In order to do 

that they got the DMAIC model. DMAIC stands for Define Measure Analyze Improve 

and Control. By following that model they try to improve the process. I prepared a 

diagram for you and I'll give you some time to look at it and you can get back to me if 

you think you've read it. 

[PMD2] What do you mean by establishing a baseline in the measure phase? 

[AUTHOR] By establishing a baseline in the measure phase you define actually the levels at which 

the process runs right now. So, for example, the throughput time and the number of 
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defects that you have right now. So you establish a baseline of the metrics that you want 

to use and you try to improve that. 

[PMD2] So it's like the initial checkpoint? 

[AUTHOR] Yeah, exactly, yeah. 

[PMD2] Yeah I think it's clear. Yeah. 

[AUTHOR] Do you want me to go through the phases one more time or do you think, having read 

the diagram, you'd know the phases when I talk about them? 

[PMD2] I think it would be fine. 

G2.3  GENERAL 

[AUTHOR] Okay. Six Sigma practitioners use the DMAIC model for their process improvement 

projects. When you would do a process improvement project how would you use your 

Process Mining knowledge, or how do you currently approach such a project? 

[PMD2] In general you mean? Like how will I do it if I had to? Do I need to do the bridge or just 

how I would tackle a Process Mining process? 

[AUTHOR] I would just like to know how you would tackle a Process Mining project. 

[PMD2] What I will do, in my mindset is more now as a data analyst and we'll see. What I will 

do is first get all the data I have. Try to get to the preprocessing of the data, validation 

and understand that everything is as I expected. Afterward I think I'll go directly to the 

process graph to see how is my process and if it really complies with my expectations. 

I assume that it doesn't because I want to improve something so there is something 

wrong. I’ll try to find maybe bottlenecks and try to find something that I think can be 

improved, maybe moneywise or maybe time-related. I don't know. And afterward ill 

need some data experts, someone that really knows about the business itself. Then share 

my knowledge and my findings and understand which impact we can achieve by doing 

some modifications. Afterward they would have to try this thing and if it works then 

maybe define some KPI's and do a cycle there to check that everything is going fine 

[AUTHOR] So you will only define the KPI's after you improve the process?  

[PMD2] No, I should define them before, indeed. Yeah but there will be at the beginning more, 

maybe you can call them KPI's as well, yeah certainly. When I was thinking about 

improvement I relate some metrics to define to measure the actual state of the problem 

and afterward… I see KPI’s as a monitoring thing. So, I see something like, I start 

checking and I see the evolution. But yeah I should know the initial state so yeah I 

should define them before. But once I know the problem. If I don't know the problem I 

don't know what to look for, so it's really context dependent. 

[AUTHOR] And you say that data experts are important so you can share knowledge. Are they the 

only other people that you might need in a project? Or do you think you need others? 

[PMD2] In that part of the project you mean or in general? 

[AUTHOR] Yeah in general in a Process Mining project, do you only need to collaborate with the 

data experts? 

[PMD2] No, the data are the ones that I hope will understand most of the data, so they will know 

exactly what everything means. Then, to know if an improvement makes sense or not, 

business people are needed. Or people that, when it's a supply chain process or a 

manufacturing process, you need somebody that really knows everything about the 

process itself. So yeah that kind of people are also needed. 
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[AUTHOR] Okay, now assume that you're working in the DMAIC setting. Could you explain to me 

how you would use your Process Mining knowledge in each phase? 

[PMD2] Yeah. Let's go step by step, start with define. So in define, from my understanding, what 

I will need is to already have an understanding of the situation, of the process itself. And 

you said that I have to tell you how shall I involve Process Mining in this right? 

[AUTHOR] How you can involve Process Mining within those phases yeah. 

[PMD2] So I'll use Process Mining, the part of process discovery for sure because I need to know 

how it is. Afterward, now I have things in mind that are not really Process Mining but 

more for data understanding. 

[AUTHOR] But just tell them to me if you'd normally use them in your Process Mining project, then 

they're important. 

[PMD2] Aah okay. Then, like defining all the measures that I think that are related to this. So to 

define KPI's, or constant indicators that I can analyze. I try to focus, no but that's more 

on understanding of the problem. The part of customer requirements I think is not really 

Process Mining but more part of the business. 

[AUTHOR] That's true. 

[PMD2] And yeah, I think Process Mining is mainly important for the definition of the problem. 

What comes afterward is more of the business related stuff.  

Okay for the measure phase, what I will do here is more related to the ETL phase, so to 

the extraction of the data, maybe if we have defined a problem which data we don't have 

completely in a sense that maybe there is more data that we can get that is not already 

in the dataset. Maybe try to push to that path and get all data needed. For me, this is a 

previous step before starting the project. 

[AUTHOR] So you'd actually start with measure? 

[PMD2] Yeah, if I don't have data I cannot say anything, so that's something that must happen 

before. 

For the analyze, this one makes more sense with the application that we have. For this 

phase what I'll do is I'll use process graphs, I'll try to filter the data, I'll try to customize 

multiple dashboards, and multiple visible stuff just to get the data I want. So first I'd like 

to get an overview so I mean all the data. Then it can still be overwhelming so I start 

focusing that. For this, I will also need the KPI's that we defined before. I'll try to look 

at that and focus on different parts of the process, maybe analyze a subprocess or focus 

on different case types or customers or, well do a focus search. 

[AUTHOR] And the application that you're using really makes it easy to look at the data like that? 

[PMD2] Yeah. Like when I'm thinking about it I'm thinking about the dashboards specifically 

that I'll use for this. To find improvement opportunities what I will do is I will do 

different analysis like I'll try to analyze different parts of the processes or like I said like 

focusing on different characteristics of the process and things like that. I'll try to assign 

a measure for that, so how much Improvement I can do. I'm not sure about how I will 

do it because it is more problem dependent but that's how I would do it. 

For the improve phase now I will, based on the measure that hopefully we have defined 

before, try to pick the one that has the greatest impact. And in our application, you can 

also do it by making the granularity smaller and delving into the process and delving 

into the different attributes that you can tackle and pick something. To implement this 

improvement is again business related so you need somebody from business and tell 

them and try to see if it's feasible or not. 
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[AUTHOR] So it's important to have a business expert as well? 

[PMD2] Yeah, otherwise I think it will be a mess of data. Maybe there are some improvement 

opportunities but I feel like we do give data-driven insights but if you don't know 

anything about it's feasibility it's very hard. 

The last one, the control phase. What I'll do here, again there is a dashboard monitoring 

in our application and I'll use that one to check what is the influence of the improvements 

in the process. For that you really rely on the KPI's that you have defined before and 

you can also delve into the details, maybe analyzing cases one by one, or comparing 

different cases which you can also do in the application. 

[AUTHOR] So it seems that the application that you work with is really suitable for this kind of 

environment right? 

[PMD2] Exactly. Yeah, I think so. 

[AUTHOR] Okay that's very nice. For the remainder, I'd like to introduce a use-case so we can apply 

the Process Mining thoughts on the use-case and on the DMAIC phases for that use-

case. What I had in mind was a bike shop example. I present you a process graph made 

in your application actually. What happens is that a customer arrives with a bike which 

has a flat tire and then a mechanic checks the tire and he determines whether the tire 

should be replaced or that it can be repaired and he acts on his assessment and he either 

replaces the tire or he repairs the tire and then he inflates it again and the bike can get 

back to its owner. That's a really simple process and I assume that you'll understand it. 

An unsuccessful bike fix is said to be that the bike was too long at the bike shop so that 

the owner didn't get his bike back within three days or that the tire isn't inflated properly. 

The mechanic tried to fix it but that didn't happen. What we want to look at, because 

we're looking from the Six Sigma perspective, is that when they have a million bike 

fixes that they have less than 3.4 unsuccessful bike fixes. The manager looks at the 

numbers and he thinks that he has way too many unsuccessful bike fixes and he would 

like to do something about it so the process runs at the Six Sigma level. To do so he 

starts the DMAIC model. He starts with define and he tries to define the problem that 

he's having in this situation. 

G2.4  MAPPING 

[AUTHOR] Could you assist him with your Process Mining knowledge in defining his problem? 

[PMD2] Yeah. So what do you want me exactly to do? 

[AUTHOR] To tell me how you would use your Process Mining knowledge to help him define his 

problem and define his goals for the improvement plan. 

[PMD2] Okay. Can I use all the phases of the process? 

[AUTHOR] Yeah you can use all the phases or you can focus on define first. Whatever you want. 

[PMD2] Okay, so what I'd do first is try to reproduce the process, make a visual display of the 

process. Then I'll try to find either the bottlenecks, so if there is a clear bottleneck in one 

of the steps, or otherwise when the tire is not fixed then I'll try to see if there is something 

weird in the main part of the process, in the middle. So if there are many loops, maybe 

they repaired the tire but when it's not inflated and you have to come back. 

[AUTHOR] So you're really looking for a problem? 

[PMD2] Yeah, but also because that I know that these are the only options it's clear that either I 

go one direction or the other. I think I'll actually try both and then afterward I may want 

to decide which one has the biggest impact. 
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[AUTHOR] And when you wouldn't have the choice for the problem, so the manager thinks that it's 

either one of the two, would you approach it differently if you have an unknown path 

that you could take? 

[PMD2] I will use a broader approach. In a sense that I'm now quite focused on throughput time 

and looking on loops from check tire to inflate tire but if I didn't know at all what to 

focus on I'd analyze the whole process. So I'll check throughput times everywhere, I 

would check also loops. Maybe there are weird correlations, maybe the process is not 

really as you expect, maybe there are more activities, maybe the start or end activity is 

wrong and the bike doesn't get back to the customer at all. I don't know, many things 

can arise. But I'll do a broader approach. 

[AUTHOR] But that's all still pretty basic right? You don't really dive into the data yet? 

[PMD2] No, exactly. 

[AUTHOR] Then for the measure phase, where you establish the baseline, like how it performs right 

now. How would you use your Process Mining knowledge there? 

[PMD2] Like in the analyze phase? 

[AUTHOR] No we're at measure still. 

[PMD2] Okay. You mean that how will I get the data and all that stuff? Or how will I define a 

baseline? 

[AUTHOR] How you were to define a baseline. For example, when you look at the early days of 

quality management when Six Sigma was developed they would use like a stopwatch to 

time activities within a project or they would count one by one the number of defects 

that they have on a project. Is there a need for that as well? 

[PMD2] Aaaah. I'd hope that that is automated. I actually assume that the data is already, like, 

computerized.  

[AUTHOR] So you actually believe that this step is kind of automated in Process Mining? 

[PMD2] I will expect so, yes. 

[AUTHOR] Then when you have defined your research goals and have established a baseline you 

can move on to analyzing. So you know the problem. How can you use Process Mining 

to really find the causes of the problem? Because that's what you'd like to do in analyze. 

[PMD2] What I'll do, I think at the beginning I'll base my analysis on the process graph. Like 

you can enrich the process graph by using different metrics. So I try to show the 

throughput time per activity, per relation, and with that, I'll be able to see what is the 

bottleneck.  

[AUTHOR] And by bottleneck you mean that one of the steps takes way longer than the others right? 

[PMD2] Yeah exactly. And also because I guess that the path that you explained before is the 

happy path, so the ideal path, but I guess that different things can happen. So I'll also 

look if that happened. So if there are weird paths between check tire and the bike 

departure. That's something that you can see by process graphs and also by using the 

enrichment of the data and process enhancement that the application offers. 

[AUTHOR] So you really focus on the deviation from the happy path that is shown? 

[PMD2] Yes. 

[AUTHOR] Okay, and then I guess you also have a sense of how you then would improve the process 

right? Because when you know the causes when you know where the problem originates 
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from. Can you then use Process Mining as well to show those improvement 

opportunities to the business expert? Can you substantiate it? 

[PMD2] Yeah, I think I can use Process Mining to support my findings so to explain to the 

workers or the owner or whoever I need to talk to the improvement opportunities that I 

see, but in order to know its feasibility and how to make them happen is something that 

is business related. So I think that Process Mining will help us to make data-driven 

decisions and then the application of that is more business. 

I can show maybe this is the activity that is taking way more than expected, or maybe 

you have more information about these activities, maybe you can see that once you buy 

tires from this brand they take twice longer to repair than the other kind of, then also 

this kind of advice will be easy to tell by Process Mining. 

[AUTHOR] And then in the control phase, you said you have some monitoring dashboards that you 

can use to keep monitoring the KPI's that you defined? 

[PMD2] Yeah, and I will still use them to check that what I'm doing has an impact on the process. 

So I'll expect all the indicators that we have defined previously that they improve and 

they get better like throughput time gets shorter. 

[AUTHOR] And can think of something that whenever you see that on your monitoring dashboard 

that now you have to act. That now it really starts to deviate from what you expect? 

[PMD2] I don't understand your question. 

[AUTHOR] So you're monitoring the KPI's right. So you try to improve throughput time, and the 

throughput time decreases so it seems to work. At what point in time do you feel that 

you need to act again? Because you're monitoring the process right? So would that be 

merely when the throughput time increases again or are there other things that are 

important there? 

[PMD2] I think that for me, that will really depend on the importance and scale of my problem. 

So if I, for instance, the aim is to have less than 3 wrong bikes per one million. If I had 

2000 my threshold will be okay maybe if I again go up to 2000 I have a problem, but 

maybe if the scale was, we have 5 bikes that are broke, and then I think you can be less 

strict in the sense that maybe you don't need to measure the number of bikes but you 

can measure the throughput time and also the threshold will be different. So what will 

indicate me if I have to act again or not it's really context dependent. Or at least from 

the idea that I have in mind. 

[AUTHOR] But the example that you give. When you have like 5 bikes, you say it's less important 

to keep improving than when you have 2000 wrong bikes?  

[PMD2] No, no, what I mean is that as you are that close it's really a minor change, the one that 

you have to do. Or at least a change that would have an impact but what you can gain is 

not that much. So I feel that if you have a stricter threshold it would be more difficult to 

maintain. I'm not sure if that's true but it feels… 

[AUTHOR] I understand where you're coming from but I'm also not sure if it's true. We can keep 

that on the side for now. 

When you would look at the combination of Process Mining and the DMAIC model it 

seems that there is a pretty good fit right? 

[PMD2] Yeah, yeah, yeah. More in one phase than in other phases. 

[AUTHOR] And which phases do you think those are? 

[PMD2] The ones that can benefit the most? 
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[AUTHOR] Yeah. 

[PMD2] I'd say the analyzing for sure. Well, actually the define. Defining the process and the 

problem I think it's an area where Process Mining can really help a lot. Because you can 

really get an overview of the problem and also to analyze and to delve into that I think 

the analyze phase can benefit a lot. And afterward the control, for me, yeah because 

establishing a baseline is a different phase than control but I'd use similar 

methodologies. 

[AUTHOR] I feel that in establishing a baseline you can also gain a lot. Because you have the data 

readily available right? 

[PMD2] Yeah, I was assuming that so I wasn't taking that into account but you're right.  

[AUTHOR] So when you normally would do a project you'd have to like gather the data and now 

you already have it present in your Process Mining project. 

G2.5  GUIDELINE 

[AUTHOR] Well, the aim of the thesis is of course to create a guideline as I just mentioned. I made 

an initial version of it and I 'd like to show it to you. It has the same structure as the 

DMAIC diagram. You can take a quick look at it and then I'll shortly explain it. 

Do you want me to go through it slowly and try to explain it to you? 

[PMD2] If I have to talk about it later, then yes. 

[AUTHOR] Okay, so what you see are the grey blocks which are typical for a Process Mining project 

and they are mapped to the different phases of the DMAIC model. You'd start at the top 

at the planning phase and there you'd establish the research goals, the improvement plan. 

Actually, you determine the project that you want to do. In order to do so, you can use 

exploratory mining and analysis. The star indicates that it's the same block as the big 

grey one. Within mining and analysis, you have data preparation which is data extraction 

and data processing. In data extraction, you gather the data from the information systems 

so you have event data. And then in data processing, you can put that event data in event 

logs, or you turn it into event logs. You can filter the data, enrich the data, you can do 

some cleansing, so you really make sure that you have clean event logs to move on to 

the analysis phase. Then you have a block analysis in which you can do process 

discovery, conformance checking and process analysis which actually holds the 

enhancement part that we talked about. You really only take a brief look at Process 

Mining techniques there, so you really have an explorative look. Then you use that 

information to define your research goals in planning of course. From planning you 

move on to data preparation which is the measure phase, which is highly automated of 

course because we have the event available or we should do some extraction or data 

processing, one of the two. It could also be the case that you're in the planning phase 

and that you already have the data extracted, or that you already have clean event logs 

and then you can, of course, skip those steps. Then from the data preparation in the 

measure phase, you move on to the analyze phase and then you do explanatory mining 

and analysis. You really dive into your Process Mining techniques and you analyze the 

problem. It might also be the case that based on your findings you want to do some extra 

enrichment or some extra filtering so you can then loop a little bit back to your data 

processing. After analyzing you hopefully found improvement opportunities and then 

in your improve phase you can do process improvement and then finally you come to 

the control phase in which you do monitoring and evaluation. So that's how it's defined 

right now. 
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Having seen this guideline, do you think that Six Sigma practitioners could use Process 

Mining within the DMAIC model without the guideline altogether or do you think that 

a guideline like this would help them a little bit? 

[PMD2] I think the guideline will be very useful because Process Mining can really compile a 

lot of information so having a focused path to follow in order to implement the DMAIC 

model is an ideal situation. 

[AUTHOR] And do you feel that, looking at this guideline, that it guides them through a Process 

Mining project properly? 

[PMD2] Only based on this paper? 

[AUTHOR] Based on the paper yeah, and the explanation that I just gave you. 

[PMD2] It gives you an intuition of what to do, but I think always it's way easier to have a visual 

representation of what you're saying than just names and boxes. I mean it's clear but I'd 

love to have clear examples of what can I do in each of the phases. I think that for people 

that are not really familiar with Process Mining that would be the best. So at least you 

reduced the more thinking exploiting phase of Process Mining and you have a focused 

group of activities that you can do in each of the phases of the DMAIC 

[AUTHOR] So an explanation of the activities that belong to each of the boxes would be ideal? 

[PMD2] Yeah, explanation and the great thing would be just to have exactly what you need to 

do. 

[AUTHOR] But when you'd put it in a model to show and to use in a guideline? Wouldn't it be too 

complicated to look at? 

[PMD2] What do you mean? 

[AUTHOR] Because I think that when you see it right now it's clear that you have structured path 

you can follow. But when you'd have, for example within planning there are four, five, 

six activities that you'd have to do. When you count them up for each of the boxes you 

would have a model with fifty steps or so. Would you prefer that over a less detailed, 

but in my opinion more clear model? 

[PMD2] I think if I wouldn't know Process Mining I wouldn’t know what the boxes really imply. 

So for me, this is fine, I mean for me the short version of the guideline is fine. But If I'm 

not familiar with these methodologies, either I know the activities that each of them 

contains, or I have directly tool support or something that really tells me what to do. So 

it will be more clear at first glance? No, it won't be. But in the long term. 

[AUTHOR] So the guideline would benefit from a detailed description of each of the phases in each 

of the boxes, and the activities? 

[PMD2] Yeah but like a support guideline. Because I agree with you that this paper is really clear 

because it gives you an overview of what you need to do. But in order to put it in 

practice, you'd need really a detailed description of what it really entails. 

[AUTHOR] So do you feel that that is the only information missing from the guideline? 

[PMD2] Only the activity descriptions you mean? 

[AUTHOR] No, well, a broader explanation of the guideline? 

[PMD2] I get what you mean. No. Having this in a tool would be amazing. Like having a tool 

that really tells you what to do, well not really what to do. I want to define my problem, 

where do I go, you go here and then you have it. Now I want to measure, I go to a 

different dashboard or whatever. That would be amazing. 
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[AUTHOR] So you want to have tool support for the guideline that shows within each phase the 

steps that you can take? 

[PMD2] Yeah. 

[AUTHOR] Well I think that I covered most aspects regarding the usage of Process Mining within 

the DMAIC model. Of course, it needs a detailed description and ideally tool support. 

Do you think that there are any other important factors that I missed in creating the 

guideline? 

[PMD2] No, not that I miss now. 

G2.6  CLOSING 

[AUTHOR] Are there any other questions that you expected me to ask today that I didn't? 

[PMD2] No. 

[AUTHOR] Can I ask you for advice later in my thesis might the need occur? 

[PMD2] Yes of course. 

[AUTHOR] Do you also want to be kept informed on the progress of the thesis and the guideline? 

[PMD2] Yes sure. 

[AUTHOR] When I transcribe the interview would you like to receive a copy of it and verify that it 

really is what you mentioned during the interview? 

[PMD2] Yeah sure. 

[AUTHOR] Okay, well thank you very much for your time and effort. 
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  INTERVIEW 3 – ACADEMIC 1 – 24-04-2018 

G3.1  GENERAL INFORMATION 

Table G-3: General information for interview 3 

Date 24-04-2018 

Lenght of the interview 00:26:35 

Name of interviewee [ACA1] 

Experience - 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] & [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn an academic would use Process Mining in the DMAIC model 

G3.2  INTRODUCTION 

[AUTHOR] Are you familiar with Process Mining and its techniques? 

  

[ACA1] Yes 

  

[AUTHOR] So when I'd talk about Process Discovery, Conformance Checking, and Enhancement 

you'd know what they are? 

  

[ACA1] Yes 

  

[AUTHOR] Are you also familiar with Six Sigma and especially its DMAIC model? 

  

[ACA1] Only vaguely. 

  

[AUTHOR] So Six Sigma is a management strategy developed by Motorola in the 1980's and has 

become very widespread and the aim of Six Sigma is to improve a process in such a 

way that the number of defects is less than 3.4 defects per million cases. So every million 

things that they do, they would like then to have less than 3.4 defective ones. In order 

to do so, they use the DMAIC model. DMAIC stands for Define Measure Analyze 

Improve and Control. I prepared a diagram for you at which you can look at for a little 

bit. If you've read it I'll go through it one more time. 

  

So they'll start in the define phase. They define the problem, the research goal, they 

compose a project team and they come up with a strategy that they want to do in order 

to tackle the problem that they have. Then they move on to the measure phase and they 

establish a baseline on how the process performs right now. If you'd look at history on 

how it came to be when you look at quality management. The measurement phase comes 

from the time when they needed stopwatches to measure the time that an activity would 

take, or they would count and tally the number of defects that they have within a process. 

So it's really to establish how the process performs right now. Then you can move on to 

the analyze phase and you're going to look at the causes for the problem that you've 

defined in the define phase. So, for example, you have too many defects, then in the 

analyze phase, you're going to look at what are the causes of these defects. How can we 

improve the process? You come up with some improvement opportunities and you're 

going to improve in the improve phase. When you have improved the process you can 

move on to control and monitor and evaluate your improvements and see if they worked. 

That's short the DMAIC model. 

  



G-18                                                            Bridging the Gap Between Process Mining and Six Sigma   

 

[ACA1] So is this a process you only start once you know there is a problem, or is it something 

you can do periodically to see if there is a problem? 

  

[AUTHOR] You can do it periodically or if you think you have a problem but then if there is no 

problem you'd kind of stop already in the define phase. Because there you define the 

problem. 

  

[ACA1] Yeah of course. 

  

[AUTHOR] So the DMAIC model is clear? 

  

[ACA1] I think so, yes.  

G3.3  GENERAL 

[AUTHOR] We've just discussed the DMAIC model and that's a way that Six Sigma practitioners 

tackle a process improvement project. How would you do the same, but then with your 

knowledge from Process Mining? How can you use Process Mining in a process 

improvement project? 

  

[ACA1] In the structure of DMAIC or? 

  

[AUTHOR] Not necessarily in the structure of DMAIC yet but more general. How would you tackle 

a process improvement project with Process Mining? 

  

[ACA1] I most likely follow the standard Process Mining techniques. Problem definition as well, 

process discovery. Then several cycles of analysis, then some improvements. Basically 

along those lines. 

  

[AUTHOR] Along those lines. So along the lines of what we know as process discovery, 

conformance checking, enhancement? 

  

[ACA1] Yes. 

  

[AUTHOR] Okay. When you look at the DMAIC model we just discussed. How can you map those 

techniques to the different phases of DMAIC? 

  

[ACA1] Well I think the idea is very similar. I don't think they map one to one, but I think Process 

Discovery will be in between define and measure, analyze will be analysis, maybe also 

conformance checking. Improvement obviously will be process improvement. That's 

monitoring.  

  

[AUTHOR] Okay, so you think that there is a pretty good mapping between DMAIC and Process 

Mining right? 

  

[ACA1] I'm not sure whether there is a good mapping, that's your of course. But I think there is 

definitely a relationship. You can definitely use Process Mining to get to the same goals.  

 

[AUTHOR] Well that's kind of the aim of what we're trying to achieve. I prepared a use-case so we 

can make it a little bit more tangible. The use-case looks like this. We're going to a bike 

shop. A customer arrives with a bike with a flat tire, a mechanic checks the tire and he 

assesses whether the tire can be repaired or if it needs to be replaced. He does so and 

then he reflates the tire and the bike can get back to its owner. When you'd look at it 

from the Six Sigma perspective, it would mean that they'd have less than 3.4 

unsuccessful bike fixes per million cases that they fix. Unsuccessful is said to be either 
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that it takes too long, that it takes more than 3 days that the bike gets back to the 

customer, or that the tire has not been reflated properly.  

G3.4  MAPPING 

  
[AUTHOR] So when you look at the define phase, at defining a problem. How can you assist the 

manager with the use of Process Mining, if you were to follow the DMAIC model? 

  

[ACA1] Well starting with defining the problem, of course, you need to discover the process first 

from the data you have. I can imagine then you have, in the application, you have certain 

tags to determine whether a case is successful or not based on the criteria you 

mentioned. Do you want me to do all the steps of the DMAIC? 

  

[AUTHOR] No just define. So you'd use the application you say. Can you tell me a little bit more 

about the application and how you'd then use it?  

  

[ACA1] Well I'm not a user of the application so I'm not an expert on that. First, you need some 

way to define which cases violate the KPI's you mentioned. Then there would be a tag... 

  

[AUTHOR] So you can use the tags in the application to tag them as a violation? 

  

[ACA1] For this use-case I think so, yes. I think that's already the define phase. 

 

[AUTHOR] So you'd only use the Process Discovery tools? 

  

[ACA1] I think so. You probably need to know what the process looks like and I think also which 

cases violate the KPI's. 

  

[AUTHOR] And if the manager wouldn't know what was wrong with the bikes? Because now we 

defined that it would either take too long or that it wasn't reflated properly. Would your 

approach differ if you wouldn't know those two things? 

  

[ACA1] You mean that it is not in the data? 

  

[AUTHOR] No it can be in the data but you don't really have the problems yet. You know that there 

are too many unsuccessful bike fixes but you don't really know where it comes from.  

  

[ACA1] But how do you know when they are unsuccessful? 

  

[AUTHOR] Because they are either handed out to late... Well, that's true, I'm sorry. It makes sense. 

When you'd move on to the measure phase, how can you use Process Mining there? 

  

[ACA1] For this use-case I guess in general conformance checking. You'd look at the cases that 

violate the KPI's. How they violate them, where they violate them. 

  

[AUTHOR] Wouldn't the usage of conformance checking not be more in the analyze phase? 

  

[ACA1] I think it's a bit of both. 

  

[AUTHOR] So measure and analyze are a little bit tangled together? 

  

[ACA1] I think so, yes. 
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[AUTHOR] And then in analyze, you'd use the full spectrum of Process Mining tools? Or what 

would you do there? 

  

[ACA1] It depends on what's wrong with that specific cases, but use the tools at hand to find out, 

using visualizations, using analysis, etc. to find out exactly where the problem lies and 

identifying the exact cause of these violations. I think that's more the analyze phase. 

  

[AUTHOR] So you said you're not a user of the application. Do you have an idea of dashboards that 

you'd use or techniques that you'd specifically use to find out those causes or is that too 

vague for you? 

  

[ACA1] That depends. What were the KPI's again? 

  

[AUTHOR] The tire is repaired but not reflated properly, so there's still a flat tire. Or it takes too 

long and it isn't ready after three days.  

  

[ACA1] For the KPI that it takes to long I'll obviously look at timing. With the tire not inflated 

properly, I'm not sure how I would see that in the data. So it depends on how it's 

available. 

  

[AUTHOR] When he'd pick up his bike, he can't because the tire isn't fixed and there would be 

another iteration. So there would be an edge back from bike departure to bike arrival.  

   

[ACA1] I guess there would be probably an activity in between, check bike or validate bike, and 

that would have an edge back. Bike departure would actually be the customer leaving. 

  

[AUTHOR] That's true. 

  

[ACA1] In that case I'd look at the process. If that edge is there and means a violation then I'd 

click on the edge and look at the cases that appear then. 

  

[AUTHOR] Within the application, when you click and see those cases you can see the causes of the 

violation. 

  

[ACA1] Depends on what's in the data again. If there are attributes that are relevant I'll 

probably look at those.  

  

[AUTHOR] And those attributes can, for example, be the type of tire or something like that? 

  

[ACA1] The type of tire, or the person working on the tires. Attributes like that may have some 

relevant impact on the successful case.  

  

[AUTHOR] So then you'll analyze the data, you've found some improvement opportunities. So, for 

example, a type of tire took too long and you want to not use that type of tire anymore. 

Are there Process Mining techniques you can use in the improve phase? 

  

[ACA1] I'm not sure about that one. 

  

[AUTHOR] Why? 

  

[ACA1] Well I'm thinking about what we can do with the application. If it's a manager for 

example who is doing this then they can change the process maybe, or not buy that 

particular tire if that's a cause, or maybe talk to the person, if it's always the same 

person, maybe they need more training. That's the kind of thing I'd advise. 
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[AUTHOR] So there are some steps that can be taken but they're not really Process Mining at all. 

Are they more on the business side of the problem? 

  

[ACA1] Yeah they're more at the business side of the problem. 

  

[AUTHOR] But can you then use Process Mining tools at the control phase to monitor the 

improvements? 

  

[ACA1] Yes. Definitely. 

  

[AUTHOR] So you can then use the application with the same metrics?  

  

[ACA1] Yeah you can see if these cases occur again or not. If they occur again if it is for the 

same reasons or not. 

  

[AUTHOR] And there are some specific dashboards for that that you may use? 

  

[ACA1] Yeah. One question though, or one remark rather. If for example you have a set of cases 

and they happen to all have the same tire type. You still don't really know whether the 

tire type is the actual cause of the issue. 

  

[AUTHOR] That's true. But it doesn't necessarily need to be the tire type of course. 

  

[ACA1] But it's maybe something to take a look at. For example, the manager of the bike shop 

probably knows more about tires than is in the data. So maybe they know that this 

specific tire type has some issues. 

  

[AUTHOR] So you'd consult with the manager and gather extra information and try to enrich your 

data? 

  

[ACA1] Yeah. 

G3.5  GUIDELINE 

[AUTHOR] Well for the usage of Process Mining within the DMAIC model I created a guideline 

for the Six Sigma practitioners to use. It looks like this. It has the same structure as the 

diagram that you just saw. You can take a quick look at it and then I'll go through it. 

  

[ACA1] Okay.  

  

[AUTHOR] So, the diagram itself is built on a Process Mining methodology.  

  

[ACA1] Which one? 

  

[AUTHOR] PM2 from van Eck. 

  

[ACA1] Ooh okay. 

  

[AUTHOR] So the grey blocks are based on that methodology, and then it's mapped on the DMAIC 

model of course. So within define there are planning and explorative mining & analysis. 

Within planning you define the research goal, you select information systems that you 

want to work with, you compose a project team, stuff like that. You can use exploratory 

mining & analysis for that in order to get your first view of the data if you want. Within 

exploratory mining & analysis is this block, as you can see from the red star. And there 

is a block of data preparation in it, which is either data extraction or data processing or 
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only data processing if you have already extracted the data. So there are multiple entry 

points actually into the model. You can use the Process Mining techniques that we just 

discussed. Process discovery, conformance checking, and then process analysis has 

enhancement in it but it also has some statistical methods that are frequently used within 

Six Sigma. 

  

[ACA1] Is there also a loop in analysis? Like in PM2? 

  

[AUTHOR] There is a loop in analysis in the sense that you can move from the analysis part back to 

data processing if you want.  

  

[ACA1] Okay, yeah. 

  

[AUTHOR] So you can do some exploratory mining to define your project. You can move on to 

measure which is data preparation. If you don't have the data extracted yet from the 

information systems you'd have to extract the data. Then you can go to data processing 

in which you enrich the data, filter the data, clean the data. Typical techniques like that. 

You move on to the analyze phase in which you really do the explanatory mining & 

analysis and then you use the same block again as for exploratory but then you'd really 

dive into the data. As you said if needed you can loop back to the data processing for 

enriching the data. For example, as you just mentioned you might want to talk to the 

manager about the tire types and put back information about that back into the data. 

Hopefully, you've established some improvement opportunities which you're going to 

implement in process improvement in the next block. Then you'd move on to monitoring 

& evaluation in the control phase. 

  

Having seen the guideline like this, do you think that there is a need for something like 

this or do you think that Six Sigma practitioners can use Process Mining without it 

easily? 

   

[ACA1] I think that such a guideline is a really good idea because, like I said before, the mapping 

between Process Mining and Six Sigma is very vague. It's not clear. I think this really 

helps to apply Process Mining in a Six Sigma context. As I discussed before, I think I 

mostly mapped analysis on the entire thing, while this looks a lot more structured. 

  

[AUTHOR] So knowing this, would you want to change your answer for how you would use Process 

Mining within DMAIC? 

  

[ACA1] Yes the mapping here is a bit different than I tried to explain earlier. I think this is a lot 

better. It looks more structured and it actually makes more sense. 

  

[AUTHOR] Do you think, seeing this, that there is information missing from this model? Would you 

add something? So for example, one of the future steps is to really work out in detail 

the activities within each block. So you really have an explanation of the steps that you 

have to take in each block in terms of Process Mining. We also want to develop tool 

support in the application to really use. When you are in the define phase you have some 

dashboards that are visible that you'd need in the define phase, and then for each phase. 

Do you think those are good? Would you do something like that, or wouldn't you? 

  

[ACA1] What do you mean? 

  

[AUTHOR] The planning is to develop tool support for it and create a written guideline. Do you 

think it would benefit from that or do you think something like this would be clear 

enough? 
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[ACA1] I think some expansion of this would probably be necessary because this is very global. 

It would benefit from more details. I'm not sure whether the general Six Sigma 

practitioner would know a lot about Process Mining or not. 

  

[AUTHOR] I guess they won't. But the people that we've got contact with regarding the case study 

already use the application. So they have a sense of what they can do. But it should be 

applicable to all Six Sigma practitioners. 

  

[ACA1] For general audience I think the Process Mining should probably be more explicit. If 

this is the general flow, I'd expect per block one or more steps with a short explanation, 

what the goal is, what you want to achieve. 

  

[AUTHOR] Would you include that in a visualization like this or would you use it in a written 

guidance for this? 

  

[ACA1] I think a visual overview is good as its simple and understandable. I think this is quite 

simple and understandable. Especially when you know the theory behind both Process 

Mining and Six Sigma. I think this is very clear. I wouldn't try and put too much into the 

visualization. Maybe create a short document with some bullet points, small 

explanations. And examples always help. 

  

[AUTHOR] I think I covered most aspects regarding the usage of Process Mining within the DMAIC 

model. Do you think that there are areas that I haven't talked about or thaught about? 

Would you include something else? 

  

[ACA1] At first sight I cannot think of anything. 

  

[AUTHOR] If you, later on, think of something, feel free to contact me. 

  

[ACA1] I will. 

  

[AUTHOR] Thank you. 

G3.6  CLOSING 

[AUTHOR] Then we'll move on to the end of the interview. I've got some questions which are rather 

short. Are there any questions that you expected me to ask that I didn't? 

 

[ACA1] That's a good question. I don't think so, but if I come up with some later then I'll let you 

know. 

  

[AUTHOR] Please do. Can I ask you for advice later on in the thesis? 

  

[ACA1] Sure. 

  

[AUTHOR] Do you also want to be kept informed about the progress of the thesis and the guideline?  

  

[ACA1] Yeah of course. 

  

[AUTHOR] I'm going to write out the transcript for this interview. Can I send it to you so you can 

validate it? 

  

[ACA1] I'm not sure that I remember exactly what I said. 
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[AUTHOR] No but if you see something of which you think you'd have never said that... 

  

[ACA1] It's fine, it's fine. 

  

[AUTHOR] And if you think of something that we didn't discuss, you can still elaborate on that. 

  

[ACA1] There is one question I think I didn't answer yet. It was a two-part question and one of 

the parts was: would adding tool support to the application add something to the 

guideline. The answer is yes, I think it does. I think that would be very helpful. Because 

I'm not sure that the current application would be able to support every step here. 

  

[AUTHOR] And which steps, in particular, are you thinking about? 

  

[ACA1] Well I'm not an expert user of the application, or a developer of the application so it 

would be difficult for me to answer this. But I think it would need some extension. 

  

[AUTHOR] Okay, I'll consult the application developers for that. 

  

[ACA1] I think root cause analysis may be useful. 

  

[AUTHOR] Okay, I'll look into that. 

  

Then I want to thank you for your time and your effort. 

  

[ACA1] You're welcome.  
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  INTERVIEW 4 – PROCESS MINING CONSULTANT 1 – 24-04-2018 

G4.1  GENERAL INFORMATION 

Table G-4: General information for interview 4 

Date 24-04-2018 

Lenght of the interview 00:58:49 

Name of interviewee [PMCon1] 

Experience - 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] & [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn a Process Mining consultant would use Process Mining in the DMAIC model 

G4.2  INTRODUCTION 

[AUTHOR] I first want to ask you if you're familiar with Process Mining and its techniques. 

[PMCon1] I think so, yes. 

[AUTHOR] So when I'm talking about process discovery, like discovering the structure of the 

process, the routing probabilities, the most frequent paths, you know what I mean when 

I talk about process discovery. 

[PMCon1] Well I think yeah, well it depends on what you mean. If you talk about the end-user 

analysis of the processes and how the process flows then I'd say I'm, more or less, I 

know a little bit about it. If you talk about Process Mining and discovering the process 

in the data then I'd say I know very well how to do it. If you're talking about the 

algorithm, how to visualize the process, then I'd say I have nothing to do with this. 

[AUTHOR] It's not about the underlying algorithms, but it would just be the technique process 

discovery. When you hear process discovery you have a sense of what it means, right? 

[PMCon1] I think so, yeah. 

[AUTHOR] And does the same hold for conformance checking and enhancement? 

[PMCon1] I'd say, for conformance checking it's okay, I guess. For enhancement, I'd say not so 

good. Most of the time in my day-to-day work, when the process is visualized in the 

application and then it goes to the deep analysis and improvement of the process and 

then I'm already out. So I'm not in the project anymore, normally. So it's just like, what 

I try to do in my free time that I also get accustomed to that and I understand a little bit 

about it so that I can better prepare the data. But right now I know a little bit about it 

but I'm not entirely knowledgeable, it's not my day-to-day work. 

[AUTHOR] Well that's entirely fine for the sake of this interview. Are you also familiar with Six 

Sigma? 

[PMCon1] I looked into it, I know a little bit about it, I also studied business information systems 

in my bachelor, so I know a little bit about process improvement, but like I said it's not 
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my day-to-day work. I know about the Chicago diagram, whichever the work in 

progress, the stuff... I know a little bit about it but not so much. 

[AUTHOR] What I'd like you to know about Six Sigma for this interview is that they aim to improve 

the process in such a way that they have less than 3.4 defects per million cases. In order 

to do so, they use the DMAIC model. Define stands for Define, Measure, Analyze, 

Improve, and Control. The focus of the interview is actually on that DMAIC model 

within Six Sigma. So I prepared a diagram for you, you can take a moment to look at it. 

[PMCon1] Should I just read it? 

[AUTHOR] I can go through it if you want. 

[PMCon1] No, no, it's okay.  

It's really weird that you read it from top to bottom, but the arrow from improve goes to 

the top. That's really confusing. 

[AUTHOR] I agree. 

[PMCon1] It's actually intentional? 

[AUTHOR] Well the arrow is in this position because the arrow indicates improvement as an icon. 

[PMCon1] Aah okay, then it makes sense. 

[AUTHOR] Yeah, so you have the five stages. In the define phase you define the problem, you set 

the goals, and you compose a project team. Then in measure you established a baseline. 

So you just gather data on how the process runs at the moment. So when you'd look at 

history they'd just use stopwatches to time the activities, or they counted the number of 

defects. In analyze you're going to look at the root causes of the problem you just defined 

and you try to find some improvement opportunities which you're going to act on in 

improve. Then finally, in control, you can monitor the process and evaluate that the 

improvement worked. 

G4.3  GENERAL 

[AUTHOR] So, this model is how Six Sigma practitioners tackle a process improvement project. 

When you'd use Process Mining to do so, how would you tackle a process improvement 

project? 

[PMCon1] If I would use Process Mining, how would I tackle a process improvement project? 

[AUTHOR] Yeah, what would your general approach be for process improvement with the help of 

Process Mining? 

[PMCon1] I need to think about this a little bit. So, I think there are like different ways on how to 

approach... I really think about this a lot, so I also have different ways of doing stuff in 

my head. It's really hard to get like an agile, iterative process. Because I'm most of the 

time doing process proof of values, and if you look in Process Mining projects, also in 

the implementation phase, which, in Six Sigma would be the control phase, you'd always 

be in kind of a state of proof of value. So, you'll not have a value until you can actually 
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analyze, or already control your process, right? So there's not really a huge difference 

between analyzing and controlling. When you're at the end of the Process Mining 

project then you would be able to analyze the end-monitoring process. So normally you 

have a kind of a staged case process where first you need to define the problem, look at 

the value that you can achieve, is it even possible, look at the possibility of the Process 

Mining project. Then at the next step, you'd go into extracting the data, transforming 

the data and loading the data into the application. Then you'd also have the analyze 

step. So the improve step actually comes even later. If I draw it down, and you'd have 

defined a problem or define... How we do it normally is like basically have the customer 

write down questions. This is most of the time the easiest thing for them to do. If you'd 

look into a perfect world it would be nice to have kind of a canvas that you can use to 

go out to the customer to work together with them on this canvas. Then you'd also have 

additional information like possibility, maybe data quality and value. You'd define this 

first and then you'd go to the second step which would be the data transformation. Then 

after data transformation is done you must probably go into analyzing. In the analyzing 

phase, then you need to transport this information you found the analyzing stage into 

real value. So you need to improve it, basically. This is most of the time another step, 

where I'm not integrated anymore. So I don't really know how they do it. 

[AUTHOR] So the improvement happens on the business side? 

[PMCon1] Yeah, the improvement happens on the client side normally. Then we're not integrated 

anymore. So it's hard to say how they do it actually. I think normally they present results. 

Most of the results are mainly problems that they found. So they present basically 

problems to their boss and then, in the end, go into the improvement step. But I don't 

really know how they do it normally. Until analyzing it is pretty clear. I don't know if 

that answered your question. 

[AUTHOR] Well it kind of did, because you tell me how you'd use Process Mining in a project and 

you already kind of map it to the phases of DMAIC, right? 

[PMCon1] Yeah, basically yes. 

[AUTHOR] So it seems to me that there are, within your story, pretty clear steps that you can use 

within define, or that you can use within measure.  

[PMCon1] Again, I couldn't understand you correctly. 

[AUTHOR] So the story that you just told about how you'd use your Process Mining knowledge. 

You then already map that, kind of, to the define phase and the measure phase. So if you 

were to answer that, for each phase in the DMAIC model, can you shortly tell me 

Process Mining techniques you can then use? 

[PMCon1] You mean for each phase what Process Mining techniques you can use? 

[AUTHOR] Yeah. If any, yeah.  

[PMCon1] For the define phase, I think you can use any, if you have Process Mining one time 

implemented then you can use Six Sigma, DMAIC, to iterate through continuous 

improvement cycle all the time. That's maybe where you want to go with this. Then you 

can use define to create certain filter settings, to create certain tags, which are 



G-28                                                            Bridging the Gap Between Process Mining and Six Sigma   

 

measurements to check your process. if there occur any problems and if they occur, then 

you can drill down deeper to measure. For example, you write down one problem. You 

write down activity B takes longer than 10 hours, then this will be your tag. You drill 

down deeper, probably defining the metrics first that you need. Or maybe there are some 

Six Sigma metrics defined already that you can use to measure a certain problem. Then 

you'd go into analyzing also, measuring will then be building dashboards based on the 

generic metrics that you can use for analyzing specific process problems that you can 

define in tags. Then analyzing will be the next step to actually use this dashboard as a 

process manager. The process manager would need to go in the improvement phase, 

and then the control phase would then be automatically basically. So you could use 

Process Mining techniques: in define, you can use tags, in measure, you can use specific 

dashboards or creating specific KPI's, in analyzing, you can just drill down deeper if 

you want to. Of course, you need to define the measures and the dashboards in the 

measure phase. Then improvement, well you cannot improve the process with the 

application, that's probably not possible. But the process manager can use the tool to 

improve, the results that he has out of the measure and the analyze phase for his 

improvement steps. He could even maybe improve the process with Process Mining and 

making flow visual, that would be one idea I'd have. Imagine that you would display a 

dashboard in a production area where every worker can see the monitoring dashboard. 

With the monitoring dashboard, if everyone knows where you are in the process and if 

you have all this lean and Six Sigma stuff defined, you can use the Process Mining 

techniques to help the workers understand the process better and then you'd maybe also 

improve the process. Monitoring and control and improve would be at the same level. 

[AUTHOR] So the phases happen within the same dashboards? Can you use the application with the 

same kind of dashboards throughout the DMAIC model?  

[PMCon1] No, I wouldn't say that. I think that for improvement and control you'd always need... 

You either have to take improve out, you cannot do improvement with Process Mining. 

You can only do improvement via Process Mining by monitoring. That would be the 

idea. So you can use the results that you get out of Process Mining in the DMA phases. 

Then you improve the process with your expert knowledge or domain knowledge. You 

can also use Process Mining to monitor your process and your monitoring can improve 

your process. The improvement would mean making flow visual and helping the workers 

understand their own work. That would be for me then also improving via monitoring. 

Then it would be the same dashboard for monitoring and improving. For the analyzing 

phase, I don't think you can use the same dashboard as for the control phase. 

[AUTHOR] For analyzing, would you use the whole application and really dive into the data? 

[PMCon1] That's hard to say because your measures always depend on your problem. So it's hard 

to say. I don't think that, if you look at Six Sigma, you'll have every problem that would 

occur already in the application. You'd probably have to build new stuff, but that's just 

a guess. 

[AUTHOR] Can you come up with an example of what you think should be improved in the 

application. 

[PMCon1] Well work in progress would be I think one of the most famous examples, but that would 

also be monitoring so it wouldn't make sense. Tag time maybe, but the tag time is already 
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in there. I think tag time is just the throughput time right? But I don't know all the KPI's 

from Six Sigma. No, I don't know any KPI's within Six Sigma which are not in the 

application, I'd have to research that. 

[AUTHOR] If you ever think of one I'd be interested to know. 

[PMCon1] Ooh yeah, definitely. No problem. I think we even built stuff for one of our customers. 

So I can just check it and then I can send it to you. 

[AUTHOR] Yeah that would be awesome, that would be nice. 

When we talk about the combination of Process Mining and the DMAIC model it seems 

there is a decent fit. I would like to introduce a use-case so we make it a little bit more 

tangible. So I want to talk about a bike shop. So, take a look at this really simple process. 

What happens is that a bike arrives at the bike shop with a flat tire, a mechanic fixes the 

tire and he decides that the tire can be repaired or that the tire needs to be replaced. Then 

he reflates the tire again and the bike can leave the bike shop. An unsuccessful bike fix 

is said to be that the bike is not back at his owner within three days. So that the 

throughput time of the model is too long. The manager wants to adhere to the Six Sigma 

principles so he wants to have less than 3.4 defects per million bike fixes. 

[PMCon1] So he wants less than 3.4 cases per million cases that have been taken longer than three 

days? 

[AUTHOR] Exactly. 

G4.4  MAPPING 

[AUTHOR] So he wants to have all repairs done within three days. So when we look at the define 

phase, where we try to establish the problem, establish a goal. How can you use Process 

Mining to help the manager in this phase? 

[PMCon1] Yeah well there is already one goal right? The goal is to have 3.4 defects at maximum. 

So it would be a problem if we'd have more defects. So you can actually check the 

number of cases and how often the defects occurred. Then you can define your problem. 

You check the total throughput time of the whole case, then it would be possible to see 

if there is even a problem with that goal? 

[AUTHOR] And that's all easily doable in the application right? 

[PMCon1] Yeah that would be easily doable in the application, yeah. It's a nice idea, I didn't even 

think about that. It's cool. 

[AUTHOR] For the measure phase in which you establish the baseline, to see how the system 

performs right now. Which steps of Process Mining need to be taken in order to help 

the manager there? 

[PMCon1] For the measure phase... Aren't there like specific process measures already defined in 

Six Sigma? 

[AUTHOR] Not that I know of, but I might be mistaken. I don't know.   
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[PMCon1] Because now I'd say measure the throughput time between the different activities. 

Measure the number of users... Probably the total throughput time. It's always easy to 

say that you would have all measures on how you can analyze the process even further. 

[AUTHOR] So don't you think that you already have the measures?  When you would think back to 

the example that in the past they had to time every activity with a stopwatch, or that they 

manually had to count all defects. Would that not be data that is all readily available? 

[PMCon1] Yeah that would all be data that is readily available. You'd have a lot of measures 

already available. But these are not measures that they wouldn't have before Process 

Mining. That's my kind of problem here, but it's okay. Of course, you'd have a total 

overview of your process measures in the application, instantly. So you have all 

measures between activities, the throughput times for different activities, and even more 

if you want. You wouldn't do any measure phase then. 

[AUTHOR] So when the data is loaded into the application, it's there and there is no need for measure 

anymore? 

[PMCon1] Yeah. 

[AUTHOR] So now that you've gathered data and established a baseline. How can you then, in the 

analyze phase where you're looking for the causes of the problem that we're having, how 

would you use the application there? 

[PMCon1] For this specific problem? 

[AUTHOR] For this specific problem, yeah. 

[PMCon1] For this specific problem I'd probably first look at the throughput time of the different 

activities. Then I'd see that from bike arrive to check the tire, and inflate the tire to bike 

departure would take the longest time. Then I'd like to know why. If I have different 

stations in my process I'd probably have to go and ask the station manager why their 

activities take the longest.  

[AUTHOR] So you'd talk to the people that are involved in the process and gather more data from 

them and then enrich your data? Something like that? 

[PMCon1] I think that frames it perfectly, yeah. 

[AUTHOR] So within the application then it seems like it's easy to find the causes for the problem? 

[PMCon1] No, I don't think so. I don't think that it is easy to find the root causes for the problems. 

I don't think that it's easy. So normally if you go to the customer and show him a graph 

like this and then he says: yeah I know that. It could be possible that this won't help. The 

drill-down that you'd have to do sometimes lies out of the possibilities of Process 

Mining. So it could be like this, but it's not for every customer. Also, some of the times 

when you go with the process graph to the customer it's also really nice because he 

understands it directly. But, most of the time if you... It's also that normally I'm already 

out at this stage. I heard often that they said: yeah we already know that. 

[AUTHOR] And then they decided not to act on your findings, or what happened then? 
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[PMCon1] No they just didn't know how to improve. That was the biggest problem. They already 

know that, for example, inflate tire is the bottleneck of the process. Then they'd say that 

that's true, we know that. But that's because it's the most complex because we only have 

one pump, we need to share the pump. You'd say that they need to buy one more pump, 

and they say it's not fitting into the factory, or they don't have enough storage. Then you 

need to make a calculation how much you'd save with the new pump compared to how 

much you lose via not achieving your quality goals. That would be in the next step then. 

Then you could say to them if you buy the new pump, you'd save 100.000 in costs of 

delayed delivery compared to the cost that you have right now. Oh, the other way 

around. Based on the cost that you need to acquire a new pump. 

[AUTHOR] Yeah exactly. So, indicating the improvement opportunities is okay to do. But actually 

improving the process is more of a struggle?  

[PMCon1] Yes, yeah. 

[AUTHOR] So for the improving phase we just talked about that it is quite hard to do. That it's more 

on the business side and is not really Process Mining, right? 

[PMCon1] Yes, yeah. 

[AUTHOR] Then we would move on to the control phase. How would you use the application in the 

control phase to make sure that the improvement worked, or didn't? 

[PMCon1] How would I use it... I think I'd probably have red and yellow tags defined. Red tags 

would be critical and someone would have to take care of it right away. Yellow tags 

would be not so critical probably, so I'd define how critical different tags could be. Then 

I constantly monitor these tags.  

[AUTHOR] And tags are then the causes of the problem that you have, or how is a tag defined? 

[PMCon1] I think I'd try to predefine problems that could occur in my process. So it wouldn't be 

problems that I already found out about. That would be in the analyzing phase. But it 

would be problems that would be possible to occur. Then I'd try to filter for them. I'd 

also display if they do not occur so that I remember that I have to look for it. So I would 

predefine, together with the different station managers, work that is not standard which 

can occur, and the problems. Then measure this work beforehand and monitor it. This 

would also mean measuring throughput times based on if they are okay. I don't know, 

maybe deviation or whatever. A kind of deviation measure for the throughput time for 

each station, handing that to the station manager. What could I also measure? I'd 

probably also measure for each station and for the whole process my work in process, 

my batch sizes, how much bikes I have in my process right now, well that would be really 

interesting to measure. You think about how much cases are in that state of the process 

at the moment. That would also be interesting to analyze. Always in a time relation. 

[AUTHOR] Is that in a time relation because a problem is defined as a bike that is too long at the 

bike shop.  

[PMCon1] I couldn't understand you, I'm sorry. 
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[AUTHOR] I'm sorry. You're saying that all the measures are related to time in monitoring, or did I 

make a mistake?  

[PMCon1] Yes. 

[AUTHOR] Is that because of the fact that a problem, or a defect, is defined as that a bike takes too 

long to get fixes. 

[PMCon1] For me what would be interesting would be the number of cases, at one station, at one 

point in time. That's what I meant with time-related. So how do you call it, a time series 

analysis? Something like that, where you think about how many bikes are at check tire 

right now, how many bikes are at repair tire, how many bikes are at reflate tire, at that 

moment in time. That would be interesting. That is why I'd at least measure it. 

[AUTHOR] So it seems that Process Mining can be used at all phases except for actually improve 

because that happens more on the business side.  

[PMCon1] I'm sorry, I really cannot understand you right now. 

[AUTHOR] I'm sorry. So, to summarize what we just said it seems that Process Mining can be used 

in all phases except for maybe improve. 

[PMCon1] Yes, yeah. 

G4.5  GUIDELINE 

[AUTHOR] Well, in order to guide Six Sigma practitioners in the use of Process Mining within the 

DMAIC model I created a guideline. Take a minute to look at it. 

As you can see it has the same format as the diagram that I showed you first. For the 

define phase, I introduced planning and exploratory mining & analysis. The red star 

indicates that it is the same as the whole block on the right side. 

[PMCon1] I think something is wrong with your microphone. 

[AUTHOR] So is it okay now? 

[PMCon1] Now it's way better, yeah. 

[AUTHOR] Okay great. So I'll talk you through it real quick. In the define phase, there is a block 

planning and exploratory mining & analysis. In planning, you define your problem and 

your research goals, stuff like that. To do so you can use exploratory mining & analysis. 

So you can briefly look at the model. If needed you have to do some data extraction, 

data processing and then you can briefly look at the model. When you're done with the 

define phase you can go to measure if there is a need for it. It might be the case that in 

planning you only settled on the business information systems that you want to extract 

data from and you haven't extracted the data yet. Then you can, in data preparation, 

extract the data. In data processing clean your data, filter your data, enrich your data. 

But it can also be the case, as we just discussed, that this step can be omitted. Then you 

go to analyze in which you conduct some explanatory mining & analysis where you 

really dive into the data. You use the Process Mining techniques. You can see in the 

right side in the legend that you can go from analysis back to data processing, so that 
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might, for example, be as we just discussed when you'd talk to the station managers that 

you find out some information that you want to put back in the event log. Then when 

you conducted the mining and hopefully found some improvement opportunities, you 

go to improve and you actually improve the process. Then you move to control in which 

you monitor and evaluate the process. That's what I thought would be a good idea on 

how to guide Six Sigma practitioners in the usage of Process Mining. 

When you look at the model like this. Do you think that there is a need for a guideline 

like this or do you think that Six Sigma practitioners could very well use Process Mining 

without it? 

[PMCon1] You mean if there's a general use of the guideline like this for Process Mining projects? 

[AUTHOR] Yeah. So for Process Mining projects within Six Sigma management. So do you think 

that Six Sigma practitioners can use Process Mining tools within their DMAIC model 

without a structured guideline like this or would something like this help them? 

[PMCon1] I don't think that any Six Sigma professional would be able to use Process Mining. Well 

at least not like, exploratory mining & analysis or data preparation. Only the data 

preparation, let's put it like this. The rest I would think you can use right out of the box 

probably. Normally when you're talking to the customer, there is no Six Sigma 

professional. So I think it's a huge problem for them to actually gain value out of their... 

For example for the define phase, I think data preparation and data preprocessing is a 

completely different topic. I wouldn't, I don't think that it has something to do with Six 

Sigma. For me it is ETL basically. If you look at the measure, for me what would be 

interesting in the guideline would be how to define hypothesis, questions or KPI's as the 

customer. That would be maybe also measure and define. So it would be like a little bit 

together maybe. I don't think for data preparation, that any Six Sigma professional 

would ever do data preparation in that way that we do it. So that would for me be a 

different topic which is still interesting of course. Which could also, in a way, be 

interesting for Six Sigma professionals to think about that you just need to grasp the 

concept or that you need to define the different systems to get the data from in the 

different process steps. That would be also interesting in the define phase. Okay so now 

I have the process, I have the process map of how it probably would look like. Normally 

they have already some kind of chart, BPMN or whatever. Then you'd go there and say 

okay this comes from this system, this comes from this system, but that's something that 

a project manager or Six Sigma professional could maybe do. But it's always going to 

be a data engineer or something like that. In the measure phase I think the most 

interesting guideline is how to define measures, KPI's, questions and hypothesis for the 

process, or for the problem. So kind of a guideline like that, that would be really nice. 

In the analyzing phase I think this would be the most amazing thing, the guideline on 

how to actually drill down for specific problems. I already talked about some training 

like this with [PMD1]. This would be really amazing and I think this would also be the 

most important step. For the improve phase, this would be really, really hard. I think if 

you can build something for this it would of course be amazing, right? But most of the 

time it will be very customer specific, I guess. It would be nice, if you already have 

framed problems for your analyze phase and your guideline there. I imagine some kind 

of problem, and then you have a drill-down, like decision tree, where you go depending 

on the information that you gain from the data. At the end you come to some specific... 
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like the deepest drill-down, the deepest information you can get. If you're at this 

information level, if you found out that, for example, user A is always pretty slow with 

this activity. Now of course you can do further analysis. You could look into it, so user 

A is not the one who should do this activity, a specialist should do this activity and he 

only gets in if needed. That would be even further analysis. It's really interesting also. 

Then you have this kind of solution, we saw that he's a specialist and most of the time 

he gets in this activity when someone else is on holiday. Then it would be nice to know 

how can you now improve the new situation. Are there already methods defined. Is there 

already a defined way, for example, if the other one is on holidays, user C gets 63 cases 

on Monday when the other one is on holiday. So is it possible to reduce the batch size 

for this specific user in this specific week, then the other one would need to catch up. So 

maybe there are already methods defined like FIFO, or whatever. If you map these 

specific methods, or suggestions for specific methods, to different analyzing results, this 

would already be really, really nice. Also, I think this would really, really help. Not only 

for Six Sigma professionals, but for me also. The monitoring phase doesn't seem that 

hard. Analyzing and improvement phase are the most complex parts for me personally. 

For me, guidelines like this would be amazing. And also I think for a lot of customers 

from us. Most of the people are normally overwhelmed with the stuff that they can do, if 

they have guidelines of the steps that they can do, it would help a lot. 

[AUTHOR] So you say that they are overwhelmed with the things that they can do. Should you then, 

in the different phases, limit the things that they can do. 

[PMCon1] Again please, I didn't understand you. 

[AUTHOR] Should you limit the things that they can do in each phase? For example in define, where 

you have exploratory mining, should you then create some kind of tool support that only 

lets them do the steps that they need to do to define? So it's less overwhelming for them. 

[PMCon1] Can you reframe the question? 

[AUTHOR] What I want to ask you is, when we were to create tool support for the guideline, would 

it be wise to limit the Process Mining techniques for each phase? So analyzing would 

be the biggest, where you can use the whole application. For define, for the exploratory 

mining, you'd only need, for example, a basic process graph and not the whole 

application. Would a Six Sigma practitioner, or someone who uses Process Mining, 

benefit from these cuts out of the application. 

[PMCon1] That's an interesting question. I think most of the time, of course for controlling there 

would be different applications or different dashboards. For analyzing, you'd use the 

normal application. For the rest, it is hard to say. Because for exploratory mining & 

analysis, if you think about data preparation, you basically always go to the analyzing 

step. Then in the analyzing step, you'll find some other errors where you have to change 

the data. You won't find these errors if you don't have the full application. I think the 

first step could all be solved with the application. 

[AUTHOR] The first three steps? 
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[PMCon1] Nah, also for exploratory. I cannot... but maybe you can find something. I can imagine 

that there is some type of way to use it differently. To build a different application for 

the different steps is a very interesting idea. But I cannot imagine how it would look like. 

[AUTHOR] Well I 'm going to try and do so. So I'll keep you in the loop if I manage to do so. 

So to kind of wrap up the interview. I think I covered most aspects regarding Process 

Mining within the DMAIC model. Do you think there are areas that I haven't thought 

about that might still be interesting? 

[PMCon1] You mean other areas of the DMAIC model, or are you looking for completely different 

areas also? 

[AUTHOR] No for the usage of Process Mining within the DMAIC model. 

[PMCon1]  No I don't think so, but I don't know because I don't know the DMAIC model so good. I 

think you covered everything. 

G4.6  CLOSING 

[AUTHOR] Well, then we're really at the end of the interview. Are there any questions you expected 

me to ask that I didn't ask you? 

[PMCon1] No I don't think so. I didn't really expect anything. I wasn't prepared. That would maybe 

be it. 

[AUTHOR] Well if you ever think of something that might be important for me, that we haven't 

mentioned. Please feel free to contact me.  

[PMCon1] Oh yes, of course. 

[AUTHOR] Can I ask you for advice later on in my thesis? 

[PMCon1] Yes of course. Of course, you can ask me any time. Also when I won't be at the company 

anymore you can also ask me of course. Then I even will have more to do with Six Sigma. 

[AUTHOR] Do you also want to be kept informed of the progress of the thesis?  

[PMCon1] That would be amazing. 

[AUTHOR] Then I'll do so. Finally, I got the last question. I'm going to transcribe this interview. 

Can I send you the written version of it so you can verify real quick that it is what you 

said, and that you still agree with what you said? 

[PMCon1] Yes of course. Do you need it for thesis, or what do you need it for? 

[AUTHOR] Yeah I need it for the thesis, yeah. 

[PMCon1] Yes you can, of course, transcribe it, and you can use it. Of course, it's what I said. But 

I cannot promise that I will agree to anything I said in like two months. 

[AUTHOR] No, I understand. Well, I want to thank you very much for your time and your effort. I 

hope I'll talk to you again one day soon.  
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[PMCon1] Thank you very much for interviewing me, it was very interesting. 

[AUTHOR] Thank you as well. 
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  INTERVIEW 5 – PROCESS MINING SALESPERSON 1 – 26-04-2018 

G5.1  GENERAL INFORMATION 

Table G-5: General information for interview 5 

Date 26-04-2018 

Length of the interview 00:35:27 

Name of interviewee [PMS1] 

Experience 5 years with Process Mining, heard from Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] & [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn a Process Mining salesperson would use Process Mining in the DMAIC model 

G5.2  INTRODUCTION 

[AUTHOR] I'd like to ask you if you're familiar with Process Mining, if so, how, where do you get 

your knowledge from? 

    

[PMS1] First at the university, some courses, Process Mining from Will van der Aalst, 

Boudewijn and more professors. 

  

[AUTHOR] So, when I talk later in the interview about process discovery, conformance checking, 

and enhancement you'd know what they mean? 

  

[PMS1] Yeah, yes, yeah. I did my thesis also a little bit with Process Mining. My intention was 

to do Process Mining but it ended up being more data analysis and data mining than 

Process Mining. 

  

[AUTHOR] Well, that's very convenient, let's say it like that. 

  

So,  I want to create a mapping to Six Sigma and especially its DMAIC model. Are you 

also familiar with Six Sigma, or not? 

  

[PMS1]  No, not that much. 

  

[AUTHOR] So, what I'd like you to know from Six Sigma for the sake of this interview is that it is 

a management strategy that aims to have their processes in such a way that they have 

less than 3.4 defects per million cases. In order to improve their processes they have the 

so-called DMAIC model, which stands for Define, Measure, Analyze, Improve, and 

Control. I've got a diagram for you which you can read real quick if you want.  

  

[PMS1]  Okay, I actually know this model. This one is specific than for processes, but it's similar. 

  

[AUTHOR] The idea of the model is pretty general of course. The idea is to define the 

problem,  establish the research goals, what you want to do. In measure, you gather the 

data and establish a baseline. When you look at history on how it was done back in the 

days, they'd have to time activities with a stopwatch, or they'd have to count the defects 

for a process. So I'd say that that is highly automated at the moment. Then, at the analyze 

phase, you're going to look into the data and try to find improvement opportunities, try 

to find causes of the problem and the improvement opportunities to solve those. In the 
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improve phase you actually improve the process. Then you have a control phase in 

which you monitor the process. 

  

[PMS1]  And the changes you made? 

  

[AUTHOR] And the changes you made. and if they made sense, or not. 

G5.3  GENERAL 

[AUTHOR] So, that's how a Six Sigma practitioner would tackle a process improvement project. 

How would you do such a project with the help of Process Mining? 

  

[PMS1] I think you should take into account the same steps, but I think... Who's doing this, this 

Process Mining? Is it somebody who has knowledge of the process, or is it someone 

external who has absolutely no knowledge of the process he's going to look at. Because 

that makes a difference. 

  

[AUTHOR] That makes a difference. For now, I just want to know how you would tackle a Process 

Mining project.  

  

[PMS1]  For me? 

  

[AUTHOR] Yeah, for you. 

  

[PMS1] So, first I'd like to get to know the people involved in the process. You probably talk to 

a process owner, or someone else, or even people on the floor executing the process. 

Just to get a better feel of what you're going to look into. You don't immediately dive 

into the data, because without the context it would probably not mean that much. Then, 

you probably have to define, or they have something defined probably themselves if they 

have it. Most people have some idea of what their process should look like, how it should 

work, and how it should run. Based on that you're going to gather the information from 

the data, see how the process is actually running. Use that data to get the first, basically, 

measure of how the process is really running. I think that you still need to have a good 

discussion with the process owner to know at what level you want to have a look at the 

process. They probably have a feeling or idea of what is wrong, but they don't know 

everything of course. But, if you go to the nitty-gritty, then Process Mining will probably 

not help you because it will become a big mess, actually. You'll only get spaghetti-like 

models when you go in too deep. Then I think, you should together with the process 

owner, analyze basically what you see in the data and look for opportunities to improve. 

Because you can see some loops for instance and say that they shouldn't do that, but 

there might be an actual good reason to have those loops because you need them in the 

process. It might be a validation step or something that's required for them to do. So, 

just doing this by yourself and say you need to change that doesn't work if you don't 

know the actual process itself if you don't have the domain knowledge. Together you 

can then, based on the recommendations that you get from performing Process Mining 

analysis, try to implement improvements and then keep doing the measures with the 

same software, basically. If you have our software you can do that. Then you can look 

at the new stuff if it is really improving and changing the process in the way that you 

hoped it would. 

  

[AUTHOR] Okay. So, what I get from it is that the domain knowledge is really important. 

  

[PMS1] The domain knowledge is very important in this case if you want to do a good analysis. 

I think so at least. 
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[AUTHOR] So, when you'd compose a project team someone with domain knowledge needs to be 

there? 

  

[PMS1] Yeah, you need a technical expert, domain knowledge, but you'd probably also need 

someone with the technical understanding of the underlying system so you can get the 

correct data. In general, a process owner or process manager will not be completely 

aware how the structure of the databases that need this system, or systems perhaps even. 

You need somebody that can help you access the data and also knows which data 

actually corresponds to that. Because on a technical level the names might not even 

match with what you think. 

  

[AUTHOR] So, it already follows a highly similar structure to the DMAIC model. If you were to 

give some specific Process Mining techniques that you'd use within each phase, which 

ones would that be? 

  

[PMS1] I think that the first step is almost always discovery, so just have a look at the model and 

see what it looks like. Then, the next things would probably be conformance if you want 

to compare it to the expected model to see what is changing or what is happening 

differently than what you expect what is happening. From that, see if you can explain 

why these changes are happening and if they are valid changed, or if perhaps the base 

model is just nonsense. That sometimes also happens. From there, I'd say, you start to 

look into timings probably the most, and resources used. So people have a lot of single 

point values in the system, or they are causing delays, causing stuff like that. 

  

[AUTHOR] So, timing issues and resourcing issues are the most common do you think? 

  

[PMS1]  I think it depends on the process. 

  

[AUTHOR] That's true, that's true. 

  

[PMS1] If you have a highly automated process, then I don't think that timing and resources may 

be that important, but more the structure that you chose for the overall process. If it's 

highly flexible then it'd probably more on the resource part and how these resources 

interact with each other. 

  

[AUTHOR] Well, I created a process. I want to introduce this use case, so please take a quick look. 

It's a bike shop and the customer arrives with a flat tire. The mechanic checks the tire 

and he decides whether it can be repaired or that it needs to be replaced. He reflates the 

tire and the bike can get back to the customer and leaves the store. So, it's a rather simple 

process. When you'd look at it from the Six Sigma perspective, they would have to have 

less than 3.4 unsuccessful bike fixer per million fixes that they do. Unsuccessful is said 

to be that the owner does not have his bike back within 3 days. 

G5.4  MAPPING 

[AUTHOR] So, if you were to help the manager in the define phase, to define his problem. I don't 

think that it's that difficult, but how would you use Process Mining techniques in the 

define phase to help the manager for this particular problem? 

  

[PMS1] Yeah, define the problem. Basically, what you want to know is when is it a failure, when 

is there a defect? 
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[AUTHOR] Yeah. 

  

[PMS1] Okay, you need to check somewhere... Well, for this case you don't have any returning 

customers or something like that. So, for instance, how do you know? Okay, you could 

have data depending on if something is returning for the second time in three days, or? 

  

[AUTHOR] Well, you'd know at departure how long the bike was in the system. If it was longer than 

3 days in the system it is flagged as unsuccessful. The repair is successful because he 

gets his bike back, but it's flagged as unsuccessful because it was out of time. 

  

[PMS1]  Aah, out of time. 

  

[AUTHOR] Yeah, it took too long to fix the bike. 

  

[PMS1]  Okay. But that's also a defect then? 

  

[AUTHOR] Yeah, that's a defect. 

  

[PMS1]  So, if it takes too long to fix the bike, it's a defect? 

  

[AUTHOR] Exactly. 

  

[PMS1]  Okay, and what did you want to know? 

  

[AUTHOR] Assume that the manager only knows the process. So, he thinks that it goes like this. 

How can you help him to find out what the problem really is? He heard on the street 

that his bikes took too long to get repaired, but he hasn't any information on it. 

  

[PMS1] Well, the first thing would be to talk to the people and see what the people are actually 

doing in the bike shop. Just see how the process really runs. Be there and observe. I 

don't think they have an underlying system to do something like this, probably. So, be 

there and see what happens when a bike arrives, what people do, if they actually take 

these steps and take them in this order. I can also, for instance, imagine that they started 

to repair a tire and found out that they can't repair it. And then they decide to replace 

the tire after all. At repairing and inflate you also want to do some check or something 

else before you hand over the bike. Instead of just inflating it and thinking that it will be 

okay. If it immediately runs out of air you will probably notice that something is wrong, 

but you might want to do some other checks. I think the first step would be to really be 

there on the work floor and see what is actually happening instead of assuming that this 

is what is happening on the floor. 

  

[AUTHOR] And if they had an underlying system that would record all this and if this turned out to 

be the happy path, would you still try to look how it would deviate from the happy path 

then?  

  

[PMS1] Yeah, probably. Well, it might be a little sidestep but actually what is in the system is 

not always what is actually happening on the floor. So that's also important to see what 

is really happening there. Because taking into account our pathology product. There we 

measure the system through moments in time that are happening in the laboratory. And 

what happens when somebody scans something, and then you get the timing. So they did 

this at point A, this at point B at that time, and this at point C at that time. But then you 

only get the moments that they actually scan something. If you go and have a look there, 

you can see that sometimes people leave there station, do something else, go talk to 

people, they need to hand over something over there, but there is no interaction with the 

system. So there is no log of what is actually happening at that moment. But that might 
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still provide useful information if you want to improve the process. There is also stuff 

that is not logged in the system that could happen and influence the process. 

  

[AUTHOR] Yeah, that's true. So, talking to the people involved in the process is highly important? 

  

[PMS1] I think that this is still important. I think Process Mining makes it easier to get to the 

real truth. Because, if you talk to people and they tell you what to do, they might not tell 

you everything. If you only look at the system, you can't assume that the system also has 

everything logged. You don't log everything that you do all day. So, you should have a 

combination of the two. That's why you need the domain knowledge and see what is 

happening. 

  

[AUTHOR] So you'd take a quick look at the model and talk to the people on the floor in the define 

phase. Are there also Process Mining steps you can do in the measure phase? 

  

[PMS1] Yeah, sure. I think then you really look at the data and sees what the system tells you. 

See if this is really happening. So, maybe you see in the measure phase with Process 

Mining... Well, I don't know if you already go into analysis now but it depends on how 

you call measure or analysis. But you can see for example in the data if someone tried 

to start to repair a tire and eventually decided that it's not going to work and replace it. 

Then, if that happens a lot, then you can go into improve and change the order but... 

  

[AUTHOR] Well from my understanding that's already moving to the analyze phase.  

  

[PMS1]  Yeah, exactly. 

  

[AUTHOR] Because the measure is just gathering the data, establish the baseline, to see how the 

process works. So, I feel that information, when you'd have an event log, you can in the 

application already see an overview of all the data, all the measurements, all the 

statistics, etc. 

  

[PMS1] Well, I think in reality that when you start measuring you already do some analysis 

because you see weird things. Yeah, the measure would be here gather information from 

the source system if it's available. But also maybe see what happens on the floor.  

  

[AUTHOR] So, then for the analyze phase you already explained that you can dive deeper into the 

data. Would you then use the full spectrum of the application for that and the Process 

Mining tools? 

  

[PMS1] I think, yeah. So, the first thing I'd do in this case then is to use the data, use the 

application that you have available, look at the process that you get, look at the timings 

that you get. See if you can find something weird. So, for instance, if you have a lot of 

cases that are overtime that first have a repair and then a replace, that would give you 

an indication that something is wrong in the process there. But then, I think the most 

important step there is when you've done the analysis yourself with your data and your 

software, is to go back again to the process owner and maybe even the people on the 

floor and ask and validate with them that they also experience this in that way. Maybe 

they say: yeah that's something we already noticed or no we've never noticed this so it's 

not possible. Then there might also be something wrong with the data. 

  

[AUTHOR] So, again, communication with the process owner and the people involved is important. 

  

[PMS1]  Yeah, just, how should I call it, verify your findings. 
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[AUTHOR] So, you have some fact-based findings from Process Mining and you verify them with 

the process owner? 

  

[PMS1]  Yeah, exactly. 

  

[AUTHOR] And in the improve step. Can you also use Process Mining in the improve step?  

  

[PMS1] It might be. But I think you need some domain knowledge. For instance, I can say: okay, 

I look at your process, I look at the data, I see that you always try to start with repair of 

the tire or that you have replaced the tire. But in most cases that you have, you end up 

with replacing the tire even if you started trying to repair it. So, you know what, you 

should just never repair the tire and only replace it all the time because then you will 

be faster. Then he may say, okay but that's way too expensive and I might lose customers. 

So, the suggested improvements might not always work. 

  

[AUTHOR] So, discuss with the people involved in the process? 

  

[PMS1] Yeah. I think you can come up with ideas based on what you see in the data. You can 

have some really valid points that they may not have talked about. But, it may also be 

that you see something and that they have already thought about it but that it's just not 

feasible in practice due to legislation or other stuff. 

  

[AUTHOR] So, finding the improvement opportunities is okay to do with Process Mining? 

  

[PMS1]  Yeah, because that's data-driven probably in most cases. 

  

[AUTHOR] Actually improving the model might then be more difficult because it might not be 

feasible. 

  

[PMS1] It might not be feasible, you might also not be talking to the right people. If you take, 

not the bike shop but a bigger company, you might have some data scientist that you're 

working with. They see there is improvement and then you have to talk to the process 

owner and he sees it but the project manager won't change it because they have to fire 

people or something like that. So, realizing change is not always the easiest thing to do.  

  

[AUTHOR] And say that you have improved something, that you, for example, got rid of repair tire 

and that you always replace the tire. How can you use the application to control, or to 

monitor, the improvements? 

  

[PMS1] Basically you should reproduce the same steps as before. So, get the data in the same 

way, do the same analysis and compare if it's different than before. If your goal was to 

improve the timing, see if the timing gets better. If the number of defects should be lower, 

stuff like that. Basically, do the same steps as before and see if there is a change. You 

want to compare the time before and after the change. 

  

[AUTHOR] That's pretty clear. So, it seems that you can use Process Mining in each of the steps 

except maybe for improve. 

  

[PMS1] I think that the analyze indeed gives you the insight and that improve is something that 

you have to do outside the realm of Process Mining. 

  

[AUTHOR] I understand. 

G5.5  GUIDELINE 
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[AUTHOR] So, I created a guideline in order to try and guide the Six Sigma professionals through 

a Process Mining project. You can take a look at it. So, the model is actually based on 

an existing Process Mining methodology. That are the grey blocks, they form the steps 

of a typical Process Mining project according to the methodology. You'd start with 

planning. So, in the define phase, you'd define a problem, select the information that 

you want to extract the data from, you'd compose a project team, and setup the project. 

In order to find out the problem, you'd use some exploratory mining. It has a block data 

preparation in it, because if you don't have any data you cannot use the Process Mining 

techniques of course. Data preparation is split up into extraction and data processing. 

Data extraction is extracting the event data from the information systems that you 

selected and data processing is doing the preprocessing, enrich your data, filter your 

data, clean your data, stuff like that. Then, you can go on to the block analysis in which 

you can do process discovery, conformance checking, and process analysis. Process 

analysis has enhancement in it, but for the sake of Six Sigma, there are also some Six 

Sigma tools in it. Statistical methods that can be automated using the application. You 

can do some exploratory mining and you can take a quick look at your data to find out 

your problem. Then you'd define that in planning of course and you can move on to 

measure. Measure contains the data preparation block we just talked about. You'd move 

on to analyze and do explanatory mining & analysis where you really dive into the data. 

Find out the causes for the problems that you defined in the define step. Then you'd 

move on to improve where you'd improve the process and finally to control where you 

do some monitoring and evaluation. So, that's how I thought that the guideline should 

look like. When you see this, do you think that there is a need for a guideline like this 

for Six Sigma practitioners to help them with a Process Mining project or do you think 

that they can very well use Process Mining on its own without a guideline? 

  

[PMS1] I think that a guideline is always useful in most cases. Even if it's just a guideline, let's 

put it that way. It's not set in stone. It helps you think about the steps that you need to 

take in order to reach your goal. Of course, in some cases, you can always maybe 

deviate in certain points because the situation is just different. Maybe, for instance, if 

you look at data extraction, they don't allow you to do the data extraction. They just 

give you something that you have to work with. That might be the case. Okay, so, a 

guideline. Good Idea. I think it's useful every time. But, it might have small deviations 

depending on the project. 

  

[AUTHOR] What you're saying is that they cannot do the extraction. Those are actually optional 

steps. You can also start a project when you have a clean event log readily available and 

then you don't have to do data extraction or data processing at all. 

  

[PMS1] Well, it depends. You still need to think about how did you get the data, where did it 

come from, did they leave anything out, it might be critical, etc. etc. Also, data cleaning 

you have in data processing. That's also something that I think you should do in 

discussion with the process owner, or someone who really understands the data. In a 

clean, neat world, everything is ordered nicely and nothing is coded by numbers or ID's, 

or you'd have a column case type or something and it's not hidden somewhere in the ID 

of the case you're working on. If you want to do this right, you need the experts on the 

data side to help you do the right things. Don't just go out on yourself and think okay I 

should do this and this and this. Or you can throw this away and it turns out to be a 

viable piece of information encoded in some way. 

  

[AUTHOR] So, that would really be something to take into account in planning already, when you 

compose a project team. That you have the right people in your team. 

  

[PMS1] Yeah. I'd maybe extend it indeed with the kind of people that you'd like to have on the 

customer side for each phase, for instance. 
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[AUTHOR] So, when you look at the guideline. Do you feel that there is information missing that 

might be important? 

  

[PMS1] Like I said, the right people from the project team, or, define the type of role that you'd 

like to have on the customer side to help you provide input in this phase. For instance, 

for the data preparation, you'd like to have a technical or data specialist from their side. 

If you look at the improvement or the possible improvements, you'd need to have the 

process owner or maybe a change manager or something like that on their side. So, the 

monitoring maybe there you need, it's not the manager its task, but someone else below 

the manager, a team leader or something that is responsible for keeping the process 

running. It really depends on the organization. I really think that it would be helpful to 

have some guideline or ideas who should involve in the organization. 

  

[AUTHOR] In each step of the model? 

  

[PMS1] Yeah. Also get the list of people that you need to contact in the planning phase to see if 

they are there and if they're available. Because then you also know where you're going 

to need them in the future. 

  

[AUTHOR] Okay. I see some opportunities to improve there. When you'd add those things. Would 

it then be clear enough for you? Would you like to see another granularity of the 

guideline? 

  

[PMS1] I think it really depends on how experienced this consultant this would be with Process 

Mining techniques. For instance, if you'd say, you should use at this step process 

discovery, most people have an idea what you mean with that if you have Process 

Mining experience. If you don't have that, you maybe need some more detail about how 

that could be done in different tools. Or what you have to do, or what process discovery 

actually is. So, it depends on the level of knowledge that that person would have in terms 

of Process Mining. 

  

[AUTHOR] Okay. Well, I want to develop a written version around it which contains all the steps 

that they have to take within each block. So, I think you can cover that within there. 

  

[PMS1]  Yeah, exactly. 

  

[AUTHOR] I also want to create tool support in the application for it. The idea is then to limit the 

functionality of the tools for the phases that they use. So, in define… 

  

[PMS1]  You can only look at this and this? 

  

[AUTHOR] Yeah, exactly. Then in analysis you'd have the whole application. In control, you'd 

maybe have the same or only a monitoring dashboard. Do you have any opinion on that? 

  

[PMS1]  I have a question. Why do you want to do that? 

  

[AUTHOR] Because people can get overwhelmed by the whole functionality of the tool.  

  

[PMS1]  I can imagine that.  

  

[AUTHOR] They see, for example, all dashboards and they don't know where to look. So, I'd like to 

simplify the application in such a way that they have the right tools at the right time. 
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[PMS1] But then, shouldn't you guide them instead of limiting them? For instance, if they're 

doing process discovery. Well, I don't know, which phase is that? They are in 

exploratory mining, then you'd guide them. Say, okay we're now going to do this. You 

guide them to that specific dashboard and just have a small explanation like this is what 

you're looking for blablablablabla. You guide them there. But, if they see something else 

that might be interesting in the exploratory phase as well. But if you limit them they 

won't ever get there. Instead of limiting them then guide them in the right direction. Give 

them a clear starting point. From there they might do some exploratory stuff themselves. 

At least they know what the main focus is and where they should go to reach that goal. 

That way, you can still have people get the information that they actually need at that 

point. For instance, if you only tell them you can only look at the process graph in 

exploratory mining. Then they say okay, and you go do some assumptions and 

everything. But if they'd have looked at the resource graph, the social network, then 

maybe they already would have seen something there that would have helped them 

through the entire process because you already know there is a single point of failure. 

Or you see something really weird. So, if you limit them too soon they might not get that 

and then you discover that only later in the stages. Then you might have to do some 

rework, rewrite your assumptions and everything. So, I think that the idea of guiding 

them because it's overwhelming is really good, but limiting them might be too vigorous.  

  

[AUTHOR] Okay. 

  

[PMS1]  Well, no, sure, that's my idea.  

  

[AUTHOR] No, that's fine. You're free to tell me so. So, you actually think that the application 

contains all the tools they would need? 

  

[PMS1] I think that the application has 80% of what you need. Because it's really generic. You 

always have really process dependent stuff that is unique to your process, or at least 

unique at the finance world or the logistics world. The application is so generic that you 

can put logistic stuff in there, but also financial stuff. But for financial stuff, you might 

want to have more money-based things in there that are not out of the box available. 

For logistics stuff, you might need more utilization rates or something like that which is 

not already in there. 

  

[AUTHOR] So, it should be adapted to the process that they analyze, but then it can be used? 

  

[PMS1] Yeah. That's why we always say the 80-20 rule. So, 80% is covered and 20% is probably 

unique to your system. So you have to make some small changes, or additions probably. 

It really depends on your project and the use-case that you're making of it. 

  

[AUTHOR] Okay. Well, I think I covered a lot of aspects of Process Mining and its use within the 

DMAIC model. Do you feel that, besides people that work within each step, that there 

is any other information missing from the guideline? Or are there areas that I haven't 

thought of that you say you should maybe include that? 

  

[PMS1] One of the things that we see, it may not be completely relevant in this case, but a lot of 

the stuff is always about process improvement... We sell software. For our software, we 

have to make a business case. So they have to pay the license to use our software and 

that's a certain amount. If they want to keep paying that, they need to have value on the 

opposite side. Usually, the value comes from improving the process. Which means 

cutting costs, increasing efficiency, etc. etc. The only way to realize that is if you have 

the power to change anything on that side of the organization. Maybe that means firing 

people, maybe that means completely changing the process, etc. etc. So, if you want to 
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be successful with Process Mining in a project, you need to have commitment on the 

right level of the organization to change stuff. 

  

[AUTHOR] So, you say that in order to do Process Mining you need to be at that level that you can 

also implement the improvements. 

  

[PMS1] Yeah, exactly. Because most of the times, things will turn out to be... If it's really small 

changes then it's probably not worth the money, right? So, if you want to do big changes 

you need commitment on the good level of the organization to do those changes. 

  

[AUTHOR] Well, that's something to take into account. 

G5.6  CLOSING 

[AUTHOR] We're going to the end of the interview already. So, I want to ask you perhaps the hardest 

question of today. Are there any questions that I didn't ask you that you expected me to 

ask? 

  

[PMS1] Ooooh, that's always a good one. No, not really. But I didn't know what exactly to 

expect.  

  

[AUTHOR] That's fair enough. It's good to have a moment of reconciliation about what you 

expected. 

  

[PMS1] Yeah, yeah. I'm not sure about... maybe... I'm just curious if you're not guiding people 

too much with the sheets. You already asked how I'd do it in the beginning, so I guess 

that's okay. I'm just wondering because you really start to think in these phases. It's fine, 

it's fine. 

  

[AUTHOR] Well, that is kind of the aim of the interview. To get your mindset into the different 

phases of DMAIC. 

  

[PMS1] Yeah, exactly. I was thinking if you don't steer people that much then they would 

probably have a different story. I'm not sure. 

    

[AUTHOR] That's true, but I'm highly interested in the story involving the phases of DMAIC.  

  

[PMS1]  Okay, then it's okay. 

  

[AUTHOR] Then I want to ask you if I can ask you for advice later on in the thesis? 

  

[PMS1]  Yes. Of course. Always. 

  

[AUTHOR] Do you also want to kept informed on the progress of the thesis and the guideline? 

  

[PMS1]  Sure. Very much, I think it's nice. 

  

[AUTHOR] Okay. Then I've got the hideous task to transcribe the interview and type everything out. 

Can I send it to you for verification of the content? 

  

[PMS1]  Sure. No problem. 

  

[AUTHOR] Okay. Well, then that was it. I want to thank you for your time and your effort. 
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[PMS1]  No problem. You're welcome. Good luck. 

  

[AUTHOR] Thanks.  
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  INTERVIEW 6 – PROCESS MINING CONSULTANT 2 – 26-04-2018 

G6.1  GENERAL INFORMATION 

Table G-6: General information for interview 6 

Date 26-04-2018 

Length of the interview 00:37:49 

Name of interviewee [PMCon2] 

Experience 2 years with Process Mining, 1 year with Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn a Process Mining consultant would use Process Mining in the DMAIC model 

G6.2  INTRODUCTION 

[AUTHOR] I first want to ask you if you are familiar with Process Mining, and if you are, how so. 

  

[PMCon2] I work as a consultant for the company and as such, I help companies with the 

implementation of the Process Mining application that we have. So, I'm kind of familiar 

with the basics of Process Mining and how we apply it in our tool. Prior to working at 

the company, I did come across Process Mining, but also on a pretty high level and not 

so much into detail. Since working at the company it got more into detail and I started 

to understand what is needed for Process Mining, what you can do with it, what are the 

limitations. Also how it can practically be applied, what kind of processes or what kind 

of data you can look at. Also, that Process Mining is a certain method to, for instance, 

improve your organization, which always need some kind of approach or some kind of 

method to go alongside with it to translate the findings into actual improvement.  

  

[AUTHOR] Okay. When I'd go a little bit more technical and talk about stuff like process discovery, 

conformance checking, and enhancement. You also know what I mean? 

  

[PMCon2] Yes. 

  

[AUTHOR] Are you also familiar with Six Sigma? 

  

[PMCon2] I've done Business Administration as my studies. So, I've come across Six Sigma but I've 

never really gone into depth about it. I know it's about reducing the number of defects 

and improve your processes. But I don't really know the details about it. 

  

[AUTHOR] Well, then you already know more than the other interviewees about Six Sigma. What 

I basically want you to know about Six Sigma is that it's a management strategy that 

aims at processes with less than 3.4 defects per million cases. So, as you said, it's about 

improving processes. In order to do so, they use the DMAIC model which is a model 

that they go through in order to improve the processes that they work with. 

  

[PMCon2] Yeah, I've come across that before. Like Define, Measure... 

  

[AUTHOR] Yes. Exactly. So, I made a diagram for it. You can read through it real quick. 

  

[PMCon2] Okay. 
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[AUTHOR] So you're already familiar with the concept you say. Within Define you define the 

problem, you establish the goal, you compose a project team. Then you go to measure, 

which I try to explain with an example from history. When you look at the time that 

quality management came to be, one would have to use a stopwatch to time activities, 

or they had to manually count all the defects. So that's why there is a measure phase. 

Then you have analyze, in which you really look at the data and try to find improvement 

opportunities. Then you actually improve the process in improve and you move to 

control to monitor your process. It's a pretty straightforward way to try and improve 

your processes.  

G6.3  GENERAL 

[AUTHOR] So, this is the way that Six Sigma practitioners try to improve a process. How would 

you do something similar, but then with Process Mining? 

  

[PMCon2] I'm thinking that Process Mining comes in at three of the stages. Mostly the measure 

part where you try to get your baseline, or just, yeah some sort of process discovery as 

well. You try to identify how the process at this moment currently going. Or you can 

define what you want to measure, what you want to look at. Then really analyzing is 

trying to find certain root causes or problems that exist in the process. So that's really 

going more into depth about the process itself. Then finally in the improving part, that's 

outside of Process Mining I think. This is where you take the findings you found in 

analyzing and try to implement those in the company. Try to educate your people, build-

in certain control, or remove some unnecessary steps. Finally, for the control part, that's 

where you try to see if your changes had any effect. Yeah, you just keep track of the 

process, if everything is going in the right direction. And I think then you'd start the loop 

again if I understand it correctly. 

  

[AUTHOR] Yeah. I've got a similar understanding of what you are telling me. So, you often work 

with the application, right?  

  

[PMCon2] Yes. 

  

[AUTHOR] Can you see the application being used to go through a loop like this? 

  

[PMCon2] Yes. Because, as I said, I've come across this Six Sigma before. It was mentioned during 

a project at company A and also during some sales talks with company B. They also 

mentioned that they worked with this kind of approaches and that it could really 

complement this approach. Because they do not have to start up a whole new project, 

or BI dashboard, however you want to call it, to do the measuring and analyzing. They 

can start from seeing how the process goes using the application. So, they can start with 

the measuring and then also do the analyzing in the application. Finally, maintain their 

control by monitoring the processes. So, yeah, I'd say that the application fits into this 

approach. Especially also because you can take charge of the controlling part, which I 

think, compared to other Process Mining solutions, is not really offered by them. 

  

[AUTHOR] So, where does the application differ then? How can you take charge of the monitoring 

process? 

  

[PMCon2] Once you've set it up, you can reload your data and look at how... without having to do 

a lot of additional steps. For instance, with other tools, you might have to map the data 

again or configure everything from scratch. I think with our application you can set this 

once at the beginning and then refresh the data once it's needed. It makes it easier 

compared to other tools. In this way, you can keep track of how your process changes 

over time. You can also do some historical analysis. 



G-50                                                            Bridging the Gap Between Process Mining and Six Sigma   

 

  

[AUTHOR] Okay. So, we've got a pretty good understanding of how Process Mining can be used in 

the DMAIC model. I prepared a use-case to make it a little bit more tangible. It's about 

a bike shop, to which you can come with a flat tire. I made a process graph. Just take a 

look at it. 

  

[PMCon2] Okay. 

  

[AUTHOR] So, it's a really simple process. A bike arrives at the store and he has a flat tire. A 

mechanic checks the tire and he assesses whether it can be repaired or if it needs to be 

replaced. He does so and then he reflates the tire and the bike can leave to the customer. 

This is the happy path of course. An unsuccessful bike fix is said to be that the owner 

does not have the bike back within three days. The manager wants to analyze the process 

because he adheres to the Six Sigma principles and he wants to reduce the number of 

defects. He wants to use the DMAIC model, so he wants to define the problem. 

G6.4  MAPPING 

[AUTHOR] How can you help him with the use of Process Mining to define his problem? To define 

his goals? 

    

[PMCon2] I think like you said he wants to reduce the defects. In this case, a defect is that the bike 

is not done within three days right? 

  

[AUTHOR] Yeah, correct. 

  

[PMCon2] Yeah, how to start the Six Sigma. So, you mean how would you start with the DMAIC 

model? 

  

[AUTHOR] Yes. I actually want to go through all phases. So, I'd like to know, first for the define 

phase, how you can use Process Mining or how you could use the application in each 

phase. 

   

[PMCon2] I'm not sure if Process Mining can really help with the define phase. This is where you 

look at the problem you want to tackle. It could be that you want to, when you have a 

lot of problems in the organization, perhaps use Process Mining to prioritize which 

process you want to look at. But I'm not really sure about that. I think, in the define 

phase, you'd mostly look at okay, we have a certain problem and what is the best 

approach to do with this problem. What's a method of approaching this. So, I think for 

the define phase there is a very little role for a Process Mining tool. During the measure 

phase I think that Process Mining can be very on the foreground. You could use other 

tools to just measure the time between checking in and checking out. That also gives 

you insight into the number of defects in this case. So, you wouldn't necessarily need to 

use Process Mining for it. However, if you feel that you, if you need more insight, then 

you need to start looking at between the black-box of when it's coming in and departure. 

If you only look at the times you're very limited in information. It will be hard to make 

very big, significant improvements that allow you to obtain Six Sigma. So, I think 

Process Mining is especially suitable for that if you have a process to look at. The 

measure will give you insight in how the process is going. That could maybe, that's 

already the analyzing step, where you try to identify what's causing the problem. In that 

way, the Process Mining can help you to identify okay we see a long throughput time 

for these kind of cases. What's the problem? What's going differently for these cases 

compared to the cases that are not defects. So, then with pure Process Mining you can 

look at variations and stuff. Process information as well. You can go deeper looking at 

throughput times and processing times and whatever. So, then you can really get to the 
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root causes. Then, when you've finally found the root cause of the problem, what you 

think is impacting most significantly the defects, you can go on to the improvement 

phase. When you identified the root cause, you define an improvement approach, a 

certain improvement. How you want to implement that within the organization, also how 

to communicate that within your organization and who you need to target. Possibly, 

you'd also need some, for a bike shop it might not be that necessary, but for large 

organizations you also need some buy-in from the stakeholders to realize improvements. 

For that stage, I think that Process Mining is less relevant. You could look at who are 

the most important users, or who are the people that are conducting certain steps in the 

wrong way. If that's one of your findings, then I think that Process Mining can help you 

looking at who to target, who to communicate with or work closely with to improve the 

process. If a certain step is related to a certain department you know where to look at. 

So, I think Process Mining will help you who to target within the organization to make 

the improvement a reality. And, then finally the... C is control right? 

  

[AUTHOR] Yeah. C is control. 

  

[PMCon2] Okay. For the controlling phase, I think that Process Mining will also become 

important. Then you want to see if there is any improvement in my process. How is it 

going now? Was it better than before. So, you're really comparing the process over time. 

Trying to identify variations or if the wrong step is occurring less. Basically, you want 

to monitor this at a certain interval where you check-in on the process on a regular 

basis and see if it's going correctly. If your improvements are actually producing any 

results. Once they do I think you have to start back at the beginning of the loop and look 

for another problem or another large defect or a root cause of the defect. Start from 

scratch with analyzing and then implementing an improvement. 

  

[AUTHOR] So, when you'd loop back, you'd loop back to analyze? 

  

[PMCon2] Yeah. I think measure and control are quite related. With control, you get some feeling 

of how your processes are going. I think it's very closely related to the measuring. Then, 

if you find a new problem or new issue, you'd first analyze if it is really an issue, where 

is it coming from, what is the root cause of it. So, if you'd loop back, it would be to 

measure or analyze I think. 

  

[AUTHOR] So, Process Mining comes most in handy for measure, analyze and control, right? 

  

[PMCon2]  Yeah. I think they also have a role in the other steps but it's likely to know what to 

prioritize I think. 

G6.5  GUIDELINE 

[AUTHOR] Okay, that's clear. Well, the aim of the thesis is to create a guideline for Six Sigma 

practitioners so they know how to approach a Process Mining project. I created an initial 

version of it. There's the main flow, which is the colored boxes. On the right side, there 

is a legend and the stars indicate that you can find that block in there on the right side. 

You can take a moment to look at it.  

  

[PMCon2] Okay. 

  

[AUTHOR] Okay. So, what I thought of was to start in the define phase with planning. In planning, 

you establish your research goals and your project plan. In order to find out your 

problem, you have to do some exploratory mining & analysis. Exploratory mining & 

analysis, which you can find on the right side, consists of data preparation and of 

analysis. Data preparation consists of data extraction and data processing. Data 
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extraction is where you extract data from the information system that you want to work 

with. Data processing is some filtering, enriching, cleaning, stuff like that. After you've 

extracted the data that you want and processed it, you can move to the analysis phase 

which contains the classic Process Mining techniques. You might notice that there's a 

block called Process Analysis instead of enhancement. It actually contains the 

enhancement step from Process Mining, but I'd like to create some views with statistical 

methods that are used within Six Sigma, so, therefore it's called Process Analysis. When 

you'd do analysis and you'd find some things and you want to loop back to your data 

processing to enrich your data, you can as indicated by the arrow on the right. So, that 

would be exploratory mining & analysis. You take a brief loop at your data, what the 

process looks like, if you can see some problems in the global overview. Then you can 

define the problem based on that information you just gained and move on to the 

measure phase. The measure phase is then defined as data preparation. So, extracting 

data and processing your data so you can use it in the application. In my opinion that is 

kind of automated in the application. Because, then you have those measurements, those 

data already available. Then, when you've loaded the data into the application you can 

move on to explanatory mining & analysis. You'd then take the steps again found on the 

right side, but there might not be a need for data preparation anymore. You can then 

really look into the data and find out the root causes of the problem. When you've found 

some improvement opportunities you can move to process improvement and actually 

improve the process. Then you can move to monitoring & evaluation in the control 

phase and use the same application to monitor and control your project. So, that's how 

I wanted to guide them through a Process Mining project. When you see a guideline like 

this, do you think that there is a need for something like this or do you think that Six 

Sigma professionals could use Six Sigma on its own without the guideline? 

  

[PMCon2] Well, what I think is that, if you present Process Mining, sometimes it's perceived as a 

bit of a threat. Something that's different from Six Sigma. Not everyone is immediately 

aware that it is a complementary method instead of something like a substitute. So, I 

think if you make it clear of how it fits into the DMAIC cycle, I think that would benefit 

the Six Sigma professionals. It helps them with seeing that it can complement my existing 

method and this is where it fits in. I think it's also quite clear. So, yeah. I think it would 

make a lot of sense for those people. 

  

[AUTHOR] Okay. And when you look at this. When you'd try to go through it in your head. Do you 

think that there is any information missing in the guideline? 

  

[PMCon2] I'm not completely sure about the data preparation in the measure phase. Because in 

the measure phase you only determine what you want to look at. 

  

[AUTHOR] The way that I looked at it, is that when you look back at history when you had to go 

into the manufacturing hall and use a stopwatch to time how long one step in the 

production process would take. Or if you had to count how many things on the belt were 

wrong. So, there you'd really gather the data from the process. That was in my mind the 

mapping to data extraction from the information systems.  

  

[PMCon2] Aah, yeah. Makes sense. 

  

Because in the define phase you also have the exploratory mining & analysis, and that 

also already includes data preparation and analysis, right? But that would mean that 

you... That's for when you've already implemented Process Mining and you start at the 

beginning of the loop? 

  

[AUTHOR] Yeah. That's true. There are actually multiple entry points into the guideline if you can 

say it like that. It might be the case that you want to solve a problem and you've only 
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defined the information systems that you want to work with but haven't extracted any 

data yet. So, then you'd really need the data preparation. But it can also be like you said, 

that you've already Process Mining implemented and that you already get clean event 

logs. Then there is no need for the data extraction and such. 

  

Do you think that the granularity of the guideline is okay? 

  

[PMCon2] Yeah. Because you give some information about the data preparation and analysis. The 

process improvement, I'm doubting a bit if that should be more elaborate. 

  

[AUTHOR] How could it be more elaborate? 

  

[PMCon2] Yeah, I'm also not sure. It's mainly just a feeling because the other steps are dealt with 

in more detail, or given more granularity. The improvement is just one step. It also 

makes sense. Also because if you present it like this, you also have... What process 

improvement is, selecting improvements, implementing and verifying them. 

  

[AUTHOR] It actually comes from the same thing that you said earlier. The process improvement 

does not really involve Process Mining that much. Because it happens on the business 

side, at the client side. 

  

[PMCon2] Yeah. I think what perhaps is then missing and not completely clear is what steps are 

really involved with the Process Mining or what is really Process Mining itself. Like, 

what's really a technical step of the Process Mining and what's really an organizational, 

soft step, where you have to implement an improvement. 

  

[AUTHOR] I agree. The way that I want to tackle that is to create a written guideline around the 

diagram in which I can explain, okay, here you have explanatory mining & analysis and 

you'd need to conduct this and this Process Mining step to successfully do so. Like a 

written guideline to the guideline. 

  

[PMCon2] Yeah. I think if you start adding more colors or whatever, more icons, it will become 

quite cluttered. But yeah, that's the most important part that is not in the guideline I 

think. And then finally, we also briefly talked about the looping. Like when you're done 

with control. But I'm not sure if there's like basic Six Sigma approaches like how you go 

back from control to continue. 

  

[AUTHOR] From my understanding, in a Process Mining project there is a clear loop from control 

back to analyze or to measure. Within Six Sigma they would go through the DMAIC 

chain and then again a DMAIC chain. They would really start it up every time. But, I 

agree with you that it can be very well a loop. Because then you can show the Six Sigma 

professionals that they don't need the whole DMAIC chain every time.  

  

[PMCon2] Yeah. Well, I can understand that for the sake of the approach you go through the steps. 

That you start again with defining. However, you don't need to spend a whole lot of 

time. Like what system do we need? Because you already have the system. You kind of 

know that in this area you have to look at. Or you might find out that you don't have the 

data yet in the tool. So, I think that once you go through the loop more and more, some 

of these phases will take very little time. If I know how religious some of the Six Sigma 

professionals can be, they would like to adhere to all of the steps. You can still go 

through all the steps but how long they will take will decrease I think. 

  

[AUTHOR] Yeah, I agree with you. So, you think that the guideline is clear enough? Shouldn't we 

add more 'clutter' as you say? 
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[PMCon2] No, I think after what you mentioned about the data preparation, the example of the 

stopwatch made it clear why that's in the measure phase. I don't really see a point that's 

missing. 

  

[AUTHOR] Okay. Well, that was actually my next question. I think that I covered most aspects 

regarding Process Mining in combination with the DMAIC model. Do you think there 

are areas that I haven't thought about? 

  

[PMCon2] What I see in practice is that sometimes these kinds of applications are sometimes seen 

as a holy grail. We get insights and then the process improves. But you need more than 

that. You need something to complement your application or your tool to actually do 

the improvements. I think that there are several tools out there that can help you do the 

improvements. Mostly those are more project-based, I'd say. Where you load in the data 

one time, you see what needs to be improved, you improve it, and that's it. I think where 

one of the strengths of our application lies is that you can monitor them and actually go 

through the loop again and again. So, something like this where you have an approach 

that you can use to complement the application I think that it makes it better to be used 

in practice. 

  

[AUTHOR] So, also some tool support, a dedicated guideline on how to use the tool to go through 

the DMAIC model is valuable as well? 

  

[PMCon2] Yeah, like an example or a use-case. It could be interesting. I think having an approach 

in place or being able to present an approach of how to use Process Mining or our 

application, in particular, is really valuable for organizations. 

  

[AUTHOR] Okay. That's the aim of the thesis so we're going to try to do that.  

G6.6  CLOSING 

[AUTHOR] Then we're coming to the end of the interview. I want to ask you a few more questions 

that are rather short. Are there any questions that you expected me to ask you that I 

didn't ask you? 

  

[PMCon2] That's a good question. No, not that I can think of right now. 

  

[AUTHOR] If you were to think of one later, please let me know. 

  

[PMCon2] Yeah. 

  

[AUTHOR] Okay. Can I ask you for advice later on in the thesis? 

  

[PMCon2] Yeah. I'd be happy to help out. I think it's very interesting and I think something like this 

could really benefit us. So, I'm happy to help out if you have any questions. 

    

[AUTHOR] That's very nice, thank you. I guess I know the answer to the next one. Do you want to 

be kept informed on the progress of the thesis and the guideline? 

  

[PMCon2] Yes. 

  

[AUTHOR] Then I've got the hideous task of transcribing the interview and typing out word for 

word. Can I send you the transcript so you can verify the contents so I can use it in the 

thesis? 

  

[PMCon2] Yeah. You can send it to me and I'll confirm it if it's correct. 
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[AUTHOR] Okay great. Then this is the end of the interview. I want to thank you very much for 

your time and your effort. 

  

[PMCon2] You're very welcome.  

  

[AUTHOR] I hope I see you one day in Eindhoven soon and we can discuss it a little bit more. 

  

[PMCon2] Sounds interesting. 

  

[AUTHOR] Then I'll stop the recording. Thank you. 

  

[PMCon2] Okay, thank you. 
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  INTERVIEW 7 – PROCESS MINING C-LEVEL 1 – 30-04-2018 

G7.1  GENERAL INFORMATION 

Table G-7: General information for interview 7 

Date 30-04-2018 

Length of the interview 00:33:47 

Name of interviewee [PMC1] 

Experience - 

Name of interviewer [AUTHOR] 

Note taker [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn how a Process Mining C-level would use Process Mining in the DMAIC model 

G7.2  INTRODUCTION 

[AUTHOR] I first want to know how familiar you are with Process Mining. Can you tell me what 

you know about Process Mining real briefly? 

  

[PMC1] I'm very familiar with the techniques of Process Mining. I do not have any real-world 

experience doing Process Mining in actual cases at customers. 

   

[AUTHOR] So, when we talk about process discovery, conformance checking, and enhancement 

you'd perfectly know what they mean? 

  

[PMC1] I think enhancement is a bit of a difficult one because nobody knows exactly what that 

means. The other two I know quite exactly what they mean.  

  

[AUTHOR] Okay, that's great. I've got a vague idea of what enhancement is but we'll come to that 

later. Are you also familiar with Six Sigma? 

   

[PMC1] Less. I didn't do it myself. I talked with a lot of people about it. I know a lot of people 

that are doing it. But that's all. 

  

[AUTHOR] So, you probably know that it's a management strategy trying to improve processes such 

that they have less than 3.4 defects per million cases.  

  

[PMC1] Yeah. 

  

[AUTHOR] Are you also familiar with the DMAIC model that they use to achieve their 

improvements? 

    

[PMC1] Not really, only that it's more like a plan, do, act model. 

  

[AUTHOR] So, it's kind of that. I made a diagram of it. So it's indeed quite similar to a plan, do, act 

model. In define, you'd define the problem, establish your research goal, compose a 

project team, really start up your project. Then in measure, I think it's the hardest one to 

explain. My understanding of measure is, when you look back at history like the 1980's 

something like that, people would really need to go into the manufacturing hall and use 

a stopwatch to time the time that an activity would take and count the number of defects 

that they have on the belt. So, it's really about gathering data, establishing a baseline of 

how the process runs. In the context of today, it's quite hard to explain because it's kind 

of assumed that data is already there. 
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[PMC1] Yeah, but still. Even if the data is there, getting the data is still the biggest problem. 

  

[AUTHOR] That's true. It is about getting the data and establishing how the process runs. Previous 

interviews turned out that it is good to look back at history to really explain that it is 

about gathering the data. Then, analyzing is of course diving into the data that you just 

gathered and try to find some improvement opportunities which you're going to act on 

in improve. Finally, you want to control the improvements that you made and verify if 

they made sense or not.  

  

[PMC1] Yeah. 

G7.3  GENERAL 

[AUTHOR] So, that's basically how Six Sigma practitioners tackle a process improvement project. 

Do you have a sense of how you'd tackle a process improvement project as a process 

miner? 

  

[PMC1] Yeah, most of the time it is a bit similar but we forget the define step. We just start doing 

random stuff. It often starts with the data and you see that the data is more leading. 

You're not having a problem, finding the correct data, and fixing the problem but you 

have data and find problems that match the data and solve those. So, that's a bit 

dangerous because it's often too much data-driven. I think the analyze and the improve 

step... What you see is the measure and analyze step I think are done most of the time. 

So, without having a good definition. If you look at the improvements often you see that 

you have a different team that's doing the improvement and doing the analysis. So, 

you're not able to actually do the improvement. That also makes controlling and 

monitoring the process often is... you do not get to that point. So if you look at Process 

Mining, I think that most companies are doing smaller projects that are just part of the 

complete cycle. 

  

[AUTHOR] So, measure and analyze is good to do and then at improvement, it becomes hard 

because it needs to happen on the client side. And controlling is hard because the 

improvement got stuck. 

  

[PMC1] Yeah. I think everybody knows that you should do this, but often you see that you get a 

shorter process and a lot of steps are skipped and then it's very hard to actually make 

sure that you do anything. It often stops at: 'we have a nice insight' and then there is no 

commitment to go any further. That's also again because it's data-driven. It's driven by 

the data people and not always by the business. The improvement step really needs to 

have the business make their steps. 

  

[AUTHOR] That's where I can think Process Mining and Six Sigma are a good combination. 

Because, they do have an improve phase in their DMAIC model, so they have an intent 

to improve. When you'd find the insights using the Process Mining tools, you'd 

eventually also go to improve. 

  

[PMC1] Yeah. That's the reason why you're looking into it of course. I also think it's both data-

driven, it's both based on data. If you look at Process Mining, data is more or less the 

starting point, if you look at Six Sigma, you need the data to be able to measure stuff. I 

think Process Mining has a bit more central role for the data. Six Sigma would minimize 

the data I suppose, only what you need is what you need to improve on. But it would be 

nice to line it up. 
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[AUTHOR] So, you already discussed it a little bit. But if you were to map the Process Mining 

techniques within each phase, which Process Mining techniques can you use throughout 

the model and then particular for each phase. 

  

[PMC1] If you ask the question that way I'd turn it a bit around. So, let's assume that we have 

some data and you can look at the process. In the define phase, you can already use 

discovery to see problems in the process that you can solve with Six Sigma. That will 

also help you for the measure, finding which measures you want. In that sense, if you 

ask me the question this way, then the first three phases are more or less, you can do all 

of it I think with process discovery. Analyze you could also use conformance checking 

probably, I see you call it tagging. For the improve step I don't see much use for the 

Process Mining, I think that is more or less outside of our reach. Then the control step, 

monitoring the process I think it's something that our application or Process Mining, in 

general, could do very good. 

  

[AUTHOR] Yeah. Well, that's a quite similar view as the other interviewees had. So that's good, I 

guess. I prepared a use-case so we can make it a little bit more tangible. It's about a bike 

shop to which you can go when you have a flat tire. So, what happens is that you arrive 

with the bike, a mechanic checks the tire and he assesses whether it can be repaired or 

that it needs to be replaced. He does so and then he reflates the tire and the bike leaves 

to its owner again. For the sake of Six Sigma, the manager wants to try and minimize 

the number of defects to bring it to less than 3.4 defects per million cases. A defect is 

said to be that the owner does not have his bike back within three days. 

G7.4  MAPPING 

[AUTHOR] How could you assist a manager in the define phase with the use of Process Mining. 

  

[PMC1] Then we need to add something like throughput times to this, to be able to define the 

throughput time from arrival to departure. You can see if the repair tire and replace 

tire paths have different throughput times and different defect rates in such sense. That's 

about it. 

  

[AUTHOR] So, in the define phase you want to look at the defect rates and the throughput time. You 

investigate to which path you want to look. 

  

[PMC1] Yeah, you can also see where the problem could be. So, yeah you can also look at the 

throughput times of the other things. If inflating the tire takes three days you also have 

a problem probably.  

  

[AUTHOR] Yeah, exactly. So what comes the most in handy is the process discovery part or would 

it already be conformance checking? 

  

[PMC1] No, no, no, it's discovery at this phase.  

  

[AUTHOR] And for measure, what could you do there? 

  

[PMC1] Yeah, then the throughput times really need to be added of course. You look at the 

discovered model and see where you already see big waiting times or big spreads of 

waiting time. That's something that you'd like to measure more precisely maybe or even 

control the outliers in the waiting times. So, and then you can get below the level of 

detail you have in the model of course. If check tire is a problem, then you need to go to 
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the real process and see why check tire is a problem. That's not in the data, that can 

give you an indication but it cannot give you a solution. 

  

[AUTHOR] Okay. So, would you then in analyze use different techniques to really dive deeper into 

the data? 

  

[PMC1] Yes if you have it I'd look at different aspects. If you have case attributes or, for example, 

if you know it is a very old tire or a particular brand of tire you could do analysis on 

that. But, most of that analysis probably would be not really Process Mining but more 

classical BI or statistics. So, in that sense, the model more or less gives you the tactical 

map where you can see where stuff happens so you can talk about it and have an 

overview. The deeper analysis I'd do in different places. 

  

[AUTHOR] So, it's then more a combination of Process Mining to look at your model and see where 

the defects are and the causes of the problem are. Then more statistical BI and statistics 

you say to find out the root causes. 

  

[PMC1] Yeah. 

  

[AUTHOR] Okay. Then the improving phase you say is hard to do because it's a little bit out of 

scope for Process Mining. 

  

[PMC1] Yes. 

  

[AUTHOR] Then in control Process Mining comes back in to monitor the measurements. 

  

[PMC1] Yeah. Again, then you know quite well what you want to measure. For example, we need 

to check the tire throughput time. Most of the time you do that without Process Models 

and just classical BI for monitoring. 

    

[AUTHOR] And why should then, in your opinion, a Six Sigma practitioner use a Process Mining 

platform like the application? 

  

[PMC1]  Well, it is, of course, the combination of Process Mining and BI that they need to use. I 

think that Process Mining in this when you talk about it, it's more like the overview that 

gives you the map that gives you places that you can change or fix. It's less about 

measuring or monitoring actual defects. 

G7.5  GUIDELINE 

[AUTHOR] Okay. So, in order to try and guide a Six Sigma professional through a Process Mining 

project, I created an initial version of the guideline. It looks like this. It has the same 

layout as the diagram before so you can have them next to each other. The stars indicate 

that the block can be found in the legend. You can take a quick look at it. 

  

[PMC1] So, this is exploratory? 

  

[AUTHOR] It's both exploratory mining and explanatory mining. Within exploratory mining, you 

only take a brief look at the data. In explanatory mining, you really dive into the data. 

  

[PMC1] Okay. 

  

[AUTHOR] So, the flow goes from top to bottom and it follows the grey blocks within each phase. 

The grey blocks are based on a Process Mining methodology PM2 by van Eck. He 

defined a Process Mining methodology on how could someone tackle a Process Mining 
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project without knowing how to really do so. You'd start with planning, so you'd set up 

your research questions, what you want to do, compose a project team. In order to find 

out what the problem is you can use some exploratory mining. Of course, you need to 

gather the data that you have so there is a block data preparation where you can extract 

data if you haven't extracted the data already. You can preprocess it, filter it, enrich it, 

clean it if it's needed. When you've prepared the data you can take a brief look at it with 

process discovery and if you also want conformance checking and a little bit of process 

analysis. Process analysis is a combination of the enhancement techniques and also 

some statistical methods, some BI as you say, and things that people want to use in a 

Six Sigma project. When you've taken a brief look at your data and you found a way 

that you want to go you can define it in planning and you can move on to measure. 

Measure is then defined as the data preparation block. You move on to analyze and you 

really dive into the data. I forgot to mention that there is a loop back from the analysis 

block to the data preparation. If you found out something that you want to add to the 

data, you can still enrich your data. After you've dived into the data and found some 

improvement opportunities you go to process improvement and you improve your 

process. Finally, in monitoring & evaluation, you can monitor your improvements and 

see if they worked or not. So, that's how I'd like to guide a Six Sigma professional 

through a Process Mining project. When you see a guideline like this, do you think that 

it would be useful for Six Sigma practitioners or do you think that they can use Process 

Mining without it easily? 

  

[PMC1] I think it would be useful, but I would do it a little bit different probably. Well, what's 

useful especially I think is that the role of data is made more explicit. Also, the feedback 

loops that you need to get back to the data often is something that people often 

misunderstand or underestimate. Because having good data is really key to being able 

to do the other steps correctly. It's seldom that you have the right data from the 

beginning. I think that those loops are very good. What worries me a bit about your 

model is that when you look at the define phase, planning and exploratory mining, I 

would really first do planning, a define step what you want to do, and only then go into 

exploratory steps. That's because I often see that we do it the other way around. We look 

at to data to see what happens and you're looking for problems and not the solutions 

really. So, it would be nice if you already have a good idea of what you would like to 

solve at least. At least you got the end goals. Of course, you can then do an exploratory 

step and find new ways of getting to that goal. But, if you first look at the data, you can 

find all kind of 'not really problems' that you can solve. 

  

[AUTHOR] It was initially designed like that. To really start in planning and then move on to data 

preparation and only look at your data at analyze. But then we realized that people don't 

do that. That they already look at their data and try to find out something. Therefore, we 

felt there was a need to add it in the beginning. 

  

[PMC1] Yeah, you need it at the beginning. But still, I'd make planning more important than the 

analysis here. If you would look at it as a process, you'd do plan and then really a loop 

with exploratory analysis back to plan again. Then you can move to data preparation. 

  

[AUTHOR] So, planning should really be the initial step? 

  

[PMC1] Yeah, for me that should really be the beginning. Of course, it's intertwined with the 

other things. Let's see, in the other steps. I think data preparation... Explanatory mining 

& analysis has, of course, the same problem but you already put that in. The other parts 

are quite ok I think. 

  

[AUTHOR] And the loop that you want to go back to your data, is that explicit enough or should 

that be made more explicit? 
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[PMC1] Here it is, but it might even be the case that you need two parallel rows where you put 

Process Mining besides the DMAIC cycle so you can see how it influences each other.  

  

[AUTHOR] So, you'd more want to see a Process Mining project, and the DMAIC model and then 

relations between the two? 

    

[PMC1] It could be, I'm not sure. Let's say if you do not have Process Mining experience but you 

do have Six Sigma experience, I'd expect us to make the Process Mining parts more 

explicit here. So also, for example, that you can use Process Improvement in the 

planning that's quite obvious to us. But that will not be for people that do not know 

Process Mining that good. Question, did you look into more data-driven Six Sigma 

where they also use a lot of data from databases, for example? 

  

[AUTHOR] No, I haven't really looked at a lot of Six Sigma methodologies. I did look at a lot of 

Process Mining methodologies and from there this model came to be.  

  

[PMC1] Because I’d expect that Six Sigma, in relation to data in general, also more or less has 

the same problem. 

  

[AUTHOR] Well, I haven't looked into that. I can do that, that makes sense.  

  

[PMC1] So, you'd perhaps use a different approach. Do you think that something else is missing 

from this guideline? 

  

[AUTHOR] I assume the total thing is a cycle and you have a lot of feedback loops that you don't 

show explicitly.  

  

[PMC1] Perhaps show the loops back more explicit? 

  

[AUTHOR] Yeah, I'm thinking because the data aspects will be a bit lower in each subsequent loop. 

In the exploratory and explanatory it will be more the same. Even the second time you'll 

still because it's even easier to have good data, validate your plan quite quickly of 

course. There are very short loops there. 

  

[PMC1] So, the initial steps in the first two phases actually become less time-dependent. 

  

[AUTHOR] Yeah. 

  

[PMC1] Because also for the data preparation you would expect that 90% of the data 

preparation is still in place. You'd have to add 10% so that becomes quicker. I think that 

I'm not sure if you should make that more explicit, especially getting the first data that's 

most of the time quite underestimated in this. Also, you often have not all the data that 

you'd like to have, how you'd handle that. 

  

[AUTHOR] That's kind of insinuated with the loop back from analysis back to data preparation. So, 

when you're doing the analysis and find out that you should have had other data on that 

then you can go back and enrich your data.  

  

[PMC1] Yeah, but it's also just often making the choice that this is the data that we have, this is 

what we should do it with. Making sure that... Often you don't have exactly the data that 

you want so then you need a proxy that's good enough to measure something. 

  

[AUTHOR] Yeah, I understand. 
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[PMC1] For example, processing times are often not available. You can make a lot of 

assumptions that make it possible to measure process times somehow. But that's a bit 

unclean of course but often better than not doing it. 

  

[AUTHOR] I've tried to create a global overview, I'm not really diving into the steps of planning for 

example in the diagram. Do you think that the granularity of such a diagram is okay or 

should you expect to have the underlying activities also in the diagram? 

  

[PMC1] Not in the diagram, but it should be more explicit in the methodology of course. 

  

[AUTHOR] It's like that. It has an accompanying text in which each step for the blocks is explained 

more explicitly. So, that actually belongs to the guideline. But, in the diagram, I tried to 

make it as clear as possible in having it like this. Do you think that that's okay or should 

I add more? 

  

[PMC1] Yeah, what I already said. I think that the difference between DMAIC and Process 

Mining could be a little bit more explicit for my taste. Also, maybe because, if people 

are already doing Six Sigma without Process Mining, you would like to show them 

what's added and you cannot easily see that now. Maybe it's too integrated now. If you 

started both then this would be fine, but what does Process Mining add to Six Sigma. I 

think that the diagram should more answer that question than give the integrated 

overview. 

  

[AUTHOR] Okay, that was not the way that I looked at it but it kind of makes sense. I was really 

aiming at the combination of the two and not so much... 

  

[PMC1] Yeah, but what you define is a combination but how you communicate it is probably 

showing the difference between with and without Process Mining.  

  

[AUTHOR] Okay, I'll look into that. I think that I covered most aspects regarding the usage of 

Process Mining within Six Sigma. Are there any other things that you think I haven't 

thought about that should be included? 

 

[PMC1]  Not directly I think. 

  

[AUTHOR] Well, if you think of one later feel free to contact me of course. 

  

[PMC1] Yeah. 

G7.6  CLOSING 

[AUTHOR] Then we're coming to the end of the interview already and I've got the hardest question 

of the day for you. Are there any questions that you expected me to ask you that I didn't 

ask you? 

  

[PMC1] I would've expected more questions as for why I'd think that the combination would be 

a good idea. What Six Sigma could add to Process Mining and the other way around. 

Because, you obviously see that there's a lot of overlap, but that overlap makes the 

differences more interesting for me. Also, as I just said, how to explain the differences. 

I'd have expected more questions in that direction. Now you're more or less directly 

validating what you thought of of course, but for me, we're more or less in the define 

phase where it is more interactive still. 
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[AUTHOR] Okay, well the aim of the interview was indeed to kind of validate the initial version 

that I came up with. But if you were to answer the question on how Process Mining can 

benefit from Six Sigma and the other way around, what would your answer be? 

  

[PMC1] I think that Process Mining often has a structure that's too much focused on the 

technology. I think that Six Sigma has a much more defined business improvement 

process. Also much clearer business goals. I think that Process Mining could benefit 

from that. I think that Six Sigma could benefit from the overviews, the clarity that 

Process Mining gives about problems that you have. Use those to tackle the right 

problems. I think that, if you look at the data steps, it's more or less, in theory, it's the 

same. I think the Process Mining approach uses a lot more data, and that will benefit 

Six Sigma a lot because I'd expect that Six Sigma people do not have very good data 

competencies. Also, in that sense, will probably use a lot of wrong data. Or to view data, 

only the data that they define that they need. I think that looking a bit broader would 

make sense. I think that in the analysis step you'd probably see the same. I think Six 

Sigma will probably have more tunnel vision than should be. Process Mining could 

broaden the view and also make it a lot more difficult of course to analyze correctly. I 

think Process Mining often misses the improve steps. That's because it's outside the 

technology and it's not what we do is often what we say. Then it stops. But you still need 

to organize that at the company, otherwise, it will not happen. I think for control, 

database framework or Process Mining framework will make it a lot easier to cleanly 

keep monitoring the same data and things. That's just an opinion. I'd think that a lot of 

Six Sigma steps at some point lose the control step because the measurements take too 

much time or whatever. 

  

[AUTHOR] So, they really complement each other’s weaknesses in a sense? 

  

[PMC1] I'd expect that, yeah. 

  

[AUTHOR] Okay, that makes sense. Can I ask you for advice later on if I need? 

  

[PMC1] Of course. 

  

[AUTHOR] Do you also want to be kept informed on the progress of the guideline and the thesis? 

  

[PMC1] Yes. 

  

[AUTHOR] That's great. Then I've got the last question. I'm going to transcribe the interview. Can I 

send the written version to you for validation of its content? 

  

[PMC1] Yes, you can. 

  

[AUTHOR] Then I'd like to thank you for your time and your effort. 
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  INTERVIEW 8 – SIX SIGMA EXPERT 1 & 2 – 30-04-2018 

G8.1  GENERAL INFORMATION 

Table G-8: General information for interview 8 

Date 30-04-2018 

Length of the interview 00:54:20 

Name of interviewees [SSE1] & [SSE2] 

Experience [SSE1]: 2 years with Process Mining, 12 years with Six Sigma 

[SSE2]: Works with Process Mining in a Six Sigma environment 

Name of interviewer [AUTHOR] 

Notetaker [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn how Six Sigma experts want to use Process Mining in the DMAIC model 

G8.2  INTRODUCTION 

[AUTHOR] When I explain Six Sigma to the Process Mining people here at the company I tell them 

that it is a management strategy in which one aims for a process which yields less than 

3.4 defects per million cases. How would you explain Six Sigma? 

  

[SSE1]  I agree it's a management strategy. When I explain Lean Six Sigma to people who don't 

know anything about it I say it's a process manager handbook which started in 1800 

something where Taylor went to the docks in London and asked the dock workers who 

the best dock worker is. When he proved himself he was immediately the benchmark for 

the others. People outperforming him would gain more and people underperforming 

would receive less salary. I explain that actually, it is a fact-based approach to process 

improvement trying to establish true problems and thereby focusing on the correct 

improvements based on the process data. Having a specific approach to the Define 

Measure Analysis Improve and Control, the DMAIC cycle. Actually, I always make the 

split between the Lean and Six Sigma part. Where I explain Lean as the process manager 

handbook, which was - as I explained earlier - started somewhere in scientific 

management in the 19th century. Elaborated further in as well Japan as America. I 

separate the Six Sigma component which focuses more on variation thinking than on 

just the general mean thinking of process information. Combining those, you actually 

have a very solid approach to continuous improvement. That's how I'd explain it. Then 

I look at [SSE2] because she just looked at me and said I don't know anything about Six 

Sigma and see if she understood me.  

  

[SSE2]  Your explanation doesn't really sound so different from process analytics the way we do 

it right now I think. 

   

[SSE1]  No, not at all. Especially when you look at the first phases, the define, and the measure 

phase. The most times they are the hardest part of the project. Because you have to 

define your project to actually see if there is a problem. In the traditional way, it is 

usually based on the process owner  who has a headache on some part of the process. 

Then you have to look into the system data and see if the problem actually exists there. 

Usually, the system data is not reliable or sufficient. You have to put up a new 

measurement system to measure if there is a really a problem and if you can measure 

your improvements. Most of the time that takes a lot of time. Then in the analyze, 

improve and control phase, there's actually a lot of overlap. Process analytics will take 

over a lot of the Lean Six Sigma troubles.  
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[AUTHOR] Okay, one of the things which can come in handy with speeding up the DMAIC model 

I'd say I think is Process Mining. Are you familiar with Process Mining and its 

techniques or does it need some explanation? 

  

[SSE2]  I think we're familiar. 

  

[SSE1]  We're familiar. [SSE2] is very familiar and I'm looking at the side and then see what's 

possible.  

  

[AUTHOR] Well, I did prepare a little diagram for you.  

  

[SSE1]  Please show me, I love diagrams.  

  

[AUTHOR] Yeah, do you? That's nice! I think I'm sharing the screen now.  

  

[SSE1]  There might be some delay. I see that something is happening. I see you are sharing. 

[PMD1] is presenting.  

  

[AUTHOR] Do you not see the diagram? 

  

[SSE1]  It's coming now.  

  

[AUTHOR] So you can take a moment to look at it if you want. 

  

[SSE1]  Aah I see it now. Data preparation, process discovery, conformance checking, and 

enhancement. Okay, can you talk us through it a little bit? 

  

[AUTHOR] Yeah I will. So, in order to do Process Mining, you need to have event data. In the data 

preparation step, you're going to extract the data from the information systems that you 

selected. You need to preprocess your data, so it needs to be cleaned, filtered, you can 

enrich it with some business knowledge. Then you convert the event data to clean event 

logs. They serve as input for the Process Mining techniques. Then, there are three 

Process Mining techniques: process discovery, conformance checking, and 

enhancement. In process discovery, you really look at the structure of the process, the 

routing probabilities and the most frequent paths you can take. They all become visible 

quite clear. Then, in conformance checking you can check whether the model that you 

just discovered complies with the event data that you have. Or, for example, if the event 

data complies that a model that your business analysts have compiled. Then, in 

enhancement, you're going to look deeper into the data and really look at things as 

throughput time, the resources per task, the longest waiting times, arrival rates and stuff 

like that. So, that's how I try to explain Process Mining. 

G8.3 GENERAL 

[AUTHOR] When you know about these techniques, how do you think that they can be used within 

the DMAIC model? 

  

[SSE1]  Okay. Well as I explained earlier just on the fly. I think that in actually defining your 

project Process Mining will be important in the near future to the selected projects. In 

the measurement phase, you probably do not need to build-up a new measurement 

system because it's already validated in your process analytics tooling. As well as, in 

the control phase, embedding your improvement in the organization, of course, that will 



G-66                                                            Bridging the Gap Between Process Mining and Six Sigma   

 

take some work. But checking if your improvements did work out is also automated in 

the process analytics part. 

  

[AUTHOR] Yeah, I agree. And [SSE2] do you also have an opinion on it? 

  

[SSE2]  I have really no knowledge of Lean Six Sigma or anything related to that. 

  

[SSE1]  I'm curious because defining to see if there actually is a problem you can pretty clearly 

understand that. Measurement to see if the problem really is a problem you probably 

understand that as well. The next phase is analysis to see what's the underlying cause 

of the problem. Would you, in your experience with process analytics, would you see 

the analytics part to see what's the underlying reason that actually a problem exists. 

Would you need process analytics as well, or do you still need to go into the organization 

and ask questions? 

  

[SSE2]  I think it is a combination of both. 

  

[SSE1]  It's a combination of both?  

  

[SSE2]  The only thing is that we do not start with the problems that the business provides like 

there is a problem here, let's figure out what the problem is and fix it. We just start with 

the full process and check whether we think there are problems. You still discuss with 

business that you think there are problems to help them get numbers to have a better 

business case or to, just say, well it's not really a problem.   

  

[SSE1]  So the define and the measure phase are completely covered by process analytics and 

then the analytics part does help to find the spots where to actually go into depth. But 

then still you have to discuss with the organization what is actually going on here.  

  

[SSE2]  Or if they like, if you see that takes two minutes, that doesn't really have judgment in it. 

It can be that one step that takes two minutes is really good and another step that takes 

two minutes is really bad. So, I think you always need some sort of explanation of what 

is really happening there.  

  

[AUTHOR] That makes sense. So, you need explanation of someone to talk you through what's 

happening. So, you need to incorporate the business people as well?  

  

[SSE2]  Yeah, definitely. 

  

[AUTHOR] Okay. And [SSE1] for you the question when you would go through a DMAIC model. 

Do you already use Process Mining techniques right now and if so how? 

  

[SSE1]  No, actually we stopped using Lean Six Sigma on a regular basis within the company. I 

am not aware of any projects that did a full DMAIC cycle using the process analytics 

part. But, on the other hand. Our analytics and pricing department where [SSE2] is 

working discovered lots of potential using process analytics in the process. But, they 

didn't complete a complete DMAIC cycle because that's not their responsibility. They 

just identified the problems, quantified the problems and gave them back to the 

management. Even this analysis part is the underlying reason actually the problem 

exists, so please go fix it. They didn't do the project management part, really fixing it 

and implementing within the organization. 

  

[AUTHOR] Okay. So, with the use of the process analytics, the first three phases like define, measure 

and analyze are really good to do and improving isn't actually happening right now? 
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[SSE1]  That actually is an issue, yes. That's because of the responsibility to actually improve 

the process which is diverted to the operational management. You usually see that they 

lack the capabilities of continuous improvement. It's a bit harsh. 

  

[SSE2]  It really helps for the analytics part that we can quantify it. So that we can really show 

that if you don't fix this, this will cost you this amount of money every day, or as long as 

you can't fix it. It really helps to get back so people can change things but still, changing 

things is really the part that takes the longest. 

  

[AUTHOR] Well, that's also one of the problems that when I talk to the Process Mining experts at 

the company they say that the first three steps should be really doable, but at improving 

there really needs to be an intent to improve. Otherwise, you just have the improvement 

opportunities and you cannot go forward.  

  

[SSE1]  Yeah, exactly. That is why in your explanation of Lean Six Sigma like you’ve said that 

it is a managerial strategy and it should be. Just implementing process analytics will 

not result in the same mindset from a full-blown Lean Six Sigma deployment in an 

organization where all management and all employees are being made aware of the 

possibilities of continuous improvement and how that can be done on a regular basis in 

a structured way. 

  

[AUTHOR] Yeah. So we're trying to develop a guideline to try and solve that. So that the 

improvement opportunities are actually being improved. I first want to go to a little use 

case to get a bit more tangible feeling on the DMAIC model and the combination with 

Process Mining. It's about a bike shop. So, what happens is that you have a customer 

who has a flat tire. He comes to the bike shop and arrives with the bike. The mechanic 

checks the tire, he assesses whether it can be repaired or that it needs to be replaced. 

Then he does so, he reflates the tire and the customer can leave with the bike. The 

manager wants to adhere to the Six Sigma principles so he wants to have less than 3.4 

unsuccessful bike fixes per million cases. An unsuccessful bike fix is said to be that the 

bike fix took longer than three days. When you'd help the manager in the define phase. 

G8.4 MAPPING 

[AUTHOR] How would you think that you can use the process analytics or the Process Mining tools 

to guide the manager there, to find out what the problem is? 

  

[SSE1]  Could you wind back a little bit? What actually was the demand of the customer and 

what is the actual process performance at the moment? 

  

[AUTHOR] So, what is defined as the problem is that a bike takes too long to get back to its owner. 

When it takes longer than three days it's labeled as a defect. 

  

[SSE1]  Yeah, okay. 

  

[SSE2]  And you want to know from us what we would do to figure out what the problem is? 

  

[AUTHOR] Yes exactly. How do you think that you can use, for example, process discovery, 

conformance checking or enhancement, or even other process analytics or statistical 

methods to find out the problem.  

  

[SSE2]  First I'd check which steps contribute how much to the throughput time. So then when 

you figure out, for example, that inflating the tire takes two days then we can check what 
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is the problem. Why that part specifically takes so long. That's why it's increasing the 

total throughput time. Then you can try to fix, maybe we need an extra pump.  

  

[SSE1]  In the traditional way I'd start measuring to see if there actually is a problem. So many 

bikes, so many defects do really exist because it takes longer than three days. I'd also 

speak to the customers to see what their specification limits would be. Is it actually three 

days, or is it two days. To see if the problem perceived by the management is actually a 

problem. We could use process analytics, if this process is already completely 

automated in systems, to check the total lead time of the process and to check the 

different stages. To see where is the most working time and the most processing time. 

  

[AUTHOR] And would you already do that in the define phase? So, you say you'd take some 

measurements. Wouldn't that happen in the measure phase? 

  

[SSE1]  It's really so that in the define phase you do not measure. You talk to the people with a 

headache and hopefully you talk to the customers to see if there actually is a problem. 

Then in the measure phase, you'd do the things I mentioned the latter. Measuring lead 

time, waiting time for the entire process. That would be the measure phase. But, because 

I said it just in one... Perhaps if process analytics is implemented in an organization. 

The define phase will be in a breeze. Perhaps the two of them could be combined. I've 

seen a lot of projects which started in the define phase which was very qualitative. They 

had to go back after the measure phase to review their define phase. One thing that I 

think where process analytics could contribute the Lean Six Sigma model is to have a 

very clear define phase by combining it with the measurement phase.  

  

[SSE2]  Yeah, I think that's the only difference. Because somebody already said they have a 

headache that is not efficient. Then we can try to define if there is a problem by talking 

to people. But you still have the qualitative way of looking at it. I think the only way to 

figure out if there really is a problem is to look at the data. 

  

[SSE1]  Exactly. Iterations between define and measurement, especially with new black belts, 

new green belts, take a lot of time. It could be limited by using process analytics. But, 

you have to have process analytics implemented in your organization as a managerial 

strategy as you said. And being it without proof the basis of the continuous improvement 

cycle of an organization as well as managerial reports.  

  

[AUTHOR] So the initial stages of the DMAIC model can really be sped up when you have a process 

analytics implementation?  

  

[SSE1]  Yes, definitely. I'd say from two months to two days.  

  

[AUTHOR] Really, did it take so long beforehand?  

  

[SSE1]  It usually takes two months for a new black belt, or green belt to actually complete the 

define, the measurement phase, go back to the define phase to redesign and remeasure. 

Two months does not sound as an exception to me. 

  

[AUTHOR] Okay, wow. That's longer than I expected to be honest. 

  

[SSE1]  It's different in manufacturing because there is a lot more data. But if you look at the 

financial sector or services sector it takes a lot of time just because of the lack of data.  

  

[AUTHOR] Okay, that makes sense. Well, then in the analyze phase I assume that you'd use the full 

spectrum of the process analytics tools right? 
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[SSE1]  Right. 

  

[AUTHOR] Okay, are there also tools that you can use in the improve phase, or as you say that 

doesn't really involve the process analytics anymore?  

  

[SSE1]  That's an interesting question. In your improve phase you're actually going to test your 

hypothesis to see if they are relevant or not. I do not know if you can simulate processes 

in process analytics.  

  

[SSE2]  Not that I know of. So what do you want with simulating? 

  

[SSE1]  For example, in your analysis phase in the traditional Lean Six Sigma way you go to 

talk with the stakeholders and people that work with the process to see what could be 

the underlying problem of an apparent problem. The apparent problem probably comes 

from process analytics. This takes too much lead time so we have to improve this. Then 

you have a qualitative round to see what lies underneath. You collect more data to see 

if you can test if all the hypothesis you have actually correlate with the problem. Then 

in the improvement phase, you're going to implement them to see if the underlying 

problem you found you can actually find a solution for it, implement it and see if it 

improves. I could imagine that if you have everything in place in process analytics you 

could define a solution and predict a result because you have your statistical correlation 

between problem and solution. Then you can run this through process analytics, 

simulating a new process graph. Would that be possible? 

  

[SSE2]  I think it could be possible but I don't think you'd often do that. Because it really takes 

a lot of work. The way we did it right now is that we figure out what the problem is, that 

we say our team goes fix. Then as soon as it is fixed we can monitor whether it really 

changed in the way that we wanted it to change. Then you can still do some adjustment. 

But I think you really just check what happens and you change something. 

  

[SSE1]  What you probably can see almost in real-time is the improvement when something is 

fixed. That comes in handy in the improvement phase. In the traditional way, you'd need 

to collect more data and more reports, etc. The waiting time before the improvements 

are actually implemented and you can see actual results can take up to weeks. Probably 

this can be in process analytics be in real-time. 

  

[SSE2]  You have daily data and if it's implemented you can see it easy I think. It could be daily 

or weekly because I don't think that daily really helps. Because you still have to wait for 

the next trend because you can detect anything again.  

  

[SSE1]  Could you understand our discussion? 

  

[AUTHOR] Most of it I could. You asked [SSE2] if you could simulate the improvements and 

[SSE2] said that [SSE2] could but that it would take much time and that it was really 

about checking the actual improvements and monitoring right.  

  

[SSE1]  Well it's not stimulating but simulating the improvements. That would be really handy. 

If you could simulate data on a hypothesis you formulated and extrapolated a problem 

that would come in handy. But, we didn't see that function in process analytics yet. We 

concluded that in the improvement phase you have nearly real-time monitoring of your 

process. If you improve something you can see your results more rapidly than in a 

traditional way. 
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[AUTHOR] Okay. Well, the way that we see it is that the Process Mining is really acting on the facts 

and that when you would use a simulation that you would make a prediction and that's 

for us not really the same. 

  

[SSE1]  Okay.  

  

[AUTHOR] Okay, the last phase is the control phase. I think that process analytics, as we just 

discussed, really comes in handy there right? 

  

[SSE1]  It does. But, if you really have a good control phase. You as the process owner you're 

not looking back at what is actually happening but looking forward. I cannot see... So, 

it's part of the X and Y steering. Usually, in an organization, we have Y steering. You 

look back at what happened and see if you can improve. If you have a correct DMAIC 

cycle performed you actually have a prediction on something happening and you should 

steer on that. I don't know if process analytics can contribute to that. For example, I 

give you an example of a project where it's difficult to implement real X steering. At my 

former employer, company A, I reduced the credits to customers by 25% by training the 

call center employees in negotiation skills. To give them knowledge of what was a good 

amount of credits in that case. I implemented dashboards in which you can see the churn 

of call center people very rapidly. So, you have to continuously train people. So we made 

a dashboard for people coming in, doing basic training and negotiation skills and the 

practical knowledge on what amount. We made a dashboard so we could monitor all 

new employees going through the cycle of training. That was enough to have the level 

of credits reduced to 25% and keep it stable there instead of it going upwards and then 

seeing it going upwards and then reacting again and saying oh yes I've got new 

employees I have to train them again. Do I make sense or is it completely vague? 

  

[SSE2]  What does it have to do with the predicting part? 

  

[SSE1]  If you look at improvements you usually look back what happens in the process, because 

you want to do it fact-based. Take the lead time here and see what actually happens 

because we have so much lead time or waiting time. You're going to improve that and 

afterward you can look back and say that the waiting time has reduced. You can keep 

on looking back to see if it is stable and if the waiting time has been reduced. But you 

can also look at what you actually improved and to monitor that, to see if what you 

improved decreases again, you know you have to act right away. Because if your 

improvement decreases, your waiting time in that part of the process would add up 

again. 

  

[SSE2]  But that I think is part of process analytics as well right? Because it's not really 

predicting because you know what the problem is, it's the training of your employees. 

You have to continuously doing that. It's not a one-moment fix and then it will be forever 

okay, but you have to keep on doing that.  

  

[SSE1]  True. You have to keep on doing that. In my head, it triggers that perhaps because we 

have the goal to implement process analytics on the primary processes. But perhaps you 

should implement it on other processes as well to actually have a lookout for the 

problems you identified. That's a different approach to process analytics than we have 

at the company here. Have you already seen it [AUTHOR]? That process analytics is 

not only implemented in the primary process but also in the secondary processes in the 

organization. 

  

[AUTHOR] No, I haven't seen that. Perhaps [PMD1] has seen it? 

  

[PMD1] What do you exactly see as a secondary process?  
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[SSE1]  Yeah, for example, HR-processes or on the example that I gave the training of the call-

center employees. 

  

[PMD1] I think there are some. But not so many. Most of them are really the primary processes. 

But if you check, for example, purchase to pay. You can maybe already define it as a 

secondary process. Depending on what the business of your company is.  

  

[SSE1]  Yeah, true. 

  

[PMD1] Those we have done a lot. Most of them are for financial businesses. Then it is their 

primary process. But when it's not a financial business, for example, something like 

company B or company C, then it's more like a secondary process. If you see it like this, 

then we have done that, yes. 

  

[SSE1]  Because that would be imparted I think, to have a complete control phase with process 

analytics.  

  

[AUTHOR] Okay. Well, to wrap it up for this phase. It seems that process analytics, or Process 

Mining if you will, can be used throughout almost every phase of the DMAIC model. 

G8.5  GUIDELINE 

[AUTHOR] The aim of my thesis is to create a guideline so that Six Sigma professionals can 

successfully use Process Mining in their projects. I created an initial version of it and I 

want you guys to take a look at it. So, there is the main flow which goes through each 

phase of DMAIC and then there is a legend on the right side as indicated by the stars. 

  

[SSE1]  Okay. Can you talk us through it? 

  

[AUTHOR] Yeah, I will. So the idea is that you start with defining in the planning phase. You set 

up your project, you define your research goal, you compose a project team, stuff like 

that which you'd normally also do in your define phase. In order then to really find out 

your problem you can do some exploratory mining & analysis. For exploratory mining 

& analysis if you don't really have data extracted yet there is some need for data 

preparation. You can extract the data and in data processing, you can clean and filter 

your data. Then, when you've done those steps you can go to analysis in which you can 

do the Process Mining techniques process discovery, conformance checking, and 

enhancement. Enhancement here is placed within process analysis because I also want 

to include some of the more statistical methods that you'd traditionally use within Six 

Sigma. It's kind of a combination of the two. Then, when you found out a problem with 

the Process Mining techniques you can go back to planning and really finalize your 

planning. You'd move on to measure and do some final data preparation. Make sure that 

you got everything in the right place for the explanatory mining & analysis. In 

explanatory mining & analysis, you really dive deep into the data and use all techniques 

available to find root causes for the problems. If there is a need you can of course loop 

back to the data processing to further enrich your data based on business knowledge or 

such, or findings from the analysis. Then you are going to improve the process based on 

the improvement opportunities that you found. Finally, there is a monitoring & 

evaluation dashboard in which you can see if the improvements that you made really 

made sense and if they actually improved the process. So, that's how I would like to 

incorporate Process Mining within the phases of DMAIC. When you see a guideline 

like this, do you think that it would help Six Sigma professionals to use Process Mining 
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within the DMAIC model or do you think that they can do it without a guideline very 

well? 

  

[SSE1]  As a Lean Six Sigma professional I have to say the standard operating procedures are 

mandatory. So I cannot say that a guideline is obsolete. I concur with the guideline, I 

think it could be very handy for Lean Six Sigma professionals to combine Lean Six Sigma 

with Process Analytics. 

  

[SSE2]  When I look at it, to be honest, I don't really, maybe because I'm not a Lean Six Sigma 

professional, but it feels like just process analytics has a few steps and Lean Six Sigma 

has a few steps and now they are just in the same box. 

  

[SSE1]  I agree with you. Your explanation of what is actually your thoughts about setting up 

this model, you have to elaborate a little bit more on the model itself. Because the model 

itself just is the DMAIC model and some stars. But, the voice over you just gave us on 

which parts of the process analytics you'd use in which parts of the DMAIC model and 

how and why. It should be incorporated. 

  

[SSE2]  I think especially in the first step, where already more than one box is, the define. I think 

that's the most different, maybe a little bit measure as well. Those two are the main 

differences between the two techniques. The rest is more or less the same with a different 

name. 

  

[AUTHOR] Okay. I understand what you're saying. So, do you have an idea of how I should make 

it more clear? Where Process Mining really comes in? 

  

[SSE1]  If you go into an organization where Process Mining is not known yet... It depends on 

the situation I think. If you walk into an organization where they have adopted Six Sigma 

but not Process Mining your diagram would look completely different than from an 

organization where they use Process Mining but not have adopted Lean Six Sigma. Or, 

in an organization where they haven't had anything. So, from my standpoint, looking 

from being a Lean Six Sigma addict and wanting to incorporate process analytics within 

Six Sigma, your diagram should be based on the DMAIC principle as you said and then 

explain a little bit further on which part of the process analytics toolkit you could use in 

which phase. It should be elaborated a little bit more, but just exploratory mining & 

analysis is too condense for me. It should be elaborated. What actually are you going 

to do and how, what problem are you going to solve with process analytics apart from 

that. 

  

[SSE2]  And how is it different from what you're doing right now. 

  

[SSE1]  Yeah, exactly. 

  

[AUTHOR] What I wanted to do because the diagram should serve as a visual aid on seeing which 

steps you should use within each phase, it would, of course, have an explanatory text 

accompanying the guideline on which activities belong within each block. So, there I'd 

really try to explain you're doing exploratory mining & analysis, you don't really dive 

deep into the data but you might want to look at process discovery, at the structure of 

the process. Stuff like that. Would that make sense to you, or? 

  

[SSE1]  Yeah, actually it should be a bit of a really standard operating procedure which consists 

of visuals and explanatory text on the different components and why you should use 

what and where. So, if you combine this visual with your voice over of the model, but 

then in written text, it would definitely help. But, I also would like to see... In your 
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opinion, should Lean Six Sigma professionals be able to use process analytics tooling 

itself or do you need data analysts to actually help them with it? 

  

[AUTHOR] I think that Six Sigma professionals can also use the tool. And find out the improvement 

opportunities themselves.  

  

[SSE1]  I think that they could in the red stars, but in the data preparation, I think it's too far-

fetched for them. You really need data scientists and data analysts to do the data 

preparation correct. 

  

[AUTHOR] Yeah, that makes sense. So, there also should be a layer of the people involved in each 

step you'd say? 

  

[SSE1]  Yeah.  

  

[AUTHOR] Okay, that makes sense. Do you feel that there is any other information missing from a 

guideline like this? 

  

[SSE2]  Is the guideline specific to your company and their tool that you can incorporate into 

your business or is it really a guideline businesswise probably implementation? 

  

[AUTHOR] It's a little bit of both because I want it to serve as a general guideline for Six Sigma 

practitioners to use Process Mining. But it's also, of course, a little bit focused on the 

application of the company because we know what is possible in there. 

  

[SSE2]  If it is a more general one I'd say incorporate which tools you can use for example. But 

if it is also to sell the application of the company you can put the application everywhere 

so then it doesn't really matter. 

  

[AUTHOR] We also, of course, want to make some sort of tool support for it so that you can, for 

example, when you do exploratory mining & analysis in the define phase, that you are 

guided through the tool on how to use it for the exploratory mining. And that for data 

preparation that you see the right dashboards, the right fields for data preparation and 

such. Do you think that the guideline benefits from that as well? 

  

[SSE2]  It depends on who you're giving it to. Is it to someone who knows how to use the tool or 

how to do some analysis. He started out without a guideline so I do not think that it is 

necessary to have one. But it depends on who you're giving it to, it can really help to get 

some focus.  

  

[AUTHOR] Yeah, that makes sense. 

  

[SSE1]  Yeah. If you look at person A... 

  

[SSE2]  Yeah, then it might help you to know where to look. 

  

[SSE1]  Yeah, exactly. 

  

[AUTHOR] Okay. So, within the block analysis, there is a block process analysis. In that one, I'd 

like to incorporate some of the traditional Six Sigma techniques or statistical methods 

that you'd normally use that can very well be automated with BI or so. Which of the 

statistical methods that you'd formerly used would you like to see automated there? 

  

[SSE1]  Could you automate it there? 
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[AUTHOR] I think so. 

  

[SSE1]  It depends on widespread process analytics is actually included in the organization. 

Actually, I do not see a general guideline if you could automate things. Ideally, if all 

your process data is in a database or something and all processes are paired in process 

analytics to explore and analyze you should have your hypothesis tests and you could 

have them implemented in your process analytics tooling of course. But, that would 

require from the organization to have every process and all process data in process 

analytics. That would be the ideal situation but I don't know if that is feasible for a lot 

of organizations. If you look at our organization we'd never get to complete and 100% 

rollout of process analytics in the organization. As well for primary and secondary 

processes. So you always need to be able to extract relevant data from process analytics 

and do your hypothesis testing still in Minitab or something.  

  

[AUTHOR] Okay. So, it would be more valuable to be able to extract the data so you can do the rest 

manually? 

  

[SSE1]  In an ideal situation, process analytics would take care of that. In an ideal situation, 

you have process analytics that is so smart that it can actually correlate problems itself 

to see if there are relevant problems or not and what the correlation actually is. But 

we're not there yet.  

  

[AUTHOR] Yeah. Okay, I understand. So, there are quite some improvements that can be made on 

the initial version of the guideline. 

  

[SSE1]  Sorry, I'd like to ask a question to [SSE2]. For example, if you look at a primary process, 

for example, 'Example A'  which is now completely in process analytics in their 

application. So, you can see the lead time, waiting time, and all the iterations in the 

process. If you could combine that with call center data, actually what company D tried 

to do. Do you think that it would be possible to correlate the data on a structural basis 

to see if your calls influence your primary process? And actually, have you correlations 

and hypothesis testing already in place in process analytics? Could that be done? 

  

[SSE2]  I think the difference is and I think that's also one of the difficulties within this company 

is that process analytics for me is a way of looking at your processes and a way of doing 

your business. Process analytics for me is not their company or application. That is a 

tool to help us do that. So, yes I think you can combine all kinds of data to do process 

analytics. So you can combine your call center data. But I don't think we're able to put 

it in the tool in a way that it is visible and useful for anyone. But, you can use it if you 

want to build a model and if you want to predict something you can always do that 

because you have all the data. But for me, it is process analytics but not their company 

or application.  

  

[SSE1]  Okay, we're on the same page here I think. 

  

[AUTHOR] So, are there any other things that I haven't thought about in combining Process Mining 

for Six Sigma, for DMAIC. 

  

[SSE1]  No, but I'd like to get back to the control phase. Your monitoring and evaluation part. 

If you're able to monitor your process with process analytics that's great. But still, that's 

looking back. If you could, please have a thought on how you could look forward to your 

X's using the process analytics as well instead of just focusing on the Y.  

  

[AUTHOR] So, what I perhaps forgot to mention is that when you would loop the DMAIC model, 

so when you're in the control phase you're already monitoring the same measurements 
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as you have defined in measure earlier. So, when you would reiterate and find a new 

problem in the control phase the steps within define and the steps within measure would 

be less time-dependent than they were in the initial cycle. 

  

[SSE1]  Oh, yes I agree with you. But in your measurements, you define your Y. In the analysis 

phase, you get to your X's. In your control phase, you want to turn the operational 

management's attention from Y steering to X steering. I do not see how process analytics 

could help with that at the moment.   

  

[AUTHOR] Yeah. I agree. I'll give that some thought. 

  

[SSE1]  Yes, please. 

G8.6  CLOSING 

[AUTHOR] Okay, then we're coming to the closing of the interview. Are there any questions that 

you expected me to ask you today that I didn't ask you yet? 

  

[SSE1]  No. 

  

[SSE2]  No. 

  

[SSE1]  I have one. You haven't asked me if I'd like to receive a copy of your thesis once it is 

finished. 

  

[AUTHOR] Aah, that's actually my next question. 

  

[SSE1]  Ooh okay, yes, please. 

  

[AUTHOR] So, you'd like to be kept informed on the progress of the thesis and the guideline right?  

  

[SSE1]  Please. 

  

[SSE2]  Yeah. 

  

[AUTHOR] Can I also ask you for advice later if the thesis is not finished but I need your guys' 

advice? 

  

[SSE1]  Yeah, sure. Because I like your thesis probably. 

  

[AUTHOR] Then I've got the hideous task of transcribing the interview. I have to type out the 

interview word for word. 

  

[SSE1]  Really? There are very good toolsets doing a part of the job for you. 

  

[AUTHOR] Is that true? I haven't found any.  

  

[SSE1]  No? Google has some very good transcription tools, Amazon as well. 

  

[AUTHOR] Well. I'll look into that. Maybe it's not such a tedious task then. 

  

[SSE1]  Microsoft as well. 

  

[AUTHOR] Really? But can they like type out my voice? 
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[SSE1]  Yeah. Probably the voice quality of this conversation is too bad and my English is too 

bad as well but you can give it a try. 

  

[AUTHOR] Okay. To go back to the question. Can I send you guys the transcript so you can verify 

the content so I can use it in the thesis? 

  

[SSE1]  Yeah sure. We'll verify it. We will probably not read it thought completely but we will 

verify it. 

  

[AUTHOR] That's fine, that's fine. I need it verified I don't need it completely read. 

  

[SSE1]  Okay. 

  

[AUTHOR] Okay. Then I'd like to thank you both very much for your time and your effort. 

  

[SSE1]  Okay. Good luck.  

  

[SSE2]  Okay. Thank you, good luck. 
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  INTERVIEW 9 – PROCESS MINING SALES 2 – 01-05-2018 

G9.1  GENERAL INFORMATION 

Table G-9: General information for interview 9 

Date 01-05-2018 

Length of the interview 00:26:43 

Name of interviewee [PMS2] 

Experience - 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn a Process Mining salesperson would use Process Mining in the DMAIC model 

G9.2  INTRODUCTION 

[AUTHOR] De eerste vraag die ik je graag wil stellen is of je bekend bent met Process Mining en 

de technieken. 

  

[PMS2]  Met Process Mining en de technieken ben ik bekend. 

  

[AUTHOR] Oké. Dus als ik het heb over process discovery, conformance checking, en enhancement 

dan weet je ook wat ik bedoel? 

  

[PMS2]  Ja. Je moet daar eigenlijk nog even monitoring aan toevoegen. 

  

[AUTHOR] Monitoring aan toevoegen. Dat is in jouw ogen een aparte categorie? 

  

[PMS2] Nou, niet alleen in mijn ogen. Dat is ook wat Gartner zegt hè. Gartner zegt de 

traditionele zijn de drie die jij net noemde. Wat je steeds meer ziet is het monitoring, het 

real-time in de gaten houden van wat er gebeurd. Dus of de verbeteringen die je 

doorvoert ook het gewenste effect hebben dat is eigenlijk een capability die toegevoegd 

wordt.  

  

[AUTHOR] Oké. Dat had ik nog niet gelezen. Mooi. Dan is dat in ieder geval goed. Ben je ook 

bekend met Six Sigma, of dat wat minder? 

  

[PMS2]  Ik weet natuurlijk wel de grote lijnen, maar daar weet ik niet zo heel erg veel van. 

  

[AUTHOR] Nou, de grote lijnen zijn eigenlijk genoeg. Want wat ik graag wil dat je weet voor dit 

interview is dat het een management strategie is die inzet op het verbeteren van 

processen zodat je minder dan 3.4 defecten hebt per miljoen cases die je doet. Dus het 

is eigenlijk een verbeter methodologie. Mensen die Six Sigma beoefenen gebruiken het 

DMAIC model. Ben je bekend met het DMAIC model? 

  

[PMS2]  Ja. 

  

[AUTHOR] Dat staat inderdaad voor Define, Measure, Analyze, Improve en Control. Ik heb een 

diagram, die is wel in het Engels, die krijg je nu op je scherm te zien als het goed is. 

    

[PMS2]  Ja. 

  

[AUTHOR] Oké. Zullen we er even doorheen lopen? 



G-78                                                            Bridging the Gap Between Process Mining and Six Sigma   

 

  

[PMS2]  Is goed.  

  

[AUTHOR] Oké. Define staat voor de define fase natuurlijk. Daarin besluit je eigenlijk wat je 

probleem is, wat je research goal wordt, praat je met klanten om requirements te krijgen 

en je stelt een projectteam samen. Als je dan eigenlijk besloten hebt wat je uiteindelijk 

wil gaan doen ga je naar de measure fase. In measure kijk je eigenlijk hoe je proces het 

op dit moment doet. Als je dan kijkt naar de geschiedenis naar hoe quality management 

eigenlijk ontstaan is, is dat je ziet dat ze vroeger stopwatches nodig hadden in de 

fabriekshallen om te timen hoe lang een bepaalde activiteit duurt. Dat is eigenlijk iets 

wat nu verder geautomatiseerd is, waar je niet meer echt die stopwatch voor nodig hebt. 

Je hoeft niet meer handmatig dingen te tellen. Dat is eigenlijk waarom er een measure 

fase is. In de analyze fase ga je echt kijken naar de data die je hebt. Daar ga je dus kijken 

of er verbeter mogelijkheden zijn, of je ergens op kunt verbeteren. Je gaat zoeken naar 

de oorzaken van je probleem. In de improve fase ga je kijken of je kunt handelen op de 

verbeter mogelijkheden. Die ga je ergens implementeren. Dan in control, een stukje 

monitoring zoals je zei wat heel belangrijk is, ga je kijken of je verbeteringen eigenlijk 

zin hebben en of ze gewerkt hebben. 

G9.3  GENERAL 

[AUTHOR] Dit is eigenlijk zoals Six Sigma professionals een verbeterproject aanpakken. Hoe pak 

jij een verbeterproject aan met de hulp van Process Mining? 

  

[PMS2] Nouja, ik zit meer aan de sales kant. Aan het uitvoeren daarvan hebben we mensen zoals 

[PMD1] vooral voor nodig. Wat ik probeer als ik in het sales proces zit bij de klant, dan 

probeer ik met name deze strategie uit te leggen en samen met de klant te komen... Ik 

kom net uit gesprek met een potentiele partner en dan zie je dat het al heel lastig is om 

gewoon een probleem te definiëren. Process Mining wordt momenteel vaak als een soort 

tovermiddel gezien. Het is een methode om iets te visualiseren. Als jij geen probleem 

hebt dan gaat Process Mining niets opleveren. Het definiëren van het probleem, dat is 

vaak al een interessante stap om met een potentiële klant te bespreken. Als die er is dan 

kun je gaan kijken op basis van data wat we kunnen meten, wat we kunnen analyseren 

en hoe dan vervolgens die cyclus eruit komt te zien. 

  

[AUTHOR] Dus als je het als sales zijnde aan de klant uitlegt probeer je eigenlijk al een soort van 

zelfde structuur aan te houden als wat je hier op het scherm ziet? 

  

[PMS2] Absoluut. Absoluut. Met name ook, ik zei het net niet voor niets, met name ook dat 

control stuk. Ja ik denk dat wij onderschatten dat wij ons daar, ten opzichte van met 

name onze concurrenten, enorm in differentiëren.  

  

[AUTHOR] Oké. Je zegt dat je jezelf differentieert ten opzichte van je concurrenten. Op welke 

manier is dat dan? 

  

[PMS2] Nou. Wij hebben omdat wij dat BI platform als onderliggende laag hebben in onze 

tooling, kunnen wij inderdaad monitoren wat er gebeurd. Dus ook of verbeteringen het 

gewenste effect hebben. Daarin kunnen we vergelijkingen maken. Als je kijkt naar de 

traditionele Process Mining pakketten, die dus inderdaad gaan om die eerste drie, 

discovery, enhancement, en conformance checking. Die hebben dat monitoring stuk 

niet, dus die kunnen die controle eigenlijk niet uitvoeren. Dat is wat wij wel degelijk 

kunnen, waar wij ons dus ook in onderscheiden.  
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[AUTHOR] Oké. 

  

[PMS2]  Althans, dat is wat ik altijd vertel. 

  

[AUTHOR] Nou goed, hetgeen wat ik gezien heb ben ik het daar ook wel redelijk mee eens. Dus dat 

is op zich wel goed. 

  

[PMS2] Je zou het nog om kunnen draaien hè. Zou je dit model ook op bijvoorbeeld Disco toe 

kunnen passen? 

  

[AUTHOR] Ja, alleen dan ben je veel meer handmatig bezig. 

  

[PMS2] Dat bedoel ik. Oké. Ik vind dat dus daadwerkelijk echt een onderscheidend stuk. Wij 

coveren al deze vijf stappen hè. Dat kun je met de applicatie voor elkaar krijgen.  

  

[AUTHOR] Ja. Ik denk als je kijkt naar Disco, dat die puur en alleen in de bovenste drie zit. En ik 

denk dat de toegevoegde waarde van het Bedrijf inderdaad komt bij improve en control. 

  

[PMS2]  Daar ben ik van overtuigd. Ja. 

  

[AUTHOR] Dat is mooi.  

  

[PMS2] Overigens is dit trouwens wel de aanpak die wij hanteren. Daar weet [PMD1] trouwens 

veel meer van, dat doet hij samen met [PMC2] onder andere. Daarin ondersteunen wij 

eigenlijk ook die verbetercyclus. Dat is eigenlijk wat je hier ook ziet. Daar wordt hij in 

feite heel concreet gemaakt. 

  

[AUTHOR] Ja. Maar wat voor mij nog vrij onduidelijk is is hoe je daadwerkelijk verbeterd met 

behulp van de tool, met Process Mining. Want ik begrijp dat er verbeterpunten zichtbaar 

worden met behulp van Process Mining, maar hoe kun je daadwerkelijk implementeren? 

  

[PMS2] Dat is een hele goede. Je raakt hier wel een van de kwetsbare onderdelen volgens mij 

waar wij in de praktijk tegenaan lopen. Als je kijkt naar analyze, daar staat examine the 

process, visually display the data en find the improvement opportunities. Wat mij betreft 

behoort dat altijd gerelateerd te zijn aan datgene wat je in de eerste stap gedefinieerd 

hebt. Dat moet er wat mij betreft wel heel nadrukkelijk bij staan. Wij kunnen vervolgens 

op basis van de analyse zeggen van wil je dit probleem oplossen dan liggen hier de 

oorzaken. Wat wij als bedrijf niet doen en daar zijn we ook niet in gespecialiseerd, dat 

is daadwerkelijk de verbeteringen gaan uitvoeren. Dat is eigenlijk weer een vak apart. 

Dat is niet iets wat je met tooling doet, dat is iets wat je met mensen doet. Op basis van 

je analyse moet je dingen in de praktijk gaan veranderen. Dat is trouwens ook de reden 

waarom ik vind dat we onze projecten zo veel mogelijk met partners moeten doen. 

Partners kunnen dus gespecialiseerd zijn in een bepaald domein, waar je je op dat 

moment bevind. Die weten hoe de praktijk werkt, die weten hoe je business processen 

verlopen maar die ook weten hoe je bepaalde verbeteringen door moet voeren. Dat is 

eigenlijk een hele andere expertise die wij niet zomaar meeleveren. Daar zijn wij niet in 

gespecialiseerd. 

  

[AUTHOR] In de define fase stel je een projectteam samen. Dan zeg jij van, oké dan moeten er 

mensen bij zitten van ons bedrijf die inderdaad de applicatie kunnen gebruiken, die die 

verbetermogelijkheden kunnen laten zien. Maar er moeten ook mensen bij zitten van de 

business kant die daadwerkelijk die verbeteringen uit kunnen voeren. 
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[PMS2] Ja. Nou, 100%. Anders is het kansloos. En niet alleen vanuit de business kant. Je hebt 

dus inderdaad mensen nodig die het gewoon weten van waar het in de praktijk over 

gaat. We praten over business en die moeten dus de business kennen. Je hebt ook mensen 

nodig die een organisatie mee aan de hand kan nemen om veranderingen door te voeren. 

Wat wij in de praktijk wel zien is dat we heel goed in staat zijn om bij klanten bottlenecks 

te detecteren en pijnpunten bloot te leggen. De stap om dan daar vervolgens mee aan 

de gang te gaan, dat is een lastige. Dat is nou net iets waar je ons bedrijf niet voor gaat 

benaderen. Daar heb je andere partijen voor nodig. Ofwel interne partijen, of je moet 

gebruik maken van andere consultancy partijen. Verandermanagement is een vak apart, 

net zo goed als dat Process Mining dat ook is. 

  

[AUTHOR] Ja, helder. 

  

[PMS2] Het is heel belangrijk dat wij ons niet positioneren als zijnde een verander management 

organisatie. Dat zijn wij niet. Wij proberen diensten te leveren op basis waarvan je zou 

kunnen veranderen. Het daadwerkelijk uitvoeren daarvan, dat is niet wie wij zijn. 

  

[AUTHOR] Oké, helder. Dus de applicatie komt echt heel erg naar voren in define, measure, analyze. 

En dan later, nadat er verbeterd is, weer in control. 

  

[PMS2]  Absoluut. Absoluut. 

G9.4  GUIDELINE 

[AUTHOR] Oké, helder. Het doel van mijn thesis is om een handleiding te maken voor Six Sigma 

professionals die ze kunnen gebruiken om te kijken waar en wanneer in hun project ze 

Process Mining kunnen gebruiken. 

  

[PMS2]  Oké, cool. 

  

[AUTHOR] Daar heb ik een initiële versie van gemaakt en die wil ik graag laten zien. Zoals je ziet 

heeft het dezelfde structuur als het diagram van daarstraks zodat je het eventueel naast 

elkaar kan leggen. De rode en blauwe ster geven aan dat je dat blok in de rechter kant 

kan vinden in de legenda. Dat gaat eigenlijk over Process Mining. Dan de flow gaat 

eigenlijk over het DMAIC model. Ik kan er even snel doorheen lopen als je wilt. 

  

[PMS2]  Ja, ja. 

  

[AUTHOR] Oké het begint eigenlijk in planning. De stappen van define zoals we net zeiden. Dus je 

besluit welk probleem je wilt tackelen, de goal van je hele DMAIC chain eigenlijk. Je 

stelt ook een projectteam samen. Om dat goed te kunnen doen wil je misschien een 

eerste kijk naar je model doen. Je wilt graag al process discovery gebruiken bijvoorbeeld 

om je model te zien, om te kijken of je al ergens gekke paden ziet, weet ik veel. Dus 

daar heb je een stukje exploratory mining voor. Om überhaupt naar je data te kunnen 

kijken zal je hem eerst moeten extracten van je informatie systemen. Je wilt misschien 

wat preprocessing doen. Filteren, verrijken van je data, het schoonmaken van je data, 

dat doe je in het blokje data preparation. Dan kun je daarna de analyze technieken 

gebruiken. Waar we het dus over gehad hebben gewoon de Process Mining technieken 

om een eerste kijkje te nemen naar de data die je hebt. Vervolgens kun je je planning 

eigenlijk afronden want je hebt een probleem dat je wilt gaan tackelen. De measure fase 

is in mijn ogen dan de data preparation, hoe jij de data verzameld en hoe dat je proces 

het op het moment eigenlijk doet. In analyze ga je echt diep kijken in je data. Je gebruikt 

de applicatie om echt te kijken naar de oorzaak van je probleem. Het stukje process 

improvement dat gebeurd dan eigenlijk niet binnen Process Mining maar echt aan de 

business kant. Dan in control komen eigenlijk de Process Mining technieken weer terug. 
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Je hebt je monitoring en evaluatie dashboards binnen de tool die je daar kunt gebruiken. 

Op deze manier wil ik eigenlijk inzichtelijk maken waar Process Mining eigenlijk van 

pas komt binnen het DMAIC model. Als je zoals als deze handleiding ziet, denk je dan 

dat het handig is voor Six Sigma professionals of denk je dat ze ook wel weten hoe ze 

Process Mining kunnen gebruiken zonder zo'n soort handleiding? 

  

[PMS2] Daar moet ik even over nadenken. Ik denk dat het sowieso wel handig is, je schrijft het 

wel heel nadrukkelijk uit hier en je laat nadrukkelijk zien van... Nu is Process Mining 

vaak nog een buzz-word hè. Hiermee maak je heel erg duidelijk van waar in zo'n cyclus 

Process Mining gebruikt kan worden. Wat ik mogelijk zelf nog wat nadrukkelijker zou 

toevoegen is dat het wel gerelateerd moet zijn iedere keer aan een bepaalde doelstelling, 

aan een bepaalde probleemstelling. Ik zie wel define staan hè maar volgens mij lopen 

we regelmatig het risico dat we gewoon een dataset krijgen en laten we maar een beetje 

gaan kijken in die dataset wat we eruit halen. Daar geloof ik dus 100% niet in. Op het 

moment dat je geen probleemstelling hebt, op het moment dat je geen doelstelling hebt 

gedefinieerd, dan gaat een bedrijf niet investeren in Process Mining en ook niet in zo'n 

verbetercyclus. Er moet wel een duidelijk probleemstelling zijn, je moet het ergens aan 

op kunnen hangen. Ik denk dat dat ontzettend belangrijk is. Dat zijn dan ook meteen je 

criteria op basis waarvan je kunt bepalen van nou in mijn analyse los ik nu het probleem 

op wat ik gedefinieerd heb. Heb ik wel voldoende data om dat bijvoorbeeld op te kunnen 

lossen, is het wel beschikbaar, zijn er geen handmatige acties gedaan waardoor ik 

onvoldoende inzicht heb? Ik bedoel, als je het kunt relateren aan je probleemstelling 

dan denk ik dat het kan werken. Als je dat niet doet of onvolledig doet dan is het wat mij 

betreft gedoemd te mislukken. 

  

[AUTHOR] Dat vind ik wel leuk dat je dat zegt want [PMC1] die had exact hetzelfde inzicht.  

  

[PMS2]  Oh, shit. 

  

[AUTHOR] Op zich is dat wel goed natuurlijk. Roel was er heel stellig van overtuigd dat je moet 

starten met planning. Dus eerst zo'n probleemstelling opstellen en dan pas gaan kijken 

naar je data. 

  

[PMS2] Je kunt ook verder gaan hè. Op het moment dat je zegt van onderdeel van de planning 

wat mij betreft is wat zijn nou eigenlijk de succescriteria. Dus als je een 

probleemstelling hebt, wanneer ben je nou uiteindelijk tevreden. Als je dat van tevoren 

niet weet. Je wilt een bepaald probleem oplossen en wanneer vind je dat het probleem 

is opgelost. Vooraf moet dat helder zijn. Dan kun je namelijk heel specifiek meten, 

analyseren, verbeteren en vervolgens weer in de gaten houden. Dan weet je ook wat je 

in de gaten moet houden. 

  

[AUTHOR] Ja, helder. Om nog even een goede beeldvorming te krijgen. Kun jij zo een voorbeeld 

geven van een probleemstelling hoe die er idealiter uitziet?  

  

[PMS2] Ja we kunnen wel wat voorbeelden geven. Bij bedrijf A bijvoorbeeld was het idee van 

we willen de controls die gedefinieerd zijn die willen we gevisualiseerd terug kunnen 

krijgen. Dus de resultaten van die controls die wil ik gevisualiseerd hebben. Dat is een 

hele concrete. Het probleem wat ze daar hadden was we hebben eigenlijk onvoldoende 

controle op de controls. De controls zijn wel gedefinieerd en daar wordt wel iets van 

gevonden maar dat gebeurd allemaal handmatig. We hebben daar niet zo'n goed beeld 

van. Vervolgens krijgen we een externe audit en die gaat dan bepalen hoe wij... Die 

kunnen ons eigenlijk confronteren met verrassingen en dat vinden we vervelend. We 

willen eigenlijk vooraf al weten wat de resultaten van die controls zijn. Nou, dat kun je 

meten, dat kun je in de gaten houden. 
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[AUTHOR] Ja precies. Daar komt het stukje monitoring waarvan je zegt dat het zo belangrijk is ook 

weer terug.  

  

[PMS2] Ja, ja. Een andere bijvoorbeeld is bij bedrijf B of bedrijf C. Die betalen een bepaald 

bedrag per telefoontje dat als het ware afgehandeld wordt door een call center. Het 

probleem was eigenlijk dat de kosten daar te hoog opliepen. Als wij het aantal 

telefoontjes kunnen verminderen door, telefoontjes die bijvoorbeeld verkeerd 

doorverbonden worden of die niet bedoelt zijn of die via de website afgehandeld kunnen 

worden. Hoe meer telefoontjes op een andere manier afgehandeld kunnen worden, hoe 

meer kosten we kunnen besparen.  

  

[AUTHOR] Ja. Oké, helder. Denk je dat er verder nog iets mist van zo'n handleiding als je het zo 

ziet? Heb je zoiets van dat zou ik nog toevoegen? 

  

[PMS2] Nouja uiteindelijk het pijltje na control gaat naar beneden maar die komt boven weer 

terug he? Het is een cyclus hè? 

  

[AUTHOR] Ja, correct. Het is een cyclus ja. In die cyclus, de tweede iteratie die je ervan doet die is 

waarschijnlijk al veel korter omdat je al veel minder lang bezig bent met de stappen in 

define en in measure. 

  

[PMS2] Ja.  

  

[AUTHOR] Omdat je van control al gelijk terug gelooped wordt.  

  

[PMS2]  Ja, klopt. 

  

[AUTHOR] Op die manier versnel je iedere keer eigenlijk je iteratie. Wat er eigenlijk nog bij hoort 

wat ik niet kan laten zien in het interview is natuurlijk een geschreven handleiding hoe 

je de stappen binnen dit visuele model kan doorlopen. Dus binnen planning de stappen 

die je daar moet doen en binnen exploratory mining de stappen die je daar moet doen. 

Dus dat komt er dus eigenlijk nog bij. En we willen graag een Six Sigma professional 

een beetje door de applicatie heen leiden zodat ze de juiste technieken in de juiste fases 

kunnen gebruiken. 

  

[PMS2]  Waar denk je dan aan? 

  

[AUTHOR] Bijvoorbeeld voor exploratory mining dat ze daar eigenlijk alleen nog maar naar het 

model kunnen kijken en nog niet zo ver op de data in kunnen gaan. 

  

[PMS2]  Waarom niet? 

  

[AUTHOR] Dat is met de gedachtegang dat je op het moment dat je teveel ziet dat je heel erg 

overdondert bent door alle functionaliteit die je hebt. Omdat je zo gigantisch veel 

inzichten kan krijgen en dat misschien nog helemaal niet interessant is in bijvoorbeeld 

de define fase. 

    

[PMS2] Oké. Maar ik kan me juist voorstellen dat je in de define fase juist wel al heel specifiek 

wilt kijken of je in de data de antwoorden ziet voor je probleemstelling. 

  

[AUTHOR] Ja. 

  

[PMS2] Anders ga je er een beetje globaal naar kijken en dan ga je meten terwijl je misschien 

het probleem wel nooit op kan lossen omdat je niet alle data hebt. Of omdat de data niet 

het antwoord geeft op je vraag. 
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[AUTHOR] Nee, daar zit wel iets in. Dus als ik het jou zou vragen dan zou je zeggen dat de applicatie 

in zijn geheel bruikbaar is in alle fases?  

  

[PMS2]  Met uitzondering van improve toch, daar waren we het toch over eens? 

  

[AUTHOR] Ja, oké. Met uitzondering van improve. 

  

[PMS2] De kunst is denk ik wel, dat zou volgens mij een onderdeel van jouw onderzoek kunnen 

zijn. Juist wel in de verschillende fases bedenkt welke capabilities van de applicatie in 

dit geval toepasbaar zijn. Ik kan me voorstellen dat de monitoring functionaliteit in de 

define fase is niet echt heel erg interessant. 

  

[AUTHOR] Nee, precies. 

  

[PMS2] Ik kan me wel weer voorstellen dat in de control fase, dat tagging daar weer heel erg 

interessant kan zijn. 

  

[AUTHOR] Ja. 

  

[PMS2] Als je op die manier... Dat zou namelijk ons ook kunnen helpen zit ik me nu te bedenken 

om aan onze potentiële klanten duidelijk te kunnen maken waarom die functionaliteit 

eigenlijk bestaat. Trouwens, dat geld ook voor product ontwikkeling. Op het moment 

dat jij nieuwe functionaliteit niet kunt hangen aan een van deze stappen - ik weet niet of 

het waar is wat ik nu zeg hoor, ik zit hardop te denken - als je het niet kunt toepassen in 

een van deze stappen dan moet je je afvragen of je het wel moet toevoegen aan het 

platform.  

  

[AUTHOR] Ja, ja, precies. Helemaal mee eens. Ik wil ze ook niet in die zin beperken dat ze helemaal 

niets meer kunnen maar het is meer dat je ze leidt door de tooling heen. Welke 

dashboards, welke technieken je in welke fase het beste kunt gebruiken. 

  

[PMS2]  Ga je het ook nog vergelijken met andere management technieken? 

  

[AUTHOR] Nee, dat is voor mij geen onderdeel van mijn thesis. 

  

[PMS2] Dat zou ik op zich nog wel interessant vinden. Dit is een strategie en zo zijn er natuurlijk 

nog wel meer te verzinnen. Volgens mij komen ze in grote lijnen wel allemaal op 

hetzelfde neer hoor. 

  

[AUTHOR] Ja, dat denk ik ook. Want waar je hier inderdaad de DMAIC cycle hebt, heb je in andere 

management strategieën Plan, Do, Check, Act bijvoorbeeld. 

  

[PMS2]  Precies, precies. 

  

[AUTHOR] Dat is zo'n zelfde soort strategie.  

  

[PMS2]  En waarom kies jij voor Six Sigma? 

  

[AUTHOR] Omdat het een heel veel gebruikte management strategie is en dat is eigenlijk de enige 

reden moet ik heel eerlijk zeggen.  

  

[PMS2]  Oké. Goede reden. 
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G9.5  CLOSING 

[AUTHOR] Oké. We zullen langzaam gaan afronden. Ik denk eigenlijk dat ik de meeste aspecten 

van de combinatie van Process Mining en het DMAIC model wel gecoverd hebt. Ben 

jij het daar mee eens of denk je van hier heb je eigenlijk niet aan gedacht? 

  

[PMS2] Nee. Wat je zegt. Volgens mij hebben we het meeste wel besproken. Ik ben heel benieuwd 

naar wat je bevindingen gaan worden. Als ik daarin mee moet lezen, of mee moet 

denken, weet ik veel, daar ben ik altijd toe bereid. 

  

[AUTHOR] Oké. Heel fijn. Dus als het later nodig is dan kan ik jou altijd contacteren? 

  

[PMS2]  Altijd. 

  

[AUTHOR] Zijn er nog andere vragen waarvan je verwacht had dat ik ze vandaag aan je zou stellen 

maar die ik niet gesteld heb?  

  

[PMS2]  Nee. 

  

[AUTHOR] Mooi. Ik denk dat ik het antwoord al weet maar wil je graag op de hoogte gehouden 

worden van mijn vorderingen in de thesis en de handleiding? 

  

[PMS2] Absoluut. Niet alleen omdat ik dat erg interessant vind maar omdat ik ook echt denk dat 

het ons in de praktijk ook echt gaat helpen. 

  

[AUTHOR] Super. Oké, leuk. 

  

[PMS2] Het vraagt een bepaalde manier van denken en ik denk dat het goed is om dat mee te 

nemen en te vertalen naar in dit geval bijvoorbeeld sales. 

  

[AUTHOR] Ja, oké, helder. Dan heb ik de taak om het interview netjes uit te werken en op te 

schrijven. Mag ik dat nog naar jou toesturen zodat je de inhoud kan valideren dat het in 

ieder geval klopt wat er staat en dat ik niets heb verzonnen? 

  

[PMS2]  Ja, dat is prima. 

  

[AUTHOR] Oké, super. Dan gaan we heb afsluiten en mag jij mooi gaan rijden.  

  

[PMS2]  Ik ga rijden, precies. Succes hè. 

  

[AUTHOR] Hartstikke bedankt hè. 

  

[PMS2]  Oké. Hoi. 

  



Bridging the Gap Between Process Mining and Six Sigma  G-85  

 

  INTERVIEW 10 – PROCESS MINING C-LEVEL 2 – 01-05-2018 

G10.1  GENERAL INFORMATION 

Table G-10: General information for interview 10 

Date 01-05-2018 

Length of the interview 00:31:54 

Name of interviewee [PMC2] 

Experience 10 years with Process Mining, heard from Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD2] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn how a Process Mining C-level would use Process Mining in the DMAIC model 

G10.2  INTRODUCTION 

[AUTHOR] So, the first question that I wanted to ask you is if you're familiar with Process Mining. 

  

[PMC2] A little bit. 

  

[AUTHOR] A little bit. Okay, can you tell me where you get your knowledge from? 

  

[PMC2] The last eleven years or so. 

  

[AUTHOR] The last eleven years?  

  

[PMC2] Yeah. 

  

[AUTHOR] Well. You haven't been working at the company for eleven years right? What did you 

do before? 

    

[PMC2] Company B, before Company C which was the first company that brought Process 

Mining commercially to the outside world with the first tool. Which was created by 

Person A which was a student of Wil van der Aalst. He had his own company, Company 

D. We bought that company and merged that software together with our software. So, 

I'm pretty familiar with Process Mining. 

  

[AUTHOR] I understand. So, when I talk about process discovery, conformance checking, and 

enhancement that's all very familiar? 

  

[PMC2] Sure. 

  

[AUTHOR] Are you also familiar with Six Sigma? 

  

[PMC2] A little bit. Not too much. I know the theory about it: based on facts and whatever. 

  

[AUTHOR] Then you probably know enough about Six Sigma. 

  

[PMC2] Okay. 

  

[AUTHOR] I don't really want to go into the details of it. 

  

[PMC2] I don't have a black-belt let me put it that way. 
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[AUTHOR] No, okay. But if you know a little bit about Six Sigma that is completely fine. So, you 

probably also know the DMAIC model that they use within Six Sigma. I made a diagram 

of it for if you get stuck. Do you want me to go through it real quick or is it fine? 

  

[PMC2] No, that's fine. 

  

[AUTHOR] It's fine, okay great. 

G10.3  GENERAL 

[AUTHOR] So DMAIC is a system that Six Sigma practitioners use to improve a process. When 

you think of how you'd do a typical Process Mining project. How would then a process 

improvement project look like? 

  

[PMC2] Well, a little bit the same. You define the goals that you want to achieve with the 

company, so the business problems. Of course, you want to make sure that those 

problems really occur so you measure.  You analyze the process in such a way or 

discover, however you call it. To see where your problems are, bottlenecks, 

inefficiencies, etc. Then you'll try to improve them, to implement the improvement in the 

organization and then monitor if those implementations had the success that you 

expected. Then go back to your definition.  

  

[AUTHOR] Okay, so you follow all phases? 

  

[PMC2] Yeah. I'm not sure if I really have all those steps there but I think that most of it are 

more or less the steps that we do as well.  

  

[AUTHOR] Where I think that it would differ is, for example, actually improving the model. 

  

[PMC2] Yeah. So, we never improve the model ourselves. That's not what we do. We always need 

the people on the customer side. We try to steer them from the beginning of the project 

that if you do a Process Mining project it is very important upfront to know that if you 

get results that you need to improve them. Otherwise, they don't have any value. So, if 

you have a problem in the process and you know when you need to dedicate resources 

or politically make sure that if you find issues that you have the proper people that 

support you to improve those process steps. 

  

[AUTHOR] So, when you think of the define step where you compose a project team, it's important 

that you have the right people there? That you also have people that can or are allowed 

to improve the process. 

  

[PMC2] Yes. Yeah.  We have a whole approach for that in our delivery team. So, which 

stakeholders need to be on the table. Then we have the kick-off. In the kick-off, you need 

to have somebody experienced with the data, the process owner, someone that has the 

authority to make the decision, project manager, consultant, etc. Those kinds of things. 

  

[AUTHOR] And when you think of a classical Six Sigma project. Do the people that are needed 

there differ from the people in a Process Mining project? 

  

[PMC2] I wouldn't know because I don't know Six Sigma good enough for that. 

  

[AUTHOR] Fair enough. 
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[PMC2] I don't know which people they'd typically use with a Six Sigma project. 

  

[AUTHOR] Me neither. But I thought maybe you've got an understanding of it. 

  

[PMC2] No, no. 

  

[AUTHOR] And if you were to map specific parts of the tool or specific Process Mining techniques 

to each phase. Could you give me an example of which ones, or how you should use the 

application? 

  

[PMC2] Yes. Defining we don't really do with the tool. You do it on paper. What is your feeling 

what in the organization the problem is, or what do you want to achieve or is there 

resourcing, budget cut, whatsoever? That's more about the definition of the problem. 

Then measuring, we sometimes switch analyzing and measuring. Because sometimes we 

analyze first and then we measure. Because if you define a problem you do not know 

where that problem comes from directly. Then if you have the process model loaded in 

and you have the data loaded into your system, it's much easier to spot where there are 

problem areas to define. Then you can pinpoint them. If you then look at the tool, of 

course, the first beginning of the project is always defining the right data and get the 

data structured in such a way that you can even need it. That's the connector part of the 

application, so not the viewing side itself. So structuring the data. That's already a little 

bit analyzing as well because you need to check if the data is correct yes or no. Then 

once that is structured and you load it up into the application itself then we first mostly 

look at how many things are there. The overviews, how many variations, how many 

activities, users, etc. Is that lined up? If that is lined up we mostly focus on the business 

problems that are there. Then, most of the time we jump back to the connector part 

where we then define, as we call it, tags. To say, we want to measure how many people 

do these kinds of activities in combination with this or this. Then we define a tag and 

export the data again and load it up and then see in the output how many times that 

occurs. Then we use that again as a filter to go to the other dashboards to view where 

that occurs and why it happens and do the root cause analysis. So, there's not one 

specific part that we only focus on in the application. It's actually really based on the 

problem definition where we need to look. If it is related to users you focus much more 

on the user side. If it is related to other data, suppliers or whatever data elements there 

is then you look in another place. So, I cannot say upfront where we need to focus on.  

  

[AUTHOR] Okay. You say that you sometimes switch analyze and measure right? You then take a 

brief look at the data to see where the problem might be? 

  

[PMC2] Yes. And of course, in Six Sigma it is all about measuring. Of course, then you also need 

to know where you need to measure probably. But that measuring is mostly done with 

stopwatches etc. and not really real data. That's a big difference, of course. Act on facts, 

not on assumptions. 

  

[AUTHOR] That's true. That's actually how I try to explain measure. When you'd think back to the 

early days that they'd have to time with a stopwatch in a manufacturing hall, stuff like 

that.  

  

[PMC2] Sure. Yeah. I've got some very nice slides about that why you shouldn't do that anymore.  

  

[AUTHOR] Oh, I'd like to see them. 

  

[PMC2] Sure, I'll share them. No problem. 
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[AUTHOR] I'd like to go through a use-case to make it a little bit more tangible. To concretely go 

through the application for a specific problem. 

   

[PMC2] Alright. 

  

[AUTHOR] I made a use-case about a bike shop. It's pretty easy for you I guess. So the bike arrives 

at the store, a mechanic checks the tire and he assesses whether it can be repaired or that 

it should be replaced. 

  

[PMC2] I'm missing a lot of activities here. 

  

[AUTHOR] This is the happy path. 

  

[PMC2] Okay. 

  

[AUTHOR] So, there are missing perhaps some activities. But then he replaces the tire or he repairs 

the tire, he reflates the tire again and then the bike can leave back to its owner. 

  

[PMC2] Yes. 

  

[AUTHOR] For the sake of Six Sigma, the manager wants to reduce the number of defects to such a 

low number, less than 3.4 per million, that it runs at Six Sigma. 

  

[PMC2] Defects on what? 

  

[AUTHOR] Defects a bike repair. A defect is for this example that the bike is not back at its owner 

within three days. 

  

[PMC2] Okay. So that's a sort of SLA kind of thing?  

  

[AUTHOR] Exactly. 

G10.4  MAPPING 

[AUTHOR] In the define phase, he wants to find out what the problem is. How can you guide him 

with the application, or can't you as you said? 

  

[PMC2] Well. If his measuring is that everything needs to be fit into three days. I'd immediately... 

Of course, there are always different ways to solve it. But if I know that upfront I'd 

create a tag where I just measure all the beginning and the end needs to be less than 

three days. Then I have all my cases and I see immediately what my percentage is of the 

cases that don't make that in time. 

  

[AUTHOR] So, you can set a tag? 

  

[PMC2] Yes. Processing time.  

  

[AUTHOR] Then you'd immediately see which cases violate the SLA? 

  

[PMC2] Yes. And then I can go more into depth why that happened. That's then the next step. 

But first I want to know what percentage is really that late. Maybe he thinks it is, but 

maybe it's only 2% or 3% and then it doesn't make sense to even go there.  

  

[AUTHOR] No. So, in the define phase, you'd look at the tag and decide whether the problem really 

is a problem?  
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[PMC2] Yes. 

  

[AUTHOR] Could you also use it in the measure phase then? Or is that also a little bit measure 

already? 

  

[PMC2] No. This is already a little bit measure I think. Of course, you want them monitored 

overtime but that's the real measuring, I think. If you made any changes later on. Look 

at it from a monitoring perspective and see if the changes that you made really made 

sense. That's for me the measuring part.  

  

[AUTHOR] Okay. So, when you'd loop the DMAIC model then control, define, and measure would 

kind of merge into one? 

  

[PMC2] Yes. Well, yeah. That measure becomes the constant thing.  

  

[AUTHOR] Exactly, yeah. So, in control, you measure the same metrics as you do in measure? 

  

[PMC2] Of course, it depends on the business case a little bit. If your goal is to improve the time 

or the throughput time, that it needs to be back at the customer at three days, then I can 

really understand that it would be your internal SLA. Then you want to monitor that if 

that really is there every time on a weekly, monthly, or whatever basis. So you focus on 

that. 

  

[AUTHOR] Okay. So, with the use of tags, you found all the cases that are too late. Then, in the 

analyze phase, how can you use the tool to find out the root cause of the problem? 

  

[PMC2] I'll first, once I filtered out all the things that take time, I'm first going to look at the 

timing perspective where most of the time is being spent. If time is important then, of 

course, I'm looking at the timing phase and going to try and find out in which activity 

most time is spent. So, then that is already one of my analysis. Then I can go deeper in 

that to see what's the reason that that activity took place. Then I can compare it, for 

instance, is it depending on the date it comes in, is it depending on the customer, is it 

depending on the user that did it or the employee that repaired it. Does it have to do 

with the bike type, does it have to do with the inflation method, does it have to do with 

the air that I put in, or, etc. etc. 

  

[AUTHOR] Okay, and you can all do that within the application?  

  

[PMC2] Yeah. As long as I have the data I can do it. 

  

[AUTHOR] Yeah, okay. Then improve doesn't really involve Process Mining I guess? 

  

[PMC2] No. That's something that you most of the time physically have to do. Sometimes it's a 

technical thing that the system needs. But in case of a bike I think it's a process that you 

need to communicate with your people: say 'hey we're going to do it differently because 

of this and this'. If you look at banks or insurances then most of the time there are other 

metaprocesses that can be improved as well. 

  

[AUTHOR] Okay.  

  

[PMC2] It depends a little bit on the customer. 

  

[AUTHOR] That makes sense. So, you're able to find the improvement opportunities but actually 

improving becomes harder? 
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[PMC2] Yes. Because then you have to deal with people and that is always hard. 

  

[AUTHOR] Yeah. Then we're coming to control. Then Process Mining comes back in with the 

monitoring dashboard? 

  

[PMC2] Yes. Verify. It's really to see if the measures have success yes or no.  

  

[AUTHOR] Okay. 

G10.5  GUIDELINE 

[AUTHOR] Well, in order to guide a Six Sigma practitioner through the use of the application I kind 

of created a guideline. This is the initial version of it, please take a look. The red star 

and the blue star indicate that block in the legend.  

  

[PMC2] So, once again? 

  

[AUTHOR] The red stars indicate that that block is the same. The blue one is the data preparation. 

  

[PMC2] Okay, yeah. Analyze, discover and conformance checking I see, is that arrow related to 

the whole box? 

  

[AUTHOR] The arrow is related to the whole box. When you're in analyzing, and as you just 

explained, you want to add a tag. You can go back to data processing. 

  

[PMC2] This fits what I was telling I think. Preparation is measuring, yes indeed. 

  

[AUTHOR] I tried to show which Process Mining steps belong to which phase.  

  

[PMC2] Yeah, I only see monitoring and evaluation, of course, that's really into our tool as well.  

  

[AUTHOR] So, that should be a red star as well in your opinion? 

  

[PMC2] Yeah. 

  

[AUTHOR] Okay.  

  

[PMC2] Evaluation is a little bit difficult because we can monitor, we can show what results are, 

but we cannot evaluate in the application. Those are a little bit split-up. They're more 

or less together in Six Sigma maybe, but we, of course, do the monitoring and based on 

the monitoring you do the evaluation. But the customer does the evaluation, not us. 

  

[AUTHOR] Okay, that should be a separate block in your opinion?  

 

[PMC2] Well, it makes sense to make them separate. For their sense, it's still control, because it 

is controlling. But in my opinion, the monitoring and evaluation are two separate things 

and not one.  

  

[AUTHOR] I understand. That would be done by the same people as do the process improvement 

then? The evaluation? 

  



Bridging the Gap Between Process Mining and Six Sigma  G-91  

 

[PMC2] Yes, yes, exactly. So, most of the time this is a combination of somebody that is 

responsible for the process. He will do the evaluation as well, based on the results that 

come out of the monitoring.  

  

[AUTHOR] Yeah, exactly. So, the exploratory mining, the data preparation, explanatory mining and 

the monitoring is where the Process Mining comes in and the other ones are where the 

business people come in?  

  

[PMC2] Yeah. Well, I think in every phase you need the business people. 

  

[AUTHOR] Yeah, I agree. 

  

[PMC2] Okay. 

  

[AUTHOR] So, this is how I'd like to guide a Six Sigma professional through the use of Process 

Mining in their DMAIC model. Do you think that, when you see this, that there is a need 

for something like this? Or do you think that they can very well use Process Mining 

without a guideline altogether? 

   

[PMC2] That's a good question. Personally, I'd not need an entire guideline to tell me when I 

need what I think. If I explain what Process Mining is and I've seen the tool, then as a 

professional, as Lean Six Sigma guy, I probably know which parts I can use where 

hopefully. But from a commercial perspective. It would make a lot of sense that we 

provide people that work together on a project, as a Six Sigma experienced people 

whatsoever, that we will have a guideline for them. Saying this is where you can really 

benefit our tool in your way of doing things. So, if you ask me personally then I think if 

I was an expert I'd not need it, but commercially I'd definitely like to have it. 

  

[AUTHOR] Is that also because you're very familiar with Process Mining and you really know what 

Process Mining entails or do you think that when you explain it to them they would 

know enough? 

  

[PMC2] Well, the story that we always tell to Six Sigma people is how do you measure now? 

How do you analyze now? Then they come with a story with stopwatches and whatever. 

But how do you know you have everything? You don't. How do you know? Because you 

can't interview everyone and always. So, wouldn't it be great, if you really look at the 

foundation of Six Sigma, then it really looks at measuring everything and having all the 

facts there. What you're doing is actually not all the facts. It is just a couple of snapshots 

that you take. Wouldn't it be great if you have all the facts? Then they say: yeah! Well, 

that's why you need Process Mining. Because we don't do any assumptions, we act on 

all the facts. We grab all the data and have everything available to you. Then you can 

choose which parts are interesting for you to focus on. Then they immediately get it most 

of the time.  

  

[AUTHOR] So, you assume that they know when to use which part of the application within the 

steps or? 

  

[PMC2] That's too hard for me to really tell. Then you need a Six Sigma guy that doesn't know 

and interview him afterward after you tried it. That would be your real Six Sigma 

approach. I think you should ask someone... Whatever my opinion it is not worthy of 

writing down I think because I'm too into Process Mining. For me it's simple but for a 

lot of people it isn't. I would advise you to ask somebody from Lean Six Sigma to do it, 

tell them the Process Mining story and then see how he'd... 

  

[AUTHOR] I did that yesterday. 
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[PMC2] And? 

  

[AUTHOR] They believe it's useful. So that's good, I'm not doing it for nothing. Earlier you said that 

you might want to do the analyze phase before measure. I kind of tried to tackle that 

with the block exploratory mining. 

  

[PMC2] Yeah, that's okay. 

  

[AUTHOR] That was my question. Do you think that that's okay? 

  

[PMC2] Yes. Because it is not really measuring yet what you want to measure but it is more or 

less looking if it is measurable, for instance. 

  

[AUTHOR] Okay, and then besides the fact that you might want to split monitoring and evaluation 

and add some sort of layer on it in which block which people are involved. Do you think 

that there is something else missing from the guideline? 

  

[PMC2] Then maybe, I don't know Six Sigma good enough. What is in their normal guideline? 

So, I don't know how detailed that is and I don't know where they focus on. From what 

we discussed, no I don't miss anything. But again, you're asking somebody from a 

Process Mining perspective and that's more a question for somebody with a Six Sigma 

perspective.  

  

[AUTHOR] Yeah. But when you look at the Process Mining things within the guideline, then you 

think its covered? 

  

[PMC2] Yeah, then it's correct what's stated here. 

  

[AUTHOR] Okay. So, one way I want to tackle the fact that you have all the methods and statistics 

of Six Sigma is within the process analysis field. I want to create some views or 

dashboards within the application that show the measurements or show the statistical 

methods that they would normally use. An ANOVA, Pareto, something like that. 

  

[PMC2] Yeah, exactly. I can really imagine that you want to put in more statistical things that 

they are familiar with which helps them. This is missing now, yeah. 

  

[AUTHOR] So, that's what is the guideline on DMAIC. Within each phase they have some methods 

or some techniques defined that they can use. What I'm trying to show here is how 

Process Mining can fit in, complementing the techniques that they'd normally use. 

  

[PMC2] Yeah. 

  

[AUTHOR] Do you think the granularity is okay or should it be more detailed regarding the Process 

Mining steps of course? 

  

[PMC2] No, I like to have it always very bulky and a wide overview. But that's a personal opinion 

I think. For me it would be enough, but again I'm not the target group here. For me it 

would be more than sufficient, but again my view is not crystal clear on this one from 

that perspective.  

  

[AUTHOR] So, what belongs to it as complementary to the guideline is a text which explains which 

steps, which activities to take within each block. So, in that sense, people can dive into 

the model a little bit more. We then want to create tool support with the additional views 

and some sort of guidance on how to move through the tool within each phase. 



Bridging the Gap Between Process Mining and Six Sigma  G-93  

 

  

[PMC2] Yeah, that would be nice, yeah. 

  

[AUTHOR] That is the total package. Do you think that, from a Process Mining perspective, that 

there is anything else that I haven't thought of? 

  

[PMC2] Well, one small part that I may be missing is a little bit between the defining and the 

measure. That is always the hard part. It's grabbing the right data and knowing that 

you have the right data to measure with. I'm totally not sure if that's sure if that's part 

of the whole Six Sigma project phase. But it's of course very important to know that the 

things that you're measuring are the accurate things that you are measuring. So, for 

instance, at company D we had to do a lot of reconciliation as we call it to show the 

customer that we extract from SAP and showed in our Process Mining environment is 

really the same data and has the same accounts and the same numbers as they see in 

SAP. Otherwise they don't have the insurance that if they draw conclusions that those 

conclusions are right. There's always a vague in-between that people don't trust it and 

go back to the old system and check. You never get away from that. But there's always 

a very important phase and that is getting the right data to do all these steps. I'm not 

sure if that should be part of this, because it's data extraction and validating step. 

Something we do, but it's not explicitly mentioned here. 

  

[AUTHOR] Well, it can be included in the written version to the block data extraction. 

  

[PMC2] Yeah. 

  

[AUTHOR] That you really need to make sure that you have the right data.  

  

[PMC2] Yeah, because it's extraction and processing, but then a very important step is indeed to 

verify that you have the right data. Also to check with the business that it's correct, is 

this what they expected, etc. Otherwise you can go further down the project and jump 

to conclusions and in the end draw the conclusion that you made your conclusion on 

the wrong data which is then very bad of course. 

  

[AUTHOR] I understand. I can add that, that makes sense. And how did you tackle that at company 

D? 

  

[PMC2] So, what we did was, during the extractions we did a lot of calculations on sums of all 

the amounts, how many records did we extract, how many suppliers are there, etc. etc. 

Then we created in SAP the same kind of report based on the same tables. Then we 

brought that through the whole connector to the application itself. So at every time, they 

could just see the conclusions of all the extracted data. So, if we did, for instance, the 

first quarter of the year for the Netherlands. We did a full report from out of the 

connector in that first quarter. We created all that results. So this is the total amount 

that we have in the data, this is the total number of records that we use, this is the total... 

etc. etc. Then they could easily go to SAP and run that same query because that's a 

standard query they can run in SAP. Then those numbers should line up. If those 

numbers do line up, they know that they have the same number of records, the same 

data, etc. So, we do a lot of 'summarizations'. 

  

[AUTHOR] Okay, clear. 

G10.6  CLOSING 

[AUTHOR] So, then we're coming to the end.  
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[PMC2] Alright. 

  

[AUTHOR] Are there any questions that I didn't ask you today that you expected me to ask you? 

  

[PMC2] How are you feeling? Are you comfortable? Do you want something to drink? 

  

[AUTHOR] Ah, I said you could take some water. Do you want some water? 

  

[PMC2] No thanks, no I didn't forget it. It's fine. 

  

[AUTHOR] Then I want to ask you if I can ask you for advice later on in my thesis. 

  

[PMC2] Sure, always. 

  

[AUTHOR] Okay, great. Do you also want to be kept informed on the progress of the guideline and 

the thesis? 

  

[PMC2] Yeah, always. I do follow everything on teams. So if you put something on there, because 

I follow all the research projects. If you put something there I'll definitely read it 

anyway. So you don't have to send me an individual e-mail. If there is something that 

you don't put there then it's always nice to inform me. 

  

[AUTHOR] Okay great. Then I've got the task to transcribe the interview. Can I send it to you so 

you can verify its content? 

 

[PMC2] Sure, sure. 

  

[AUTHOR] Okay, great. 

  

[PMC2] Alright. 
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  INTERVIEW 11 – ACADEMIC 2 – 02-05-2018 

G11.1  GENERAL INFORMATION 

Table G-11: General information for interview 11 

Date 02-05-2018 

Length of the interview 00:33:17 

Name of interviewee [ACA2] 

Experience - 

Name of interviewer [AUTHOR] 

Notetaker - 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn an academic would use Process Mining in the DMAIC model 

G11.2  INTRODUCTION 

[AUTHOR] Allereerst zou ik graag willen vragen of je bekend bent met Process Mining. 

[ACA2] Ja. 

  

[AUTHOR] Ook met alle technieken binnen Process Mining? Conformance checking, process 

discovery? 

  

[ACA2] Nou, alle technieken denk ik niet maar ik weet wel het een en ander van Process Mining. 

Er zijn er heel veel. 

  

[AUTHOR] Er zijn er inderdaad heel veel, ze worden onderverdeeld in drie categorieën. Process 

discovery, conformance checking en enhancement. In process discovery ga je kijken... 

  

[ACA2] Ja, dat weet ik. De basis weet ik zeker. Het gaat er meer om, er zijn zo ongelofelijk veel 

verschillende dingen. 

  

[AUTHOR] Ja, klopt. Je bent ook bekend met Six Sigma? 

  

[ACA2] Ja. 

  

[AUTHOR] Je bent ook bekend met het DMAIC model dat ze daarbinnen hanteren? 

  

[ACA2] Niet. Zegt me niet zo 123 wat, nee. 

  

[AUTHOR] Het DMAIC model staat voor Define, Measure, Analyze, Improve en Control.  

  

[ACA2] Ohja. 

  

[AUTHOR] Nou, in de define fase ga je kijken naar wat je probleem is, stel je een onderzoeksteam 

samen, ga je eigenlijk je project definiëren. Dan in de measure fase selecteer je de 

measures die je wilt meenemen en ga je eigenlijk kijken hoe je proces het op dit moment 

doet. Het is mij uitgelegd aan de hand van een voorbeeld uit de geschiedenis. Als je 

terugkijkt naar hoe quality management ooit begonnen is, dat ze de fabriekshal in 

moesten en met een stopwatch moesten timen hoe lang een bepaalde activiteit duurt en 

handmatig moeten tellen hoeveel defecten dat ze hebben. Daarom is er eigenlijk een 
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measure fase. Heden ten dage is die eigenlijk wat meer geautomatiseerd. Zeker als er 

een achterliggend informatiesysteem is. Dan in de analyze fase ga je kijken wat dan de 

oorzaken van je probleem zouden zijn en ga je op die manier verbeter mogelijkheden 

proberen te vinden. Dan in improve ga je handelen naar die verbetermogelijkheden en 

dan als laatste in control ga je monitoren. Dezelfde measures als die je eerder 

gedefinieerd hebt om te kijken of je verbeteringen zin hebben gehad. 

G11.3  GUIDELINE 

[AUTHOR] Dit is dus eigenlijk een cyclus die Six Sigma professionals iedere keer doorlopen om zo 

te proberen hun processen te verbeteren. Met de gedachtegang van Process Mining, hoe 

zou je met Process Mining een verbeterproject aanpakken? Heb je daar een beeld van? 

  

[ACA2] Volgens mij zijn daar geen theorieën over. Process Mining is een verzameling 

technieken. Er is wat onderzoek gedaan naar een methode die daar... Een master student 

ofzo heeft daar volgens mij wel eens naar gekeken. Volgens mij is dat niet zo'n 

gemeengoed als bij Lean Six Sigma of bij Data Mining, Software Engineering waar echt 

methodes zijn die iedereen gebruikt. 

 

[AUTHOR] Er zijn wel wat methodologieën over geschreven. Dat is ook waar uiteindelijk mijn 

handleiding vandaan komt. Om de handleiding proberen te maken hoe Process Mining 

binnen dit model past heb ik gekeken naar de bestaande Process Mining 

methodologieën. Daar is er eentje in mijn ogen als beste uitgekomen, PM2 van van Eck. 

Dat zal je dan misschien niets zeggen, van Eck waarschijnlijk wel. 

  

[ACA2] Van Eck? 

  

[AUTHOR] Ja. Die heeft hier gestudeerd, is professor... Heeft in ieder geval banden met de 

universiteit. 

  

[ACA2] Maar dat is een afstudeerder? Master? 

  

[AUTHOR] Nee, ik dacht dat hij PhD had. Maargoed, het is in ieder geval gebaseerd op zijn 

wetenschappelijke paper. Van der Aalst heeft er ook in verwezen in zijn laatste boek. 

Hij is zelf ook met een methodologie gekomen, L*. Hij zegt eigenlijk als je iets 

geavanceerder wilt dan verwijs ik je door naar PM2. Daar ben ik naar gaan kijken en ik 

heb geprobeerd om een combinatie te maken tussen Process Mining en deze cyclus. Die 

ziet er als volgt uit. Dit is een legenda met de Process Mining dingetjes, de sterretjes 

kun je in de legenda terugvinden. 

  

[ACA2] Dit is die PM2? 

  

[AUTHOR] De grijze blokken die volgen uit PM2. Die passen in mijn optiek op deze manier binnen 

het DMAIC model.  

  

[ACA2] Maar de legenda is de PM2 methode of is dat wel anders?  

  

[AUTHOR] Dat is niet PM2, dat is wel afgeleid uit PM2. PM2 is niet echt een methode maar het is 

meer een methodologie die zegt van je begint in planning en daar stel je het een en ander 

vast wat je later nodig hebt in je project en zo ga je steeds een stukje verder. 

  

[ACA2] Oké. Maar die schrijven een aantal stappen voor net als dit? 
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[AUTHOR] Ja, precies. 

  

[ACA2] Nouja dat noem ik een methode maar what's in the name. 

  

[AUTHOR] Zoals ik het eigenlijk voor wil stellen voor Six Sigma practitioners is dat ze starten met 

een stukje planning. Ze gaan kijken wat willen we überhaupt binnen ons bedrijf 

optimaliseren. Ze stellen een projectteam samen net zoals ze normaal zouden doen. Ze 

stellen een aantal goals op waar je heel concreet naartoe kan. Daar gebruik je al een 

stukje exploratory mining & analysis om al een eerste blik op je data te werpen. Zoals 

je je misschien voor kan stellen is process discovery al heel handig om te kijken of je 

ergens snel een probleem zit. Met die gedachte zit er een stukje exploratory mining & 

analysis in de define fase. Om überhaupt een eerste kijk te kunnen nemen heb je ook al 

data preparation nodig. Bijvoorbeeld, in planning stel je de informatie systemen vast 

waar je mee wilt gaan werken. Dan kun je met data preparation die informatie eruit 

halen, extracten. In data processing kun je hem filteren, cleanen, enrichen. Zorgen dat 

hij bruikbaar is voor je analyze. Dan kun je je eerste kijk nemen. 

  

[ACA2] Data preparation bedoel je? 

  

[AUTHOR] Ja, data preparation. Dat zit hier ook al een stukje in de exploratory mining & analysis. 

In mijn optiek kun je niet rechtlijnig van boven naar beneden de stappen van DMAIC 

doorvoeren. Hier binnenin zit eigenlijk een loop omdat je al een eerste blik op je data 

wil werpen. 

  

[ACA2] Ja, oké. 

  

[AUTHOR] Dan heb je de data preparation. Daarmee maak je een schone event log. Die dient 

vervolgens als input voor de analyse fase. Daar ga je echt alle technieken van Process 

Mining gebruiken die je hebt. Dan het stukje process analysis bestaat onder andere uit 

enhancement. Maar daar wil ik ook graag een aantal statistische technieken toevoegen 

die ze in Six Sigma veel gebruiken. Een van mijn vragen is dan eigenlijk, mits je die 

kennis hebt, of je een voorbeeld zou kunnen geven wat daar in jouw optiek handig is? 

  

[ACA2] Process Analysis? Dat is bij jou wat anders dan process discovery en conformance 

checking? 

  

[AUTHOR] Zoals ik het uit probeer te leggen is dat process discovery echt het uitvogelen van je 

model is met behulp van een discovery algoritme. Conformance checking is de 

compliance bekijken. Dan enhancement valt binnen Process Analysis. Bij enhancement 

kijk je naar je throughput times, arrival rates, resourcing, handover-of-work, zulke 

dingen.  

  

[ACA2] Process enhancement is wel anders hè. Dat is het annoteren van de processen die je 

hebt met extra informatie. 

  

[AUTHOR] Oké. 

  

[ACA2] Dat is mijn beeld in ieder geval. 

  

[AUTHOR] Binnen het bedrijf is het niet helemaal duidelijk en ik had een paper gevonden die een 

aantal use-cases beschreef. Daarin was het inderdaad de dingen die ik net zei. Dus als 

je bijvoorbeeld naar het organisatorische perspectief kijkt dan ben je bezig met 

enhancement.  
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[ACA2] Ja. Dat zou je zo ook... Ja, nouja. Het is weer what's in the name. Ik snap je vraag niet 

helemaal. Wat wil je nou horen? 

  

[AUTHOR] Wat ik graag zou willen doen is in de tooling van het bedrijf een dashboard toevoegen 

met veelgebruikte statistische methodes binnen Six Sigma die complementair zijn aan 

de Process Mining technieken om op die manier tot een betere verbetering te komen. 

De vraag is dan of jij statistische methodes op kan noemen die daar handig voor zijn.  

  

[ACA2] Maar statistische methodes? 

  

[AUTHOR] Een ANOVA analyse, Chi2, Pareto analyse, zoiets. Of heb je daar helemaal geen beeld 

bij? 

  

[ACA2] Nee. Het lijkt me belangrijk om daar vanuit het domein te beginnen. 

  

[AUTHOR] Ja goed, ik heb het ook aan Six Sigma professionals gevraagd. Die zouden onder andere 

graag een ANOVA zien, of een Pareto analyse zien. 

  

[ACA2] Een ANOVA op wat? 

  

[AUTHOR] Op de data die ze hebben. Op de data die hoort bij het proces dat ze willen verbeteren. 

  

[ACA2] Maar dat zijn gewoon... Ik snap niet zo goed wat dat dan met Process Mining te maken 

heeft.  

  

[AUTHOR] Heeft in principe niets met Process Mining te maken. 

  

[ACA2] Oh, oké. 

  

[AUTHOR] Dat is misschien ook wel de moeilijkheid. Maar er is een hele toolkit met Process 

Mining technieken en die willen we eigenlijk verreiken met aanvullende statistische 

methodes om tot een beter geheel te komen voor het DMAIC model. 

  

[ACA2] Ja, ik vind dat heel moeilijk te zeggen. Nee, ik zou gewoon de standaard statistische 

methodes doen. Correlatie, regressie, dat soort dingen. 

  

[AUTHOR] Ja. 

  

[ACA2] Ik denk dat dat domein gedreven zou moeten zijn. Ik weet niet waar die mensen behoefte 

aan hebben. 

  

[AUTHOR] Nee, dat snap ik. Ik dacht misschien vanuit de academische wereld dat daar nog een 

andere gedachte achter zit.  

  

[ACA2] Nee, dat vind ik heel moeilijk te zeggen. 

  

[AUTHOR] Denk je dat er überhaupt een behoefte is aan zo'n soort guideline? Om de combinatie te 

maken tussen iets als Process Mining en Six Sigma? 

  

[ACA2] Ja volgens mij. Kijk, als je kijkt in de praktijk is Six Sigma heer en meester. Je moet 

daar niet geforceerd iets naast proberen te zetten. Het is dan meer de vraag van hoe 

gebruik je Process Mining binnen Six Sigma? Ja, dan denk ik dat dit wel een zinnige 
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aanpak is. Om te kijken wat is er mogelijk en waar zou ik dat kunnen gebruiken. Wat 

meer invulling geven van die verschillende stappen van Lean Six Sigma.  

  

[AUTHOR] Ja, want dat is uiteindelijk de bedoeling om nog de bestaande DMAIC cyclus te houden 

maar om echt inzicht te kunnen geven welke... 

  

[ACA2] Ja, wat kun je nou binnen die verschillende stappen concreet doen? 

  

[AUTHOR] Ja, exact.  

  

[ACA2] Ja, ik vind altijd die stappen een beetje vage blabla. Dat kun je zo concreter maken. Dat 

vind ik op zich wel een goed idee. 

  

[AUTHOR] U heeft natuurlijk gigantisch veel modellen, diagrammen, frameworks, methodologieën 

bekeken. Als u dit zo ziet, denkt u dan dat de granulariteit goed is? Als zijnde de visuele 

weergave van de handleiding? 

  

[ACA2] Hoe bedoel je? 

  

[AUTHOR] Binnen exploratory mining & analysis zitten heel veel stappen. Die zie je bijvoorbeeld 

deels daar. Maar zou je in het visuele model al alles uit specificeren? Of hoort dat in de 

tekst bijbehorend aan het model? 

  

[ACA2] In dit plaatje bedoel je? 

  

[AUTHOR] Ja, precies. 

  

[ACA2] Nee die zou ik er niet inzetten inderdaad. Ik zou daar een extra... Die zou ik hier niet 

inzetten, nee. 

  

[AUTHOR] Oké. Wat we verder nog willen doen is dan zoals ik zei tool support maken in de 

applicatie van het bedrijf zelf. Zodat we per fase kunnen laten zien welke methodes en 

technieken nu gebruikt kunnen worden. Denk je dat er ook behoefte is aan, want dat is 

erg gespecificeerd op het bedrijf, denk je dat er behoefte is om uit te specificeren voor 

andere tooling? 

  

[ACA2] Dat hangt ervan af welke insteek je kiest. Ik kan me goed voorstellen dat je als 

commercieel bedrijf het invliegt van welke support willen wij leveren en hoe kun je onze 

tool gebruiken. Als ik het zou opzetten dan zou ik het opzetten vanuit wat zouden we 

willen aanbieden. Dan zou ik daar een boek over schrijven of iets dergelijks. Dan zou 

ik het meer algemeen bekijken. Dan zou ik wel degelijk kijken of er vervolgens een of 

andere tool bijgebouwd kan worden die de theorie ondersteund tot op zekere hoogte. 

Volgens mij kun je het vanuit de technieken aanvliegen. Welke technieken zouden 

idealiter moeten worden ondersteund. Of, als je tool leverancier bent welke technieken 

ondersteund onze tool. Dat hangt van de doelstelling af. 

  

[AUTHOR] Voor het bedrijf is de doelstelling natuurlijk om hun tool aan te prijzen. 

  

[ACA2] Dat is me helder, ja. 

  

[AUTHOR] Maar vanuit het oog van de thesis dacht ik dat het misschien interessant was om te kijken 

naar de andere tooling die binnen iedere fase inzetbaar is. 
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[ACA2] Ja, ik denk het wel. Ik zou daar de tooling überhaupt secundair maken. Het gaat in de 

eerste plaats om de vraag welke technieken kun je in de verschillende stappen nou goed 

gebruiken. Dan pas in tweede instantie is de vraag interessant van welke tools 

ondersteunen nou welke technieken. 

  

[AUTHOR] Oké. En als je dit zo ziet is dan voor jou duidelijk waar in het DMAIC model Process 

Mining toegevoegde waarde bied of moet ik daar nog meer op inspelen? 

  

[ACA2] Dat is mij vanuit dit plaatje niet direct duidelijk. Maar dat hoeft volgens mij ook niet. 

Je hebt het niet uitgesproken maar het lijkt mij dat jouw doel is om een methode te geven 

aan mensen die ze kunnen gebruiken van wat zullen we nou eens gaan doen? We willen 

Lean Six Sigma op ons process doen, laten we even aannemen dat die mensen geloven 

dat het slim is om daar Process Mining bij te gebruiken. Wat kunnen we nou gaan doen? 

Dan gaan ze gewoon dat document van jou lezen en gaan ze zien in die stap kunnen we 

dat doen en in die stap kunnen we dat doen. Dan komen ze er wel achter wanneer 

Process Mining, wat er dan precies Process Mining achtig aan is. Ja, boeit het of 

Process Mining uit de algemene statistiek, of waar dan ook... Maakt het die mensen uit? 

Niet toch? Ze willen gewoon iets wat ze kunnen gebruiken. Waar dat vandaan komt zal 

ze verder een worst wezen lijkt mij. 

  

[AUTHOR] Enerzijds is dat natuurlijk waar. Anderzijds op het moment dat je Process Mining 

gebruikt. Eén van de Six Sigma professionals die ik gesproken heb die zegt bijvoorbeeld 

dat normaal voor een nieuwe Black Belt of nieuwe Green Belt, op het moment dat ze 

die define en measure fase moeten doen dan zijn ze daar wel twee maanden mee bezig. 

Op het moment dat je in een verdere iteratie zit van het DMAIC model en je hebt in 

control al het zicht op je measures dan hoeft dat nog maar twee dagen te duren. Op die 

manier versnel je je DMAIC ontzettend. Dus op het moment dat je het op die manier 

ook kunt kwantificeren voor zo'n professional dan is het misschien wel heel interessant 

dat ze die Process Mining gebruiken.  

  

[ACA2] Nou ben je weer met iets anders bezig volgens mij. Nou ben je bezig met het verkopen 

van je methode. Je zegt van, doordat je nu Process Mining gebruikt kun je veel sneller 

werken. Dan is het in principe toch irrelevant in welke fases je Process Mining gebruikt. 

De enige klem die jij doet, is doordat je Process Mining gebruikt kun je veel sneller 

werken. Dat zou ik aantonen door casestudies. Deze mensen nou ineens in twee dagen 

klaar in plaats van in drie maanden. Waar dat dan precies in zit dat is ook een beetje 

secundair vind ik. 

  

[AUTHOR] Oké. Ik dacht juist dat je dat bedoelde op het moment dat je zegt van ze lezen jouw 

document en ze kijken wanneer ze Process Mining kunnen gebruiken.  

  

[ACA2] Nee, volgens mij lezen ze jouw document niet om te kijken wanneer ze Process Mining 

kunnen gebruiken. Ze lezen jouw document, wij gaan een proces optimaliseren. Wat 

moeten we nou gaan doen? We gaan een proces optimaliseren, wat moeten we dan gaan 

doen? Nou we gaan eerst definiëren, dan meten, analyseren, dan improve en dan 

control. Nou laten we eens beginnen met definiëren, wat moeten we dan gaan doen? 

Exploratory mining & analysis. Nou, wat zijn de dingen die we daar voor kunnen 

gebruiken. Dus, volgens mij lezen ze het meer als een soort van kookboek om het zo te 

zeggen van wat moeten we nou doen. Vraag twee, en dat is dan volgens mij wat je net 

aan het doen was. Waar de onderdelen uit jouw boek vandaan komen dat maakt die 

mensen niet uit. Zij lezen het gewoon als dit is het. Wat je net aan het doen was is jouw 

boek verkopen. Je zegt met mijn boek ben je ineens binnen twee dagen klaar. Dat is een 

andere issue. Dat is een hypothese. Die zou je kunnen bewijzen of je zou hem kunnen 

gebruiken om jouw boek te verkopen. Voor geen van die dingen is het volgens mij 
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relevant dat ik als lezer in detail weet in welke stap nou precies Process Mining wordt 

toegepast. Volgens mij niet. 

  

[AUTHOR] Oké.  

  

[ACA2] Maakt mij niet uit, ik wil gewoon iets dat werkt. 

  

[AUTHOR] Maar om iets te hebben wat werkt wil je toch weten wat je in welke fase moet toepassen? 

  

[ACA2] Ja. Maar dat mag van mij een lijstje... Dus hier staat gewoon, weet ik veel, explanatory 

mining & analysis, technieken die je hier kunt toepassen: fuzzy mining, ANOVA, 

conformance analyse, nou goed. Dat fuzzy mining nou toevallig uit Process Mining komt 

en ANOVA uit klassieke statistiek dat maakt mij niet uit. Toch? Zo zie ik het. 

  

[AUTHOR] Dat klopt. Dat is inderdaad ook niet per definitie de insteek. Het is de bedoeling om iets 

te leveren wat ze kunnen gebruiken voor hun procesverbetering. Welke techniek waaruit 

komt is inderdaad uiteindelijk niet relevant.  

  

[ACA2] Dan snap ik je vraag niet. 

  

[AUTHOR] Ik weet al niet meer wat de vraag was. 

  

[ACA2] De vraag was op ik dacht dat het belangrijk zou zijn dat mensen weten waar Process 

Mining wordt gebruikt. In welke stap. Ik dacht van niet. 

    

[AUTHOR] Waar ik eigenlijk meer naartoe wilde is of dat u vanuit de academische wereld een 

behoefte ziet aan zo'n soort guideline. Dat is denk ik de vraag die ik wilde stellen. 

  

[ACA2] Zo'n soort guideline van welke technieken je in welke fase kan gebruiken? Ja volgens 

mij wel, daar zie ik wel het nut van in. 

  

[AUTHOR] Oké. Ik had eigenlijk nog een use-case maar die is niet zo relevant meer denk ik. 

Volgende stappen zijn het verder uitwerken van dit op basis van de interviews die ik 

gehad heb, de tekst eromheen schrijven en tool support maken zodat het een 

totaalpakketje wordt. Zijn er in jouw ogen nog dingen waar ik eigenlijk helemaal geen 

rekening mee gehouden heb in het opstellen van zo'n soort handleiding? 

  

[ACA2] Nouja ik weet nog steeds niet zo goed waar je naartoe wilt. Maar het is dus wel degelijk 

jouw plan om hier zo per grijs blokte te gaan aangeven dit zijn de technieken die je 

daarbij kan gebruiken. 

  

[AUTHOR] Ja. Dat is al voor een aantal stappen uitgewerkt in de methodologie van van Eck. Dus 

dat wordt dan vrij een op een over genomen. Het moet inderdaad duidelijk zijn voor 

ieder blok in het model wat ze zouden kunnen doen. Dat zou de complete guideline zijn. 

  

[ACA2] Dat lijkt me een goed initiatief. Nou is je vraag wat zou ik eventueel nog meer kunnen 

doen om dat document meer waarde te geven? 

  

[AUTHOR] Ja. ja. 

  

[ACA2] Het is wel belangrijk denk ik dat je het naast de bestaande Lean Six Sigma achtige zaken 

zet. Dus ik zou het zoveel mogelijk integreren in wat er bekend is van Lean Six Sigma. 

Ik moet eerlijk zeggen ik heb niet in detail scherp hoe Lean Six Sigma... Volgens mij 
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bestaat er voor Lean Six Sigma ook niet zoiets als dat er per blok wordt aangegeven 

precies wat je er moet doen. 

  

[AUTHOR] Nee, er zijn heel veel verschillende technieken en methodes die je kunt gebruiken in 

iedere fase. Er is niet een echt handboek van hier gebruik je dit en dit, maar hier zou je 

dit en dit kunnen gebruiken. 

  

[ACA2] Ja, maar dat bestaat dus wel? Hier zou je dit en dit kunnen gebruiken? En jij breidt dat 

dan in feite uit met en dit en dit nog ook. 

  

[AUTHOR] Ja. Dat klopt.  

  

[ACA2] Je knikt nee maar zegt ja. 

  

[AUTHOR] Ja, wel. 

  

[ACA2] Dus als ik, dan kijk ik er heel erg naar van hoe zou ik dit aanpakken hoor. Ik kan me 

voorstellen dat het voor een masterscriptie iets anders zit dan voor... Ik zou hier een 

boek over willen schrijven van, ik weet nog niet hoe het boek zou heten, Lean Six Sigma 

met Process Mining of zoiets. Ik zou dan ook vertrekken vanuit het Lean Six Sigma. 

Want je schrijft het volgens mij primair voor Lean Six Sigma mensen. Ik zou laten zien 

van dit is wat er überhaupt al gebeurd en wat de mogelijkheden al zijn en dat zou ik dan 

uitbreiden met dit en dit en dit. Zo zou ik dat aanpakken als ik een handleiding zou 

schrijven. Dat is een beetje waar je naartoe wilt volgens mij. 

  

[AUTHOR] Zo is eigenlijk de thesis ook wel een beetje opgebouwd. Ik begin met de achtergrond 

van Six Sigma en de achtergrond van Process Mining, hoe op het moment Six Sigma 

gedaan wordt, hoe Process Mining daar in past. Dan wil ik nog een casestudy doen waar 

ze het totaalpakket eigenlijk gebruiken, dat valideren en op die manier aantonen dat het 

inderdaad efficiënter is. Mits dat de uitkomst is. Om op die manier een DMAIC cyclus 

te volgen. Dat is wel een goede aanpak denkt u? 

  

[ACA2] Ja.  

  

[AUTHOR] Mooi. De casestudy zit er dan aan te komen. Verder, zou je om nog terug te komen op 

het diagram daar nog veel aan veranderen? Als je inderdaad het lijstje erbij hebt dan zou 

dat wel voldoende zijn volgens jou? 

  

[ACA2] Ja ik denk dat dat uiteindelijk je belangrijkste bijdrage is. Dus een lijstje met dit zijn de 

mogelijke technieken en de tool support die daarbij hoort.  

  

[AUTHOR] Oké.  

  

[ACA2] Ja, je zou het vervolgens nog op allerlei manieren kunnen gaan ondersteunen hè. Je zou 

er documenten aan kunnen gaan hangen, deliverables aan de verschillende stappen. 

Daar document templates bij gaan maken. Je hebt zelfs document templates waar je, 

voor R en voor Python enz. heb je document templates waar je stukjes code in kan 

schuiven zodat je je document template met een druk op de knop bij wijze van kan vullen. 

Dus als ik het zou uitbreiden, als ik het rijker zou maken dan zou ik het in die richting 

gaan zoeken. Dus dat je ook relatief makkelijk die... Dan zou ik echt gaan zoeken in de 

hoek van een project management methode, dat soort zaken. Wat daar eventueel nog 

mogelijk is. 

  

[AUTHOR] Dat is misschien nog wel interessant. 



Bridging the Gap Between Process Mining and Six Sigma  G-103  

 

  

[ACA2] Repository achtige dingen ga je dan ook aan kunnen gaan denken. Waar laat ik mijn 

deliverables, waar laat ik mijn data? Dus dat hè. Typisch project ondersteuning achtige 

zaken zou je dan aan kunnen gaan denken. Maar goed ik begrijp dat dat voor je 

afstuderen veel te ver voert. 

  

[AUTHOR] Ja, dat hadden we er nog niet ingepast inderdaad. Maar dat is wel een interessante 

toevoeging. 

 

G11.4  CLOSING 

[AUTHOR] Oké. Zijn er verder nog vragen die je eigenlijk verwacht had die ik je niet gesteld heb?  

  

[ACA2] Nee. Denk het niet. 

  

[AUTHOR] Oké. Mooi. Op het moment dat ik later in mijn thesis zit en ik heb nog wat advies nodig. 

Mag ik dan nog een keer aankloppen? 

  

[ACA2] Nou in eerste instantie dan liever via de mail. Ik moet voorzichtig zijn met mijn tijd. Ik 

begrijp dat je interviews nodig hebt voor je... Daar wil ik je wel van dienst zijn dat je 

het aantal respondenten hoog kan houden. Maar ik moet ook voorzichtig zijn met mijn 

tijd. 

  

[AUTHOR] Oké. Op het moment dat er iets uitgekomen is en ik heb resultaten. Wil je dan wel graag 

op de hoogte gehouden worden? 

  

[ACA2] Ja, tuurlijk. Dat is altijd leuk. 

  

[AUTHOR] Nou, dan zal ik het interview uit typen, transcriberen. Mag ik het nog naar jou toesturen 

voor validatie?  

  

[ACA2] Ja, dat is goed. 

  

[AUTHOR] Mooi. Dan wil ik jou hartelijk bedanken voor jouw tijd. 

  

[ACA2] Graag gedaan. Succes. 

  

[AUTHOR] Dankjewel. 
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  INTERVIEW 12 – PROCESS MINING CONSULTANT 3 – 07-04-2018 

G12.1  GENERAL INFORMATION 

Table G-12: General information for interview 12 

Date 07-04-2018 

Length of the interview 01:00:16 

Name of interviewee [PMCon3] 

Experience 6 years with Process Mining, 6 years with Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] 

Subject Initial interview regarding the usage of Process Mining in combination with Six Sigma 

Goal To learn a Process Mining consultant would use Process Mining in the DMAIC model 

G12.2  INTRODUCTION 

[AUTHOR] Als eerste wil ik graag weten hoe bekend jij bent met Process Mining. 

[PMCon3] Nou, heel bekend. Vanuit het verleden, de lange historie: ik denk dat Bedrijf A, waar ik 

gewerkt heb vier - vijf jaar geleden en ook nog eens vijftien jaar daarvoor, een van de  

pioniers was in ieder geval op het gebied van Process Mining omdat ze in contact 

stonden met de Technische Universiteit van Eindhoven. Samen met Bedrijf B, wat een 

startup was, een van de spin-offs van van der Aalst. Die hebben een soort prototype 

neergezet op het gebied van Process Mining en daar een hoop bekendheid aan gegeven 

in de markt. Ook bij verschillende klanten. Ik heb toen ook al klanten beschoord 

toentertijd. Nu bij het bedrijf is daar zeg maar een soort van vervolg aan gegeven. Dus 

ja, ik ben zeg maar wel bekend met Process Mining ja. 

[AUTHOR] Mooi, dus op het moment dat ik het heb over process discovery, conformance checking, 

enhancement dan heb je daar een goed beeld bij? 

[PMCon3] Ja, zeker. 

[AUTHOR] Mooi, helemaal super. Ben je ook bekend met Six Sigma? 

[PMCon3] Nou, iets minder. Ik weet dat Lean Six Sigma vaak wordt genoemd in één adem. Hoewel 

het verschillende trajecten zijn, dat weet ik. Six Sigma is wat meer de statistische kant, 

de harde kant van tot het continu verbeteren te komen. Het is afgeleid begreep ik vanuit 

de industrie, waar je naar uitval kijkt en dat probeert te minimaliseren. Waste, hoe je 

het ook maar noemen wil. We hebben toen ook met Process Mining, ook al in de tijd 

van Bedrijf A hebben we gekeken naar die verschillende soorten waste en of we die 

konden detecteren met behulp van Process Mining. Dat kon, naar ons inziens toen. Nu 

ook nog steeds. Herhaling is daar een bekend voorbeeld van, maar er zijn nog een paar 

anderen. Ik heb er toen ook ooit een stukje over geschreven, samen met een collega. 

Over hoe Process Mining toegepast kan worden in het kader van dat soort Lean Six 

Sigma trajecten. 

[AUTHOR] Zou je me dat toe kunnen sturen? 

[PMCon3] Ja, dat wil ik wel doen. 
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[AUTHOR] Dat zou heel interessant zijn denk ik. 

[PMCon3] Ja, daar ga ik naar kijken. Ik heb het volgens mij onlangs ook al een keer toegestuurd 

naar iemand. Daar staan in ieder geval van een jaar of vijf geleden een aantal dingen 

in die misschien wel interessant kunnen zijn.  

[AUTHOR] Ja, hartstikke interessant. 

[PMCon3] Daar zal ik zo wel eventjes naar kijken, als ik het vind stuur ik het je op. 

[AUTHOR] Ja, super. Je weet in ieder geval al een heel stuk meer van Six Sigma dan mijn andere 

interviewees. Dus dat is mooi. Ik heb een diagram gemaakt van het DMAIC model wat 

ze hanteren binnen Six Sigma. Als het goed is kunt u dat nu zien op het scherm. U zult 

misschien bekend zijn met het DMAIC model? 

[PMCon3] Ja, dat werd ook veel toegepast in het kader van proces modelering in het algemeen. 

Dat doe je natuurlijk ook niet zomaar, maar echt met een bepaald doel. Waarbij je zeg 

maar je proces definieert en vervolgens uiteindelijk tot verbeteringen en in-control 

komen wil bereiken zeg maar. Dat is ook de reden van proces modeleren in het 

algemeen, proces denken. Dus ja, ik ken het model ja. 

G12.3  GENERAL 

[AUTHOR] Ja. Dit is inderdaad hoe Six Sigma practitioners hun verbeterprojecten aanpassen. Zoals 

je het als Process Miner zou doen, is dat hetzelfde? Kun je me daar eens doorheen 

praten? 

[PMCon3] Ja, ik moet eerlijk zeggen dat dat wel veel op elkaar lijkt. Waarbij je zeg maar, als je 

zegt define the problem… Kijk wat je vaak natuurlijk doet, met Process Mining begin je 

eigenlijk iets lager he. Als je dit riedeltje bekijkt van boven naar beneden, dan begin je 

eigenlijk met discovery. Dat zit een beetje tussen measure en analyze in wat mij betreft. 

Je begint te ontdekken, discovery staat hier niet tussen maar dat is wel iets wat 

belangrijk is. Omdat namelijk, het probleem met het definiëren van een probleem is dat 

het uit gaan van bepaalde veronderstellingen, aannames. Wat wij vaak tegen kwamen 

was dat mensen iets bedachten waarvan ze dachten van zo werkt het, maar dat is dus 

vaak verkeerd. Dus daarom is die discovery eigenlijk een alternatief voor het definiëren. 

Je zou er eigenlijk een bolletje naast kunnen zetten waarbij Process Mining dus uitgaat 

van het ontdekte model op basis van de data in het geval van Process Mining. De 

definitie is hoe je zou willen dat het werkt. Meer van, dit is hoe het gaat en dit is hoe we 

het eigenlijk zouden willen. Als je alleen maar weet wat je wilt en je weet niet hoe het 

werkelijk gaat dan kun je ook weinig doen om het op te laten schuiven naar de definitie. 

Vandaar vind ik dat ook een belangrijke component van Process Mining ten opzichte 

van bijvoorbeeld dit model. 

[AUTHOR] Ok, Helder. 

[PMCon3] Dus, ok. Verder is het natuurlijk van belang dat wanneer je een model hebt ontdekt en 

aannames gaat doen. Je weet al van een aantal problemen af. Die zie je hier natuurlijk 

ook niet. Je zegt ontdekken, je hebt je definitie, maar je hebt ook, en dat vind ik nog iets 

anders, wat je van je onderbuik al weet. Hoe zeg je dat, vermoedens? Dingen waarvan 

je op voorhand al weet dat het niet goed zit, beter zou moeten, anders zou moeten. Ik 
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weet niet hoe je dat moet noemen. Veronderstellingen ofzo. Hypothese wellicht, zoiets. 

Dat zou je ook nog kunnen bedenken. Je kunt het een beetje vergelijken met het idee van 

dat je weet, oké we hebben… Als je even een auto voorbeeld pakt, je weet dat een auto 

per definitie vervuilend is, dat weet je al. Je weet ook dat je er eigenlijk niet zoveel aan 

kan doen omdat er geen alternatieven zijn. Tenzij er bijvoorbeeld een elektrische auto 

is en hoe vervuilend is die dan. Dat zijn van die dingen, van die vanzelfsprekendheden, 

waar je vaak ook wel gebruik van maakt voor mijn gevoel. In organisaties ook wel. Nou 

goed, laten we zeggen, discovery, definition wat je hier hebt staan dat klopt. Dan heb je 

dat meten, daaronder, dat measure. Dat kun je natuurlijk doen op verschillende 

manieren. Wat wij natuurlijk vanuit Process Mining doen is heel letterlijk meten. Data 

gebruiken als bron om dingen te meten. Dat meet natuurlijk vooral de harde kant, maar 

je hebt ook nog de zachte kant. Bijvoorbeeld, klanttevredenheid of imago wat bij heel 

veel bedrijven een belangrijk thema is. Zichtbaarheid, noem het maar. Het welbevinden 

ofzo. Dat zijn allemaal van die dingen, satisfactie dat soort zaken. Dat zijn van die 

dingen die je minder hard kunt meten maar die zijn wel vaak heel belangrijk. Ik rafel 

dat meten ook weer uit elkaar zeg maar, in de harde en de zachte meetinstrumenten. 

Hoe je dat dan doet. Met Process Mining pak je eigenlijk alleen maar de harde kant. 

Het is gewoon belangrijk om je dat bewust te zijn denk ik. Terwijl processen ook 

ingericht zijn juist om die zachte kant te beïnvloeden. Dat is wel een belangrijk 

onderscheid denk ik. Analyseren dat lijkt me duidelijk hè. Als je hard meet dan analyseer 

je ook hard om het zo maar te zeggen. Het ene is een gevolg van het ander. Je kunt 

natuurlijk alleen maar analyseren dat wat je daadwerkelijk in je model hebt zitten, in je 

data. Maar ook hiervoor geld eigenlijk hetzelfde als voor het meten. Doe je dat dan 

alleen op data of doe je dat ook nog op de wat zachtere zaken. Analyseer je bijvoorbeeld 

ook wat als je dit of dat, ik noem maar wat, meer licht doorlaat ofzo. Of je gaat mensen 

op een heel andere manier belonen, gaat dan de arbeidssatisfactie omhoog of niet. Dat 

zijn dingen die niet in de data zitten maar die meer in de omgeving spelen. Kun je die 

meenamen in je analyse? Dat is natuurlijk wel lastig. Verbeteren natuurlijk heel 

duidelijk he. Verbeteringen doorvoeren en die vervolgens verifiëren. Hebben ze het 

gewenste effect? Dat is natuurlijk wat we beloven en wat we ook met Process Mining 

doen. Waarbij het dan wel is natuurlijk dat wat je ook gedaan hebt, ook al zit dat in de 

zachte kant, dat het wel naar voren moet komen. Ook in je data zou dat door moeten 

veranderen. Tenminste, tenzij het alleen maar over liefde en gevoelens gaat. Het heeft 

natuurlijk indirect gevolgen ook voor dingen die gebeuren in de organisatie. Ook dus 

voor de data. In dat improve stuk, daar zou je dus ook weer artefacten kunnen 

terugvinden van dingen die misschien helemaal niet aan de harde kant veranderd zijn 

maar die wel op de harde kant invloed hebben. Vanuit de omgeven, omdat het zomer 

wordt bijvoorbeeld gaan mensen in een keer betere prestaties leveren omdat het meer 

licht is, omdat ze meer vrije tijd krijgen. Dat is wel weer aardig dat het daar weer bij 

elkaar komt wat mij betreft. Control is eigenlijk het resultaat van alles wat daarvoor zit. 

Dat je continu monitored. Dat kun je eigenlijk alleen maar doen als je data hebt, 

analyseert en meet en verbeterd en goed dan ben je ook uiteindelijk in control. Control 

is een beetje een logisch gevolg van hetgeen dat daarboven zit. 

[AUTHOR] Oké, het lijkt erop dat Process Mining best wel goed tot zijn recht komt in zo'n model. 
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[PMCon3] Ja, zeker. Maar, wel voor de harde kant en voor de indirecte zachte kant. De harde kant 

is duidelijk, dat is data. Dan is er nog de zachte kant en daar kun je alleen maar de 

effecten van meten. 

[AUTHOR] Oké, helder. Ik heb een kleine use-case gemaakt om te kijken hoe dat we specifiek 

Process Mining dingetjes kunnen gebruiken binnen iedere fase. Het proces model 

daarvan is dit. Het gaat over een bike shop. Een klant die komt met zijn fiets aan en die 

heeft een lekke band. De mechanic die controleert de band en besluit of de band 

gerepareerd kan worden of dat hij moet worden vervangen. Dat doet hij, vervolgens 

blaast hij hem opnieuw op en dan kan de fiets terug naar de klant. Een defect binnen Six 

Sigma hier is gedefinieerd als dat hij te laat weer terug bij de klant is, dat dat langer dan 

drie dagen heeft geduurd. 

G12.4  MAPPING 

[AUTHOR] Als de manager daar nou in define achter wil komen, dat dat zijn probleem is. Welke 

Process Mining tools of technieken zou je daarbij kunnen gebruiken om de manager te 

helpen? 

[PMCon3] Nouja, moet je me even helpen met technieken, waar kan ik uit kiezen? 

[AUTHOR] Je kunt misschien het beste praten in termen van de applicatie. Als je denkt aan bepaalde 

dashboards die je zou willen gebruiken. Misschien is dat het makkelijkste. 

[PMCon3] Ja, je bedoeld een middel om dit zodanig te meten en in-control te houden zodat je in 

ieder geval binnen drie dagen die fiets weer klaar hebt. Wat heb je dan nodig bedoel 

je? 

[AUTHOR] Ja, precies. Hoe zou je de applicatie daarvoor kunnen gebruiken? 

[PMCon3] Nou, ik denk dat je er in ieder geval niet aan ontkomt om in ieder geval een klein stukje 

administratie binnen te houden van wanneer die fiets binnen komt. Je zal toch een 

tijdstip vast moeten leggen dat die fiets binnen komt. Dat zou je door de klant kunnen 

laten doen want die levert die fiets in. Die zou je zoveel mogelijk willen laten vastleggen. 

Als die dat nou doet en je krijgt die data dan kun je dat in ieder geval gebruiken als 

startmoment. Vervolgens zou je hem ook nog wel iets kunnen laten vastliggen over wat 

hij denkt dat het probleem is. De klant die weet vaak ook wel of de band geplakt moet 

worden, of hij daar een bobbel in wil hebben of dat hij hem vervangen wil. Dat zou je 

eigenlijk als voorkeur al laten aangeven. Vervolgens zou je iets moeten plannen, je zou 

moeten kijken hoeveel fietsen je nog moet doen voordat je deze kan doen. Hoeveel 

beschikbaarheid heb ik van mijn personeel, dat is iets intern. Daarover moet je iets 

bijhouden. Vervolgens zul je met kosten iets moeten doen, je moet weten wat het verschil 

is tussen repareren en vervangen. Dat moet je teruggeven aan de klant en die moet daar 

iets van vinden. Vervolgens pomp je hem op en geef je een voorspelde datum waarop 

hij hem kan ophalen. Dit plan je altijd binnen drie dagen zeg maar, tenzij dat absoluut 

niet lukt. In de regel zou dat moeten kunnen en anders moet je extra mechanics bijhalen 

of je voorraad op orde hebben. Vervolgens koppel je dat terug, voer je uit conform 

planning en meld je uiteindelijk de daadwerkelijke actie af. Als hij dan af is moet je ook 

nog iets vastleggen van het is klaar, daar staat hij en dit zijn de kosten. Dat is al een 

redelijke hoeveelheid data. Om dat helemaal beheersbaar te krijgen. Ja, de dashboards 
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die daarbij horen? De mechanic zal moeten weten welke fiets hij moet hebben. Iets van 

een FietsID zou je moeten weten. Vervolgens moet je weten wat er aan moet gebeuren, 

of hij het zelf mag bepalen of dat de klant het bepaald heeft. Vervolgens zal hij dat 

moeten gaan doen. Eigenlijk is het alleen maar… Met een heel eenvoudig dashboard 

kun je al uit de voeten voor de mechanic. Uiteindelijk ook voor de klant een relatief 

eenvoudig dashboard. Geef maar aan wat je wilt, wil je het zelf bepalen of doen wij het 

en wanneer is hij klaar? Dus ja, in beide gevallen zijn het zeer eenvoudige dashboards 

met maar een paar gegeven erop. Dat kun je wel in een appje kwijt, laat ik het zo zeggen. 

[AUTHOR] Oké, dus in de define fase en eigenlijk ook wel een beetje de measure fase waar we het 

nu over hebben is de data preparatie echt wel van belang? Wat je net uitlegt dat je zoveel 

verschillende gegevens moet gaan verzamelen voordat je echt iets kunt met je proces. 

[PMCon3] Ja, ja. Je zult wel een bepaalde minimale hoeveelheid data nodig hebben ja. Dat zijn 

datums, dat zijn wat opties… Met name, als het hier maar om een eenmanszaak gaat 

dan is het vrij makkelijk. Als er tien mechanics rond lopen en er komen 80 fietsen per 

dag binnen dan maakt dat de hoeveelheid data die binnen komt ook weer groter. Dan 

moet je gaan verdelen wie is er vrij, je moet met roosters rekening houden en noem 

maar op.  Dat kan behoorlijk uit de klauwen lopen. Je moet ook met voorraad rekening 

houden, heb je alle banden wel? Maar dan ga ik wel heel ver natuurlijk. Dus het kan 

omvangrijk zijn afhankelijk van hoe groot zo'n organisatie is. Overhead krijg je dan 

eigenlijk. Maargoed als je het bij een mannetje houd kun je het bijna met mail oplossen. 

[AUTHOR] Oké, dan komen we bij de analyze fase waar we willen kijken wat de oorzaken zijn van 

de te lange doorlooptijd van je fiets. Zou je daar de gehele applicatie voor gebruiken of 

hoe zou je dat aanpakken? 

[PMCon3] Om dat te analyzeren? 

[AUTHOR] Ja, precies. 

[PMCon3] Dat hangt er een klein beetje vanaf. Hoe meer je vastlegt, of dat nou automatisch 

gebeurd of door de klant of door jezelf, aan data rondom dit process. Aan de 

omstandigheden, bij wijze van spreken hoe hoog de temperatuur was, je kunt van alles 

bedenken, hoe meer je kunt analyseren natuurlijk. Als je maar 1 gegeven vastlegt dan 

valt er niet zoveel te analyseren. Behalve dat je kunt kijken in de historie van wat voor 

dagen het waren, of het een weekend was of niet, of het nat was of zonnig was, daar kun 

je natuurlijk wel achter komen. Je kunt allerlei dingen meenemen. Wat voor type fiets is 

het? Uit analyze kan bijvoorbeeld blijken dat achterwielen over het algemeen langer 

duren dan voorwielen. Als je iets vastlegt over het achterwiel en het voorwiel dan kun 

je daar ook in je analyze rekening mee houden. Dan beschouw je beide als hetzelfde en 

dan kun je het niet analyseren. 

[AUTHOR] Dat hangt dus heel erg af van de richting die je op wilt? 

[PMCon3] Ja, kijk, je kunt er vanuit gaan dat je zo'n proces minimaal wilt vastleggen. Dat scheelt 

je een hele hoop kosten en administratie. Daarmee kan ik concurrerend zijn. Je mag 

ook niet teveel vastleggen. Waarom moet ik bijvoorbeeld allemaal gegevens vastleggen 

van de klant als het alleen maar om een fiets gaat? Maarja, als je dat steeds efficiënter 

wilt doen dan is er misschien wel een hele goede reden om het wel te doen. Om ook te 
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weten is het een damesfiets, is het een herenfiets? Oftewel is het een man of een vrouw, 

of andersom? Ja, dan is er misschien juist heel veel reden om heel veel vast te leggen 

zodat je daarmee misschien het probleem kunt achterhalen waarom de ene keer die drie 

dagen wel gehaald kunnen worden en de andere keer niet. Misschien zijn er hele rare 

of onverwachte omstandigheden die ervoor zorgen dat je het soms wel en soms niet 

haalt. Daarvoor moet je wel wat meer vastleggen dan het minimale. 

[AUTHOR] Er van uitgaande dat je zulke dingen vastgelegd hebt in je data, dan kun je met de 

applicatie achter de onderliggende oorzaak van je probleem komen? 

[PMCon3] Nou, dat zeg ik niet. Ik zeg alleen dat je dan de kans vergroot. Hoe meer je vastlegt, hoe 

groter de kans dat je achter de oorzaak komt. Dat is eigenlijk mijn redenering. 

[AUTHOR] Oké, stel nou dat een van de verbetermogelijkheden is dat een bepaald type band niet 

meer gebruikt moet worden want die duren altijd veel te lang om te repareren. Is er dan 

nog iets wat je in de improvement fase kan doen of valt dat een beetje buiten Process 

Mining? 

[PMCon3] Nee, kijk als je het type band vastlegt en je ziet dat een bepaald type altijd langer duurt 

dan haal je dat eruit. Leg je dat niet vast, dan haal je dat er ook niet uit natuurlijk. Dan 

is het indirect. Dan kan het best zo zijn dat misschien blijkt, het is allemaal statistiek 

uiteindelijk, dat misschien blijkt dat dat type een bepaalde combinatie band is, dat het 

vaak wordt toegepast op damesfietsen. Dan ga jij denken als ik damesfietsen doe dan 

haal ik het niet, terwijl het uiteindelijk aan het type band ligt. Maar omdat het type band 

dan weer een damesfiets is, en dat weer ander materiaal is, enz. enz. Er kunnen dus 

allemaal afgeleide data zijn die uiteindelijk een bepaald verband aantonen. Dat verband 

is dan je analyse. Waarom je de ene keer wel en de andere kant niet iets haalt. Vaak 

moet je dan wel een slagje dieper. Als dat niet kan dan houd het op. Ik zie een verband 

tussen dit en dat. Of het nou echt hard is of dat het indirect is kan ik niet echt zeggen. 

[AUTHOR] Hoe zou je daar in jouw idee achter kunnen komen? 

[PMCon3] Nouja, hoe zou je daar achter kunnen komen? Wat je niet weet daar kom je natuurlijk 

ook niet zo makkelijk achter. Je legt misschien onterecht een verband tussen iets wat 

misschien… Je zult dan verder moeten gaan onderzoeken op dat punt. Je zou kunnen 

zeggen ik zie dat het om damesfietsen gaat, maar is dat dan ook echt de reden dat we 

die drie dagen niet halen of zit dat dieper? Dan ga je van damesfietsen meer data 

verzamelen. De verbetermaatregel is dat we van damesfietsen, in tegenstelling tot 

herenfietsen, iets meer gaan vastleggen. Namelijk welk type band bijvoorbeeld we er 

dan opzetten. Als je dat dan doet dan zie je daar misschien weer verschil. Je kan dan 

inzoomen zeg maar op dat punt. Je hoeft dan niet van alle fietsen extra data vast te 

leggen maar dan doe je dat alleen van die damesfietsen omdat je daar ziet dat het mis 

gaat. Doordat je daar meer gaat vastleggen kom je uiteindelijk tot de kern. Dat doe je 

als het ware agile he, je begint heel grof en daar waar je iets ziet zoom je vervolgens op 

in en ga je meer van vastleggen. 

[AUTHOR] Dat valt eigenlijk allemaal nog binnen de analyze fase of niet? 

[PMCon3] Ja. Nou, nee eigenlijk is het een verbetering die je doorvoert he. Je kunt zeggen van een 

verbetermaatregel is dat je meer gaat vastleggen, dat zie je ook in projecten die we 
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doen, op een bepaald punt. Van een bepaald onderwerp wil je gewoon meer weten. We 

zien een bepaald verband maar we weten nog niet zeker of het een direct verband is of 

dat het indirect is. Om daar achter te komen moeten we meer vastliggen en dat is 

eigenlijk een verbetermaatregel op je proces. Daarmee kon je meer in-control en maak 

je dat loopje weer. Die DMAIC maak je dan weer natuurlijk daarmee. 

[AUTHOR] Oké. 

[PMCon3] Is het duidelijk wat ik bedoel? 

[AUTHOR] Ja, het is helder wat u bedoelt maar waar ik eigenlijk een beetje mee zit is dat in mijn 

ogen de verbeteringen echt aan de business kant gedaan moeten worden. Daar moeten 

ze stellen van voor die damesfietsen moeten we dit type band niet meer gebruiken. Op 

het moment dat ze dat doorgevoerd hebben dan kun je verder naar control en kijken of 

het inderdaad zin heeft gehad wat je gedaan hebt. 

[PMCon3] Zeker nu helemaal he, ook vanuit GDPR bijvoorbeeld, wil je alleen maar dingen 

vastleggen die jou proces helpen  met het beter worden, met het efficiënter of 

klantvriendelijk maken. Als je dan met iets heel simpels begint zoals dit, dan is het ook 

aannemelijk om te veronderstellen dat je heel minimaal vastlegt. Alleen het 

hoogstnoodzakelijke leg je in het begin vast. Als je dan vervolgens ziet dat je die drie 

dagen niet haalt dan ga je vervolgens kijken waar het aan zou kunnen liggen. Daar 

zoom je dan op in. Dan is er dus ook een noodzaak om zeg maar meer vast te gaan 

leggen van een bepaald iets, in ieder geval van die drie dagen.  Hoe kan het dan? Wat 

zien we? We zien met name dat het veel om damesfietsen gaat. Nou, laten we daar dan 

iets meer van vastleggen. Wat vermoeden we? We vermoeden dat het iets met het soort 

band te maken heeft. Laten we dan in ieder geval iets van die band vastleggen. Eigenlijk 

doe je een hypothese, je gaat vervolgens zeggen laten we iets meer vastleggen om die 

hypothese te toetsen. Vervolgens is dat zo is het niet zo. We verwerpen hem of we nemen 

hem aan. Als we hem aannemen dan houden we hem erin want dan willen we in-control 

blijven en dan heb je eigenlijk daarmee een soort verbetering doorgevoerd. 

[AUTHOR] Ahja, oké. Wat ik eruit haal is dat het heel belangrijk is om te kunnen onderbouwen 

waarom jij verschillende data opslaat. 

[PMCon3] Ja. 

[AUTHOR] Dat je door middel van je analyse dieper in de data gaat, steeds andere dingen, meer 

dingen wilt onderzoeken. 

[PMCon3] Ja. Dat je dat ook incrementeel doet ook eigenlijk. Je begint zo eenvoudig mogelijk. Er 

wordt zo ongelofelijk veel vastgelegd tegenwoordig. Misschien wel té veel. Die grote 

hoeveelheid leidt af van het feitelijke probleem wat soms best wel heel simpel kan zijn. 

Omdat je dat gegeven niet weet ben je aan het zoeken naar een speld in een hooiberg. 

Als je die hooiberg afpelt tot een paar sprietjes dan vind je die speld ook sneller. Het is 

maar net hoe je dat aanpakt. Ik denk dat het goed is om juist te beginnen met 'hoog-

over' en daar naar de grote structuren te kijken en vanuit daar in te zoomen op details 

waar nodig. Dat zou mijn aanpak zijn. 

[AUTHOR] Oké, helder. 
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G12.5  GUIDELINE 

[AUTHOR] Om een Six Sigma practitioner succesvol een Process Mining project te laten doorlopen 

heb ik een handleiding gemaakt voor hen. De grijze blokken volgen een Process Mining 

methodologie van van Eck, PM2. Dat is hoe je een Process Mining project aan zou 

pakken. Die zijn op deze manier gelinkt binnen het DMAIC model. De rode ster en 

blauwe ster geven aan dat je dat gedeelte hier aan de rechtse kant kunt vinden. Zal ik er 

eens doorheen lopen? 

[PMCon3] Ja, loop er maar doorheen. 

[AUTHOR] Ze beginnen in de define fase bij planning, daarin bepalen ze wat de goal is van hun 

hele verbeterproject, wat ze eigenlijk willen verbeteren. Als je terugdenkt aan de use-

case dan willen ze graag de doorlooptijd van de fietsen verkorten. Om beter inzicht te 

krijgen in wat ze zouden willen verbeteren is het zaak dat ze al een keer naar de data 

kunnen kijken, dat doen ze met exploratory mining & analysis. Dat blok kun je aan de 

rechtse kant vinden. Daarin zit een stukje data preparation. Het extracten van je data en 

data processing wat dat filteren, verrijken, cleanen, dat soort dingen is. Vervolgens gaan 

ze door naar de analyze waar ze process discovery kunnen gebruiken, conformance 

checking, process analysis, de Process Mining technieken eigenlijk. Op het moment dat 

ze dan een eerste blik op de data hebben geworpen en ze weten daardoor wat het 

probleem en is kunnen ze dat definiëren in planning en kunnen ze doorgaan naar 

measure. Measure is vervolgens gedefinieerd als de data preparation. Zoals je al zei, het 

verzamelen van die data is heel belangrijk. Als je denkt dat je alle data hebt dan kun je 

naar analyze waar je echt dieper in gaat op de data en gaat kijken waar je 

oplossingsrichtingen zitten. Als je aan de rechter kant kijkt dan is er vanuit het analyze 

blok ook weer een pijl terug naar data processing. Als er dan uit je analyse blijkt dat er 

meer data nodig is dan kun je je data weer verrijken en verder je analyse doorvoeren. 

[PMCon3] Een beetje wat ik net zei dus? 

[AUTHOR] Ja. Wat je net zei. Dan gaan ze verder naar improve. Wat in mijn ogen eigenlijk gebeurd 

aan de business kant. Gebaseerd op de oplossingsrichtingen die je aandraagt in analyze 

wordt het proces verbeterd. In control gebruik je de applicatie opnieuw om te kijken of 

dat de verbeteringen inderdaad zin hebben gehad. 

[PMCon3] Welk effect ze hebben? 

[AUTHOR] Ja. Zo zou ik eigenlijk een Six Sigma practitioner Process Mining willen laten gebruiken 

binnen hun DMAIC model. Als je zoiets ziet, denk je dat er überhaupt nut is voor zo'n 

guideline? Of denk je dat, op het moment dat je ze Process Mining, dat ze zelf ook wel 

weten waar en wanneer ze Process Mining toe kunnen passen? 

[PMCon3] Nou, uiteindelijk komen ze daar wel achter. Het is wel handig denk ik om zo'n model te 

hebben. Je hebt heel gauw de neiging om te gaan analyseren en te exploreren op dingen 

die opvallen, terwijl dat helemaal niet dingen hoeven te zijn die waarde toe kunnen te 

voegen. Om de focus goed te houden is het wel nuttig om dit aan te reiken denk ik. 

Gewoon om wat structuur te hebben. 

[AUTHOR] Toen u voor het eerst het diagram van het DMAIC model zag wat ik toen straks liet 

zien, ging je kijken hoe je een Process Mining project zou doen, Daar zei je dat je 
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discovery misschien langs define zou zetten. Want discovery zit een beetje tussen 

measure en analyze is. Denk je dat dat op deze manier, met een stukje exploratory 

mining & analysis, goed opgelost is? Is dat wat jij bedoelde? 

[PMCon3] Ja, er valt natuurlijk niets te discoveren als je geen data hebt. Je zult iets aan extractie 

en data processing moeten doen. Dus als je die ervoor zet, data preparation, dan begrijp 

ik dat. Dan zit die hier prima. 

[AUTHOR] Oké, helder. Denk je dat er verder nog iets anders mist in de handleiding of is hij vrij 

helder? 

[PMCon3] Ja, er mist wel iets. Dat is in mijn ogen de context van data. Wat ik merk en heb gemerkt 

de afgelopen jaren is dat zonder context, de data heel abstract is en niet zo heel veel 

zegt. Ook al analyseer en visualiseer je je erop los, zonder context doet het niets, 

betekend het niets. Ik mis een beetje de context van waarin die data zich afspeelt. Als jij 

een bedrag voor je neus krijgt, 85 euro bijvoorbeeld, die zegt dan niets. Je moet weten 

waar het nou over gaat. Welke eenheid hoort daarbij en hoe verhoud dat zich tot de 

totale omzet van het bedrijf of het proces. Hoe relevant is het überhaupt? Wat doen 

andere data? Context, geld eigenlijk voor alle data die je analyseert, is vaak 

beschrijvend en zit vaak ook in het hoofd van business users. Dat is daarom ook heel 

relevant omdat je er anders de waarde niet van in kan schatten. Je wilt natuurlijk vaak 

beginnen met die dingen. Dat is vaak ook geld en waarde gerelateerd. Als je dat goed 

weet, als je bijvoorbeeld aan ieder data elementje een label zou kunnen hangen van 0-

100 in termen van belangrijkheid, dan zou dat enorm helpen. Dan ga je met die data 

beginnen. Dit model doet daar eigenlijk geen uitspraak over en dat is wel iets wat je zou 

kunnen meenemen, context. 

[AUTHOR] Zou dat dan bijvoorbeeld in data processing zitten?  

[PMCon3] Nou, het zit eigenlijk een beetje door het model heen. In definitie zou je iets van context 

mee willen nemen. Waar hebben we het over als het gaat om een bepaald proces of om 

een bepaald project of een organisatie? Hoe verhoudt dat zich tot de rest van de wereld 

om het maar even zo grof te zeggen? Dan zou je in de data preparatie fase, bij measure, 

context mee willen nemen. In welke vorm en hoe precies dat weet ik ook niet, maar daar 

zou je wel iets mee moeten willen. In je analyze fase kan je daar dan rekening mee 

houden. Je kan daar zeggen als je hier een gegeven hebt met een waarde 2 maar ik heb 

er ook eentje met een waarde 98 dan heeft het meer zin om die 98 te pakken dan om die 

2 te pakken. Terwijl ze misschien allebei opvallen en afwijken in je analyze fase. Zoiets 

zou ik in de measure fase wel meenemen.  

[AUTHOR] Dus het zou eigenlijk helpen om de business side erbij te betrekken zodat je weet aan 

welke data elementen wat voor waarde hangt? 

[PMCon3] Ja. Dat is wel iets wat in Six Sigma vergeten wordt, of wat onbekend is. Je kunt niet 

vanuit een wiskundig model bepalen wat goed of wat slecht is. Wat waarde heeft of wat 

niet. Dat kan soms iets heel lulligs zijn, als het om imago gaat bijvoorbeeld een woordje 

in de tekst. Dat kan best wel grote gevolgen hebben voor een organisatie of een analyze. 

Ik zeg data zonder context daar heb je eigenlijk niets aan. 

[AUTHOR] Oké. Helder. 
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[PMCon3] Dus daarom moet het erbij in, denk ik. Dus daarom moet het erbij in. 

[AUTHOR] Ja, snap ik. 

[PMCon3] Dus dat mis ik. 

[AUTHOR] Oké. Dat vind ik misschien moeilijk om visueel weer te geven maar dat kan wel heel 

goed in de bijbehorende tekst natuurlijk. 

[PMCon3] Ja, dat zie je ook heel vaak hè. In beschrijvende text staat dan vaak uitgelegd, dat zie je 

met proces modeleren ook, waarbij het plaatje discovered wordt maar het gaat 

uiteindelijk om het verhaal bij dat plaatje. De context, dat haal je met mining nog niet 

zo snel boven water. 

[AUTHOR] Nee, dus daarom is het belangrijk om daar de business ook bij te betrekken zodat je die 

vertaling kunt maken van het model naar het werkelijke proces? 

[PMCon3] Ja. Maar ook dat je misschien een soort van berekening zou kunnen doen over de 

waarde van die context. Dus dat je de context een soort van labeltje geeft waarbij je er 

toch iets mee kan. Misschien meer dan wat we nu kunnen op dit moment. Gewoon om 

dat ik daar vaak tegenaan loop. 

[AUTHOR] Ja, dat is wel interessant om naar te kijken. Oké, voor het visuele model, denk je dat de 

granulariteit daar oké is of zou je de verschillende stappen in ieder blok verder 

uitgewerkt willen zien of hoort dat in de tekst die erbij hoort? 

[PMCon3] Nee, ik denk dat de granulariteit prima is.  

[AUTHOR] Buiten de data context, zijn er nog meer dingen waar ik helemaal niet aan gedacht heb 

die nog meer belangrijk zijn volgens jou? 

[PMCon3] Nouja, het ligt een beetje in het verlengde van elkaar. Maar iets van een business case. 

De reden waarom. Hier staat planning, ik neem aan dat het daar een beetje in zit. 

Eigenlijk zou je de reason why, waarom doen we het überhaupt? Met welke achtergrond 

voeren we dit uit? Waarom leggen we überhaupt data vast? We willen in-control zijn. 

Maar in-control zijn is natuurlijk niet de reden. Je wilt in-control zijn omdat je daar 

geld mee kunt verdienen, of omdat je daar denkt iets mee te kunnen verbeteren of 

verwezenlijken. Iets van een business case achtige beschrijving zou nog wel handig zijn 

denk ik.  

[AUTHOR] Dat is inderdaad wel iets wat we mee kunnen nemen in planning. Oké, helder. Nou, 

gebaseerd op dit interview en de andere interviews die ik gehad heb ga ik door en 

verbeter ik de handleiding.  

[PMCon3] Mooi, dat is fijn. 

[AUTHOR] Dat hoop ik tenminste. 

[PMCon3] Dat hoop ik ook ja. 

G12.6  CLOSING 
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[AUTHOR] Dan komen we eigenlijk bij het einde van het interview. Ik zou je graag nog willen 

vragen of er vragen zijn die je van mij verwacht had die ik niet gesteld heb vandaag. 

[PMCon3] Nou, Six Sigma was en is voor mij een beetje een wiskundig begrip. Dat heeft te maken 

met hoe bereik je Six Sigma? hoe bereik je zo weinig uitval? Ik kan een beetje moeilijk 

zien hoe dit zich nou verhoudt tot dat… Ik snap wel continu verbeteren, steeds de helft 

van de helft dan kom je er ook wel. Maar dat hele harde meten, ik had wel vragen 

verwacht daarover meer nog. En ook misschien wel hoe zich dat dan verhoudt met Lean. 

Lean is meer gedrag en houding van mensen. Als je gewoon een stelletje sukkels bij 

elkaar zet dan komt er ook niet zoveel van terecht allemaal. Welk proces je ook doet, 

als iemand geen zin heeft dan is het natuurlijk moeilijk te weten omdat het niet zit in 

data, hij drukt gewoon op de knop of doet gewoon niks. Die houding, gedrag, attitude, 

etc. Lean en Six Sigma staan voor mij een beetje tegenover elkaar maar ze kunnen ook 

vaak niet zonder elkaar. Je hebt aan de ene kant die harde metende kant, aan de andere 

kant zou je ook nog een model willen hebben… Daar begon ik net al een beetje mee met 

die context. Als je dat nou zou kunnen meten dan heb je al wat meer houvast. Laat ik 

het zo zeggen, het ene is eigenlijk niet zoveel waard zonder het andere. Je kunt niet of 

het een of het ander doen. Alleen maar Lean beklijft ook niet. Dat hoor je vaak als klacht 

he, houding en gedrag, dan gaan ze bij het koffieautomaat zitten bijvoorbeeld. Iedereen 

zegt ja en amen, klapt voor elkaar, maar na twee weken doen ze weer hetzelfde. Hoe 

komt dat nou? Omdat het systeem wat eronder ligt niet mee veranderd. Dus, je zult ook 

iets moeten doen aan de manier van vastleggen. Hoe je met systemen, of IoT omgaat die 

die data produceren. Het zijn eigenlijk twee werelden die wat mij betreft met elkaar 

interacteren. Daar zou ik wat meer vragen over stellen. Het is wat mij betreft één 

systeem. Naast dit model heb je eigenlijk nog een ander model dat zich veel meer 

afspeelt op dat belevingsvlak meer. Een bijna psychologisch vlak. Als je in die data 

wereld zit en in de IT dan zit je vaak in de harde wereld en dan vergeten we vaak de 

zachte wereld. Daar hebben we toch wel mee te maken. Op de een of andere manier 

moeten we daar een soort sensoren voor bedenken om daar iets mee te doen. Het een 

kan gewoon niet zonder het ander. Hier staat ook heel makkelijk van we improven en 

dan controleren we dat weer. Dat rode ding wat daar staat, daar zit een enorme 

weerstand achter. Een weerstand die mensen per definitie hebben op het moment dat er 

iets moet veranderen. Een improvement betekend namelijk ook een verandering. 

Change. Er is niets zo lastig als ergens dingen veranderen, zeker in grote organisaties. 

Wat wij merken is dat die eerste drie fases wel lukken, dan kom je bij de improve stap 

en dan zeggen mensen dat gaan we niet zomaar doen. Ik ga niet in een keer drie dingen 

vastleggen in plaats van twee dus waarom zou ik dat nu ineens gaan doen? Dan moet 

je dat weer uitleggen dat dat te maken heeft met een business case en dat dat dan beter 

is voor het proces en dat de klant daarmee geholpen is. Dan nog is het lastig om dat 

voor elkaar te krijgen. IT moet wat doen en die moet wat doen en dan moet er weer 

nieuwe instructie geïntroduceerd worden. Dat moet heel gericht want dat moet niet naar 

iedereen enz. enz. In dat improve stuk zit een weerstandsfactor in die ook op de een of 

andere manier mee moet. Als dat bijvoorbeeld 1 is dan is het een eitje. Ik kan gewoon 

een bron op internet aanspreken en ik heb die data te pakken. Als dat de verbetering is, 

niemand heeft daar verder last van, kost het misschien alleen wat geld en de weerstand 

is dan 3 op een schaal van 10. Als het gaat over dat er voortaan op een hele andere 

manier gewerkt moet worden dan is de weerstand misschien wel 8 of 9. Dus daar zit 

voor mij een relatie met de werkelijkheid, met de zachte kant, die vaak menselijk is. Wij 
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merken dus dat dat heel vaak leidt tot vertraging, tot geen deal, tot uitstel van, etc. Dat 

is wel een dingetje en in control zou je misschien ook wel iets kunnen verzinnen. Bedenk 

ook de zichtbaarheid van dingen hè. Mensen vinden het niet fijn om zichtbaar te maken 

wat ze de hele dag aan het doen zijn. Dan wordt het werk heel transparant. Dat heeft 

ook invloed op hoe ze het ervaren. Ook daar zit zeg maar een soort big brother achtig 

fenomeen achter. Improve heeft zeg maar de weerstand, maar bij control is het vaak 

weer big brother is watching you. Dat vinden mensen eng en vervelend. Ze willen 

helemaal niet in-control zijn. Ik vind het juist wel prima dat er een heleboel niet in 

control is, dat vind ik juist wel lekker daar kun je jezelf achter verschuilen enz. Met 

name in die twee dingen die dan meer richting de business gaan, richting de 

werkelijkheid. Improve en control daar zitten vaak dat soort elementen in. 

[AUTHOR] Ja. Als u dat zo uitlegt dan begrijp ik dat inderdaad wel. Maar dat is iets waar wij, moet 

ik heel eerlijk zeggen, niet aan gedacht hadden.  

[PMCon3] Nou, geeft niet. Daarom vertel ik het ook. 

[AUTHOR] Ja, dat is wel heel prettig. 

[PMCon3] Nee maar goed, dat is wel wat je vaak met die modellen hebt. Die zijn leuk en aardig op 

papier. Ze zijn goed in datgene waar het feitelijk om draait, namelijk feitelijkheden, 

data, etc. Als het gaat om de impact die het heeft op het dagelijks leven om het zomaar 

te zeggen. Dan missen de modellen vaak nog een heleboel. Daar zou ik heel graag 

dingen aan toe willen voegen. Als is het maar iets heel simpels als iets van een schaal 

van 1 tot 10. Vaak kun je dat soort dingen wel uitdrukken. Angst voor verandering. Als 

de hele organisatie zegt kom maar op, wij zijn er klaar voor dan is die gewoon 0. De 

improvement stap is dan niet zo moeilijk. Als je een interview houd bij 10 mensen en 

vraagt aan 10 mensen hoe ze het zouden vinden als ik morgen robotic process 

automation op jou los zou laten want ik denk dat wij jouw werk wel in regeltjes en 

algoritmes kunnen vatten. Ben je bereid daaraan mee te werken? Dan zal hij 

waarschijnlijk zich de volgende dag ziek melden. Dat is vaak wel waar je het over hebt 

als je het over process improvement hebt. Dat zijn geen kinderachtige dingetjes. Ik zou 

met name die zachte kant proberen te vangen op de een of andere manier. Al is het maar 

op een simpele manier. In ieder geval om er rekening mee te houden. Die eerste drie 

dat gaat altijd wel, define, measure en analyze dat lukt wel. Improve en control dat is 

andere koek. Daar zit eigenlijk een stippellijntje tussen. Daar ga je van de harde kant 

naar de zachte kant. Daar wordt het spannend. 

[AUTHOR] Ik zal daar eens goed over nadenken.  

[PMCon3] Ja, dat moet je eens doen. Ik denk dat daarmee het model ook nog wat rijker wordt dan 

dat het nu is. 

[AUTHOR] Ja, helder. Mag ik jou later ook nog voor advies vragen als ik dat nodig heb? 

[PMCon3] Mag altijd. 

[AUTHOR] Mooi. Wil je ook graag op de hoogte gehouden worden van de voortgang van de 

guideline, van de thesis? 

[PMCon3] Uiteraard, ja hoor, zeker. 
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[AUTHOR] Super. Dan kom ik bij de laatste vraag. Ik mag het interview uittypen woord voor woord. 

Mag ik dat nog naar je toesturen zodat je de inhoud ervan kunt valideren? 

[PMCon3] Ja hoor. Dat mag zeker. 

[AUTHOR] Oké mooi. Dan wil ik jou graag bedanken voor je tijd en voor de prettige inzichten. 

Geeft stof tot nadenken. 

[PMCon3] Mooizo. Dan is het in ieder geval nuttig geweest. 

[AUTHOR] Ja, absoluut. 

[PMCon3] Oké bedankt. 

[AUTHOR] Bedankt.  
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APPENDIX H  

This appendix shows the drafts of the tool support prototype developed for the ProcessGold platform. 

In the brainstorm sessions it has been determined which Process Mining techniques should be present 

in each phase. Input for these brainstorm sessions were the interviews, the literature study, and logical 

thinking. An explanation of why the drafted dashboard elements are chosen can be found in section 4.3. 

Figure H-1 shows the prototype draft for the dashboard created as welcome screen. It welcomes the Six 

Sigma practitioner and explains that one can navigate to dashboards by clicking the icon for the phase 

they want to go to. Each icon navigates to the corresponding dashboard (red text). Furthermore, it should 

be clear that they can navigate to another part of the application to conduct more in-depth analysis by 

clicking on the ‘play button’.  

Figure H-2 shows the prototype draft for the define phase. It consists of three dashboard items. A process 

graph, a bar chart which shows the average processing time, and a bar chart which shows the contribution 

to the average processing time. All dashboard items zoom in to that part of the application in which 

further analysis can be conducted on the concepts of that dashboard items (red text).  

The prototype draft for the measure phase can be found in Figure H-3. It shows the metrics that one 

might want to compare, open and close activities such that one can verify if they are correct, and the 

event over time to check if that is correct as well. The red text once again indicates the moves towards 

other parts of the application. 

Figure H-4 presents the draft for the analyze dashboard. A process graph in which the problem cases 

can be compared with the other cases is shown, as well as some bar charts (average processing time, 

rework, resources involved). The goal of these dashboard items is to investigate how the problem cases 

perform compared to the other cases. At the top right, one can see that there are two views for this 

dashboard. The one that is shown here is the overview, no draft has been created for the statistics view. 

The red text shows the defined moves towards other parts of the application. 

The draft for the improvement dashboard can be found in Figure H-5. It contains of a single dashboard 

item which shows the impact that the improvement opportunities for a selected problem have in terms 

of some predefined metrics (in this case DPMO). No links have been defined towards other parts of the 

application. 

Lastly, Figure H-6 presents the dashboard draft for the control phase. Histograms are shown for the 

improvement opportunities of the selected problem to check if the process improved after the 

improvement has been made. Again, no links towards the application have been defined.  
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Figure H-1: Prototype draft for the welcome screen 

 

Figure H-2: Prototype draft for the define phase 
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Figure H-3: Prototype draft for the measure phase 

 

Figure H-4: Prototype draft for the analyze phase 
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Figure H-5: Prototype draft for the improve phase 

 

Figure H-6: Prototype draft for the control phase 
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APPENDIX I   

In this appendix, a more detailed explanation of the actions which should be taken for each of the PMSS 

steps’ activities is presented. These actions are presented in Table 4 – Table 9 in the main part of the 

thesis. 

 PLANNING 

Before actually starting a project, it is important to know why the organization actually wants to do an 

improvement project. Once that has been determined, project reasons can be derived which serve as the 

fundamental basis of the improvement project.  

To have an end goal for the improvement project, business goals should be established. It is important 

to create specific, measurable, attainable, relevant, and time-bound (S.M.A.R.T.) business goals [51]. 

For a Process Mining project, often one of the following goals chosen [26]: improving the performance 

of a business process, or checking its compliance with respect to certain rules and regulations.  

In selecting the business processes that are going to be analyzed, it is important to consider the process 

characteristics and the quality of data [52]. Four types of data quality related problems are defined: 

missing data, incorrect data, imprecise data, and irrelevant data. Although there are some improvements 

that can be made that do not involve the process (e.g., firing employees), the focus lies on improving 

the actual process. Therefore, the adaptability of a business process needs to be taken into account. If an 

organization is unable to modify or improve a process, there is no need in analyzing how this process 

can be improved. Furthermore, the right permissions and access to the information systems linked to the 

business processes that are going to be analyzed needs to be granted [24]. Especially for these last two 

points, it is important to have the project owner leading the project team in order to tackle these issues 

[Appendix G10]. 

Additionally, business questions need to be identified and related to the business goals. It seems most 

logical to identify business questions adhering to the business goals, but it could also be the case that 

business goals get determined based on the business questions identified. In the end, both should relate 

to each other. Defining concrete business questions is essential for a successful Process Mining project 

[41]. In order to make the business questions concrete, they should be related to one or more aspects of 

business processes, e.g., quality, time, resource or costs. 

Furthermore, to ensure a successful Process Mining project, it is key to compose a project team with 

experts from different backgrounds [41], [Appendix G1, G4, G5, G10]. The authors of [26] define a set 

of different roles within a capable project team: business owners (who are in charge of the business 

processes), business experts (who know the business aspects and executions of the processes), system 

experts (who are familiar with the business information systems supporting the processes), and process 

analysts (who are skilled in analyzing processes and applying process mining techniques). Having a 

project team with members occupying the aforementioned roles is believed to improve a Process Mining 

project [26], [Appendix G1, G4, G5, G10]. According to [7], a Six Sigma team should be composed of 

members who work with the process on a routine basis which correspond to the business experts 

mentioned above. It is important to have a list of the people that should be involved throughout the 

project [Appendix G5] in order to know with whom to communicate responsibilities and to notify 

everyone about the project with its corresponding business goals and business questions.  
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Lastly, a preliminary business case should be created based on the output of the previous activities. The 

team should reflect on the conducted activities in the define phase and create the business case which 

serves as main input for the rest of the improvement project [Appendix I7, I8]. 

  PRELIMINARY DATA PREPARATION 

To start with the preliminary data preparation, event data should be extracted from the information 

systems selected in the planning step. In order to keep the Process Mining project manageable, it is 

required to set a scope for the data extraction so that only the information that is relevant to the project 

is being extracted [26]. For example, a project can be bounded by using only data within a certain time 

period, a decision can be made on which data attributes should be considered, data correlation can be 

taken into account, and finally the team should decide on the level of granularity with which event data 

should be extracted. For this preliminary data extraction, the scope should be fairly limited. Just the 

basic data is enough at this point [Appendix G12]. While doing the initial analysis, the team can broaden 

the scope to make it more suitable for the explanatory mining & analysis later in the project. After that, 

it is possible to extract the data which is relevant to the project at this point. The event data can be 

collected from the selected information systems. After retrieving this data, it should be joined and stored 

in a single collection of events, e.g., a table in which each entry represents an event. Additionally, 

because of the fact that a project team consists of people who have very diverse areas of expertise, 

insights can be gained by exchanging knowledge between them. Exchanging information enables the 

analysts to be more effective in the data processing and mining & analysis steps [26], [Appendix G5]. 

In preliminary data processing, it should be determined for which view on the event data the event logs 

should be created, and events should be aggregated. Additionally, it is possible to enrich and/or filter 

the logs to make them even more optimal for the explanatory mining & analysis step. As mentioned 

before, event data should be cleaned in such a way that data quality problems such as missing, incorrect, 

imprecise, and irrelevant data disappear. Depending on the analysis goals of the Process Mining project, 

a specific view can be created on the event data. When analyzing throughput times of an order, the case 

notion – which relates events such that they form a process instance – is considered to be an order. 

However, when analyzing the resource utilization, the case notion should be the resource. Furthermore, 

to reduce the complexity of an event log, events can be aggregated [53]. Two types of aggregations are 

defined: Is-a and part-of [26]. For an is-a aggregation, an event class exists which encompasses multiple 

events that belong to each other but still need to be considered as separate events. A part-of aggregation 

merges multiple events into larger events which represent all the merged events, as is the case with sub-

processes. Next to that, event logs can be enriched with various additional attributes [54]. An event log 

can be enriched in two ways, By computing additional data based on the log itself or by adding external 

data. Waiting times or total costs can be added as computed data attribute while adding information 

about the weather at the time of a certain event is an example of adding external data [26]. Lastly, in 

order to create different perspectives on the same event data, it can be filtered. With the use of filtering, 

it is possible to only use a specific part of the data. Filtering the event log is highly similar to determining 

the scope. However, where the scope is often a bit broader and defined just once, filtering can be done 

multiple times in order to analyze different parts of the data within the scope, as well as to compare 

those different parts to each other. 

To ensure that the extracted data is actually correct and depicts the data that is needed to achieve the 

business goals defined in planning, it should be verified. To start, the basic metrics (i.e., number of 

cases, activities, events, and users) should correspond to the same metrics in the information system that 

the data is extracted from [Appendix G10]. For example, the number of users should be the same for the 

extracted event data as are present in the information system. Furthermore, the team can verify that the 
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data is correct by looking at the events over time. A process analyst should have a sense of what this 

trendline should look like. If abnormalities are found in this trendline, there is a high likelihood that 

there is something wrong with the data. Besides verifying that the data is correct, it can be verified that 

the problem is indeed a problem by using statistical methods [Appendix I1]. Lastly, the team should 

consult with business users that know the business process in order to verify whether the data loaded 

into the application rightfully depicts the process that is loaded into the application [Appendix I2]. 

  EXPLORATORY MINING & ANALYSIS 

Preliminary process discovery is used to discover a process model based on information contained in 

the event log that was created in the previous step. First, in order to be able to assess the discovered 

process model, it is key to understand the meaning of each activity. Then, a process model based on the 

given event log can be created. As discussed in section 2.2 there are many techniques for discovering a 

process model from an event log. For a discussion on different process discovery techniques, the reader 

is referred to [39].  

Conformance checking is used to check the compliance between a given ideal model and the actual 

execution as contained in the event log [24], [55]. It can be used to detect deviations, to locate and 

explain them, and finally to measure their severity [37]. Additionally, instead of checking the 

compliance between an ideal model and the event log, the team can also use conformance checking to 

determine in which degree the discovered model aligns with internal and external requirements [24]. 

According to [24], [56], when the team does exploratory conformance checking, they should determine 

conformance based on replay.  

Lastly, in the exploratory process analysis stage, enhancement is conducted by looking at the process 

performance and organizational perspective. By looking at waiting times, throughput times, or costs, the 

team can find potential problems and gain first insights and in later iterations concrete business 

problems. The same holds for an analysis of the organizational perspective. Additionally, basic statistical 

analysis can be conducted to get more information on how the process is currently performing as the 

team would do in a Six Sigma project. 

Notice that the goal of this step is to take a brief look at the process model to gain insights and find 

potential problems in the process. There is no need for diving deep into the data, this happens at the 

explanatory mining & analysis step.  

  DATA PREPARATION 

In data extraction, the additional data that still needs to be extracted from the information systems is 

extracted. There is no need to determine the scope anymore since the data that should be extracted now 

resides within the scope set earlier. There is also no separate action for transferring process knowledge; 

it is assumed that this has been done properly in the earlier steps. 

The data preparation activity is the same as in preliminary data preparation. The team should clean the 

additional data, create new views, aggregate the events and finally filter and enrich the event logs based 

on the additional data and the insights gained in earlier steps. If there is no additional data that was 

extracted in the previous activity, data processing would only encompass enriching or filtering the event 

logs based on the gained knowledge in the exploratory analysis.  
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Lastly, the data verification step is exactly the same as in preliminary data verification. In this data 

preparation step, all the data that is needed to conduct explanatory analysis is gathered so that the team 

can find the (root) causes for the problems defined with the exploratory analysis.  

  EXPLANATORY MINING & ANALYSIS 

When the additional data retrieved in the data preparation step contains new events, the team should 

again ensure that they understand the meaning of each event in the same way as they did in the 

exploratory process discovery activity. After that, they can discover a process model based on the event 

data. While doing so, they can look at different levels of granularity within the scope in order to find 

potential problems and insights at different points in the model. Lastly, they should analyze sub-

processes independently and in more detail [24].  

This conformance checking step is the same as the one in the exploratory mining & analysis step. 

However, where the conformance was previously defined on replay, it is now desired to use algorithms 

based on conformance alignments since optimal results are desired [24], [59]. 

The process analysis activity is also exactly the same as it was in the exploratory mining & analysis step. 

However, the team should conduct much deeper analysis since the objective is to find the (root) causes 

of the problem rather than the problem itself. The same actions can be taken as before: Performance, 

organizational, and statistical analysis. The performance and organizational analysis do not differ that 

much from the analysis conducted before, they mainly just look at other data and the analysis conducted 

is much deeper. The main difference here lies within statistical analysis. An example hereof is that they 

can use a Pareto analysis, where the causes for a problem are ordered on their contribution, to find out 

the most prominent causes of the problem. Together with that, they can look at the histograms of those 

causes to see whether they have changed over the course of time.  

  PROCESS IMPROVEMENT 

When assessing the improvement opportunities, the team should consider the impact that the 

improvement opportunity has on the overall process [Appendix G6]. In order to do so, they can look at 

different metrics depending on the goal of the improvement project. They can look at cost, processing 

time, DPMO, etc. When the improvement opportunity that would likely yield the most added value has 

been determined, the feasibility of the opportunity needs to be taken into account [Appendix G8]. The 

change manager needs to decide whether or not it is possible to make the changes regarding the 

opportunity. If that is not the case, they can move on to the improvement opportunity which has the 

second biggest impact on the metric the organization wants to improve on.  

For implementing the improvements, only a single action is defined: Improving the process. According 

to all interviewees [Appendix G1-G12], improvement happens on the business side. There are no clear 

actions here that can be conducted with the help of Process Mining. 

  MONITORING 

To determine if the modifications that are made to the process actually improved it or not, the team 

should diagnose the metrics that were used to check which improvement opportunity has the biggest 

impact. By checking how these metrics changed over time, they can get insights into how they changed 

due to the modification. 

Now that almost the whole process improvement project has been conducted, they can establish new 

business problems by reflecting on the analysis done in the project. These newly created business 
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problems can serve as input for another (iteration of the) process improvement project. As stated by 

[Appendix G8, G10], iteratively moving through the DMAIC model by using business problems 

established in the control phase for the new iteration can highly increase the throughput time of the 

cycle.   

  EVALUATION 

In verify and validate activity, the correctness of the improvement findings are investigated. In 

verification, the team compares the findings obtained to the original data and system implementations, 

while in validation, they compare the findings to the claims of process stakeholders [26]. Based on both 

the verification and the validation, they can determine whether or not the modifications to the process 

made sense. Hence, it serves as improvement confirmation. 

Because Process Mining is able to detect cases that are running problematic and predict their future, it 

can provide operational support. To use Process Mining for operational support, it is essential that the 

results are of high quality, and that there is an IT infrastructure in place that links these results to live 

event data [26]. However, it is a form of Process Mining which is only suitable for very structured 

processes [6]. So, this activity should sometimes be omitted. 
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APPENDIX J   

Appendix J contains transcripts of the validation interviews conducted with the Six Sigma and / or 

Process Mining experts. The transcripts are only of the last part of the demonstration and validation 

meetings, where relevant questions regarding the validity of the guideline were asked. For the sake of 

anonymity, names are omitted and the following coding scheme has been used: 

- Six Sigma Experts   (SSE1, SSE3, SSE4, SSE5 and SSE6) 

- Process Mining C-Level  (PMC2 and PMC3) 

- Process Mining Salesperson  (PMS1 and PMS2) 

- Process Mining Consultant  (PMCon2 and PMCon3) 

- Author     (AUTHOR) 

  VALIDATION 1 – SIX SIGMA EXPERT 1 – 29-05-2018 

J1.1  GENERAL INFORMATION 

Table J-1: General information for validation interview 1 

Date 29-05-2018 

Length of the interview 01:26:43 

Name of interviewee [SSE1] 

Experience 2 years with Process Mining, 12 years with Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] & [PMD2] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J1.2  VALIDATION 

[AUTHOR] From now it becomes more fixed, I retrieved some questions from a TAM survey. 

Technology Acceptance Model. We probably already discussed about it but I'd like you 

to give an answer anyway so that I have a complete set at the end of the interview. 

 

[SSE1]  Are you going to see in I give inconsistent answers? 

 

[AUTHOR] No. It's not to check up on you. Do you think that the guideline guides the Six Sigma 

practitioners good enough in when to use which Process Mining techniques? 

 

[SSE1]  Yes. Definitely. 

 

[AUTHOR] Are there any things that are still missing from the guideline? 

 

[SSE1]  No. The only thing that I've mentioned earlier. From a master black belt perspective, I 

still need to integrate your guideline in the traditional Lean Six Sigma guideline because 

I have to train and coach my black belts in the entire process. For me, they cannot be 

separate.  

  

[PMD1] It should not be really an addition but it should also contain the package itself? 
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[SSE1]  Yes. Of course, it could be a module on your black belt training if you are in a company 

with process analytics put into place it should be mandatory. But on more traditional 

companies it doesn't make sense to incorporate it. 

 

[AUTHOR] About the tables that we showed, do you think that the actions there have the right 

granularity? 

 

[SSE1]  Yes, I think so. Definitely. 

 

[AUTHOR] Do you agree with the resources responsible for each step? 

 

[SSE1]  Yes. Where the resource is a role and not a function. 

 

[AUTHOR] Yeah, that is, of course, the case. Did I improve the guideline on all the points that you 

mentioned in the initial interview? 

 

[SSE1]  Yes, and I had some extra additions but all the things that you mentioned in the interview 

earlier I think were incorporated in the guideline. By adding granularity you'll always 

get more remarks. I hope you incorporate them as well. 

 

[AUTHOR] I'll definitely try to do so. Last time and now as well, you mentioned that the guideline 

would be useful. Can you elaborate a little bit more on why you think that is? 

 

[SSE1]  First of all, it is a standard operating procedure. And black belts should spread the 

word about why standard operating procedures are useful. This is useful because it is a 

standard operating procedure. But why it is useful? In my experience in training black 

belts, the hard part is to have black belts operate in a similar manner. Therefore, we 

always focus on the first few projects where I guide the black belts on the phases and 

the activities which should be done in a DMAIC process. By writing them down in a 

guideline with the correct granularity that would help them because they have 

something to hold on to in their first few projects. They can go back to it if they, after a 

while, do another project where they did perhaps not use process analytics. Then start 

again in a new project where they do they have their guidelines ready. It saves me as a 

master black belt a lot of time in retraining and coaching them. Is that answer clear 

enough? 

 

[AUTHOR] Yes, it is. It makes it for you easier to train them? 

  

[SSE1]  Yes. 

 

[AUTHOR] Does it also make them more effective? 

 

[SSE1]  Yes, I think so. It's a tricky question. In the end, it does. If you look at a single project 

base it is hard to tell if it makes them more effective. But, in the long run, having them 

operate in the same way between each other would make them more effective. They can 

learn from each other, share their experiences. By having a fixed way of doing their 

work, they will become more effective. So, in the end, yes it does. 

 

[AUTHOR] That also holds for the tool support? 

 

[SSE1]  Yes. 

 

[AUTHOR] I wanted to ask something about the ease of use. Do you feel that it was easy to use?  
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[SSE1]  The guideline and the tool support? Yeah, definitely. The guideline is self-explanatory 

and the tool support is very easy to use. With the additional that it would be even more 

easy to use if you add some templates on traditional lean analysis. Waiting time, lead 

time, rework, etc.  

  

[AUTHOR] So can the diagram be improved and made more clear and understandable or do you 

think it is okay like it is? 

 

[SSE1]  The only remark I have is because it is based on process analytics, there are shifting 

activities between the measure and the define phase. You can do a little bit of your 

measure phase in the define phase. That is not traditional DMAIC, but it improves the 

process. It should be elaborated on why these activities would shift.  

  

[AUTHOR] It is kept like this because we wanted to follow the traditional DMAIC. 

 

[SSE1]  Sure. It is very good to keep it like this. But, if you have a traditional black belt who is 

not aware of process analytics he would comment on why you would do data 

preparation and exploratory mining & analysis in the define phase, that's the measure 

phase! Explaining why you have shifted those activities, and why it can be done makes 

it a little bit better. 

 

[AUTHOR] Okay, makes sense. So, the tables were clear? Should they be improved on any point? 

 

[SSE1]  No. They're fine.  

  

[AUTHOR] The tool support was okay as well? 

 

[SSE1]  Yeah. 

 

[AUTHOR] Perhaps add some charts? 

 

[SSE1]  Yeah. Control chart and capability analysis. 

 

[AUTHOR] I'll look into that. 

 

[SSE1]  Perhaps also make it possible to do the hypothesis tests in the tool. First of all hypothesis 

test if your data is normal or non-normal. Then secondly a test between your x'es and 

your y to see if they actually correlate. If that could be incorporated it would make it a 

lot easier. Or, if it's possible to do some very quick data extraction so that you can do 

your hypothesis test in MiniTab or SPSS for example. 

 

[AUTHOR] Okay, that makes sense. Assuming that you'd have access to the guideline, the tool 

support, all of that. Would you want to use it?  

  

[SSE1]  Yes, definitely. Yeah. 

 

[AUTHOR] To train your black belts? 

 

[SSE1]  Yeah, to train black belts. 

 

[AUTHOR] Okay, great. When you'd compare the whole package to other guidelines you've seen, 

I'm sure you've seen plenty. Do you think the quality is okay? 

 

[SSE1]  I wish I was able to write such clear guidelines myself. 
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[AUTHOR] Thanks! Okay, great. Then I've got a question that if you could change anything on all 

of it, what would be the biggest thing? 

 

[SSE1]  The biggest change probably will be incorporating it into the complete DMAIC 

background. Having one standard operating procedure incorporated with Process 

Mining.  

  

[AUTHOR] Yeah. Okay. Then I've got the closing question. Would you recommend it to your Six 

Sigma practitioner friends? 

 

[SSE1]  Yes, I will! 

 

[AUTHOR] Okay, thanks, that were the questions that I wanted to ask. 

 

[SSE1]  Great. 
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  VALIDATION 2 – PROCESS MINING C-LEVEL 2 – 31-05-2018 

J2.1  GENERAL INFORMATION 

Table J-2: General information for validation interview 2 

Date 31-05-2018 

Length of the interview 01:03:20 

Name of interviewee [PMC2] 

Experience 10 years with Process Mining, heard from Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J2.2  VALIDATION 

[AUTHOR] Do you think that the guideline is useful? 

 

[PMC2] Yes. 

 

[AUTHOR] Why? 

 

[PMC2] Because it helps you to guide you through certain steps in order to get to a certain goal. 

That is important from a sales perspective. To go to customers and say that this is the 

approach that we can give you to come to the end results. But, also for demonstrating 

purposes that we have a guideline where you can really have a process improvement 

project from the beginning to the end. Which we didn't have before. 

 

[AUTHOR] Okay. And when you'd deploy this in a Six Sigma management, do you think it would 

enable them to go more quickly through the DMAIC model? 

 

[PMC2] Yes, because they will have a direct relation to how they think and how they can work. 

It will always improve I think the way they can do their work more efficiently. Because 

they have terminology and steps that they really can put against their own methodology. 

It's the same methodology, but guidelines. So that will help them, yes. 

 

[AUTHOR] So they will be more effective? 

 

[PMC2] I think so. Even though it is not a Six Sigma company. If they don't have a Six Sigma 

approach, then we could still offer them this to help them to have a streamlined process 

from define to control and the whole way back. This can be something that we put in 

our own development strategy guidelines as well.  

 

[AUTHOR] Do you have any explicit points on which it can be improved to make it even more 

useful? 

 

[PMC2] Yeah, but we discussed most of them I think already. Roles, description of the roles, 

some minor changes in input and output of the steps. Also, in the tool itself, you can add 

different perspectives and not only one perspective. Somehow correlate it with the 

business value of your changes in the control phase. Those are the most important 

points.  
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[AUTHOR] Okay. Did you feel that the guideline, the steps, the tool support are easy to use?  

 

[PMC2] Yeah. Clear steps, clear boundaries, clear easy phases.  

 

[AUTHOR] Can it be made any easier? 

 

[PMC2] That's a tricky question. Everything can always become much easier. But, easiness will 

also lose some functionality as well. I'm not sure if I'm, at this phase, willing to give that 

up. 

 

[AUTHOR] So, the complexity that's there is needed to cover all...? 

 

[PMC2] Yeah, I think for now yeah. I'd definitely not make it easier as it is already. I think people 

would rather have more controls in the end and go deeper into the data than they have 

now. Then they have a way around, but that makes it complex. So, that's always a hard 

balance. This is with a process where you just start with something and see where you 

come up against and then improve it based on the feedback you get. So, for now, I'd 

leave it as it is. Just test it. 

 

[AUTHOR] Okay. If you'd have access to the guideline and such tool support, would you want to 

use it? Would you like to deploy it? 

 

[PMC2] If there is enough business value I would. Sure. It's all about if it does it improve my 

business in the end. If it does, I don't know up front because I don't know the issues and 

the problems we're facing yet. If I would be in a company and there were certain 

problems related to processes and data then this is definitely something that I'd be 

willing to try.  

 

[AUTHOR] Okay, awesome. 

 

[PMC2] Would you recommend the guideline and the tool support to Six Sigma people? 

 

[AUTHOR] Sure I would. Because of the first thing I said in the first question you had, I think it 

would really help them to have a relationship between their way of working and using 

the tool. So, it always helps when you get as close as you can to the way people think. 

 

[PMC2] Okay, nice. That was it. Thanks for your time. 

 

[AUTHOR] You're very welcome.  
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 VALIDATION 3 – PROCESS MINING SALESPERSON 2 – 31-05-2018 

J3.1  GENERAL INFORMATION 

Table J-3: General information for validation interview 3 

Date 31-05-2018 

Length of the interview 00:57:51 

Name of interviewee [PMS2] 

Experience - 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J3.2  VALIDATION 

[AUTHOR] The guideline aims to show Six Sigma practitioners how and when to use Process 

Mining. Do you think that the guideline is useful in guiding them? 

 

[PMS2]  Absolutely.  

 

[AUTHOR] Why do you think so? 

 

[PMS2] Because the different phases are very clear and transparent. You know exactly what to 

do in which phase. 

 

[AUTHOR] Do you then think that Six Sigma practitioners can do the tasks that they have to do 

more quickly and efficiently? 

 

[PMS2] I’m not sure about that. But in the combination with Process Mining, they will be able 

to be more efficient. Process Mining, our tooling, is of course not a goal in itself but 

supporting them in doing their job. 

 

[AUTHOR] I understand. So, do you see any way to improve any of it to make it even more useful 

or do you think it is good like it is?  

 

[PMS2]  For the moment I think it is good as it is. 

 

[AUTHOR] Do you also think that the guideline is easy to use? 

 

[PMS2] I think that if you have the application as you demonstrated it with the different phases 

and the guideline next to it. Then I'm sure that a Six Sigma practitioner should be able 

to use it. 

 

[AUTHOR] Okay, great. So, you also wouldn't see an opportunity to make it even clearer or 

understandable?  

 

[PMS2] I think it's a combination of the application, the tool support as you've created it, and 

the guideline.  
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[AUTHOR] Okay, great. Assuming that you'd work at a company in which you'd have to do such 

improvement projects and that you'd have access to the guideline and the tool support. 

Would you want to use it?  

 

[PMS2] Yeah, it would be stupid if not. It's like with every new thing you have to convince people 

to really use it. But, for me personally, I'd use it. 

 

[AUTHOR] That’s awesome. Have you ever seen other guidelines? Can you say something about 

the quality of this one compared to other ones you’ve seen or is that out of scope? 

 

[PMS2] No, at my former employee we also had Process Mining available. What we did was not 

really Process Mining, but process mapping. We had a Lean Six Sigma model built into 

our solution. It’s not exactly the same, but I recognize the different phases and in the 

process mapping tool it was not possible to really work with data. It was more a 

theoretical description. This is more practical. 

 

[AUTHOR] Yeah. It's a bit of a combination. Theoretical you have the tables and for practice, you 

have the tool support I think.   

 

[PMS2] Yeah, it's more like the execution of the Lean Six Sigma approach, if you know what I 

mean. 

 

[AUTHOR] Yeah, I understand what you mean. I think you've already mentioned it, but if you could 

change anything on the guideline, what would you change?  

 

[PMS2]  What did I mention? 

 

[AUTHOR] That it was okay like it was, that you wouldn’t want to change that much. Perhaps 

 something came to mind? 

 

[PMS2]  No, thank you. 

 

[AUTHOR] Last question, would you recommend the guideline to Six Sigma practitioners that you 

know if they would ask? 

 

[PMS2] I already understood from [SSE1] that this is really a great approach. So, let's keep it 

like that. I'd absolutely advice Lean Six Sigma people to use it. 

 

[AUTHOR] Okay, awesome. That's it.  
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 VALIDATION 4 – PROCESS MINING CONSULTANT 3 – 01-06-2018 

J4.1  GENERAL INFORMATION 

Table J-4: General information for validation interview 4 

Date 01-06-2018 

Length of the interview 00:47:55 

Name of interviewee [PMCon3] 

Experience 6 years with Process Mining, 6 years with Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD2] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J4.2  VALIDATION 

[AUTHOR] Then I have some closure questions. They are to help me validate the guideline. We 

already discussed few of them but I'd like to get your answers anyway so I have all the 

questions at the end of the interview. Do you think that the guideline effectively shows 

Six Sigma practitioners how and when to use Process Mining in their projects? 

  

[PMCon3] Yes, I do think so. 

  

[AUTHOR] Can you elaborate on that? 

  

[PMCon3] Because those Lean Six Sigma guys are guys which are very precise and want to have 

guides or guidelines to support them. They are analyzing in a very structured way and 

also want to know how Process Mining can contribute to that. So, when we are able to 

present that also in a structured and predefined way, then I think that those people will 

benefit from that. They will also be convinced of Process Mining in general. There is a 

lot of discussion about how Process Mining can contribute to Lean Six Sigma or Six 

Sigma in general. Therefore I think it's quite useful to have it. To have a guideline like 

this. 

  

[AUTHOR] Do you think it can be improved to make it even more useful? 

  

[PMCon3] Yeah, definitely. 

  

[AUTHOR] In what way? 

  

[PMCon3] I'm not a Lean Six Sigma expert. So, I don't know exactly. But I can imagine that you 

can extend on certain topics. For instance, the measure part, or the improvement part, 

can be extended I think. I know that Lean Six Sigma guys use a lot of techniques and 

mathematical tricks I'd say to help understand the data and come up with ideas and 

improvements. Therefore I think when you talk to a lot of Lean Six Sigma guys they'll 

come up with some other ideas I think. For each phase maybe. So, yes. I'm convinced 

that it can be improved. But, I think that this is quite nice already. 

  

[AUTHOR] Thanks. Did you feel that the guideline was easy to use? 

  

[PMCon3] Yes, yes. 
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[AUTHOR] Okay. Can the diagram, the one I showed you first, also be improved to make it even 

more clear and understandable or is that okay as it is? 

  

[PMCon3] Well, it's quite square. So, maybe some cosmetics or maybe an animation you can add 

to that. Something like that. But, in essence, it's a good guideline. It's understandable 

and it's even quite easy to understand.  

  

[AUTHOR] Okay. Assuming that you'd have access to the guideline, the tool support, and all the 

stuff, would you want to use it or tell people to use it? Do you think it's that good? 

  

[PMCon3] Yeah, when I talk for myself I think I'll use it. That's more because I'm curious about 

what will come out when we go through it. When we put on the Six Sigma glasses. 

Therefore I'd certainly go through it. To find out if something new comes out. Because 

to me you look at a different level to the same data. You can look in multiple ways at 

data of course and do a lot of analysis, but this is quite unique to me. So, the outcomes 

are also unique. Maybe they are very useful. So, yes. I'd certainly make use of it. Of 

course, people who are already familiar with Six Sigma will use it I think.   

  

[AUTHOR] So, you'd recommend it to your Six Sigma friends? 

  

[PMCon3] Yeah, definitely. Also to non-Six Sigma guys I think. Because you made it quite easy to 

use it. So, also guys who are not that familiar with Six Sigma can make use of it. That's 

quite nice I think. 

  

[AUTHOR] Okay, great. That's it then for now. 

  

[PMCon3] Great, great. Very good stuff.  

  

[AUTHOR] Aah, thanks. Thanks for your time. 

  

[PMCon3] No problem. 
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 VALIDATION 5 – PROCESS MINING CONSULTANT 2 – 01-06-2018 

J5.1  GENERAL INFORMATION 

Table J-5: General information for validation interview 5 

Date 01-06-2018 

Length of the interview 00:52:26 

Name of interviewee [PMCon2] 

Experience 2 years with Process Mining, 1 year with Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J5.2  VALIDATION 

[AUTHOR] Okay. So, do you think that the guideline supports more effective use of Process Mining 

techniques within a Six Sigma deployment? 

  

[PMCon2] Yeah. I think it does. First it introduces the Six Sigma DMAIC cycle and how Process 

Mining can support each of the different elements or phases. It gives a clear description 

of the responsibilities and activities. Also the specific tasks that should be done in order 

to incorporate Process Mining into the Six Sigma cycle. The guide also makes use of 

Process Mining but is also aware of the fact that not everything can be solved by Process 

Mining. So, of course you also need some validation, or some preparation in advance 

which just needs to be done by the people involved in the Six Sigma team. 

  

[AUTHOR] Okay, great. Can it be improved in any way to make it even more useful? 

  

[PMCon2] I find this a hard question. I don't see any big improvements at this moment. 

  

[AUTHOR] Okay, that's nice. Did you feel that the guideline would be easy to use? 

  

[PMCon2] Talking about the guideline, I think it's quite easy to use and can be used as a good 

reference as well. Because everything is explained, high-level steps as well as more low-

level steps. Everything could easily be read at a later moment in time, just to use really 

as a guideline. Think for each step on what do we need to do. It covers most of the steps 

that need to be done in order to prepare the data for the Process Mining and incorporate 

its insights into the DMAIC cycle. Also, the tool support is very structured into the 

different steps. That way linking back to the model. The tool support has a clear 

structure from step to step and supporting people in the improvement method. 

  

[AUTHOR] Okay, nice. Assume that you're working in a Six Sigma kind of setting and you'd have 

access to the guideline and the tool support. Would you want to use it?  

  

[PMCon2] Yeah. Yeah, I'd use it. 

  

[AUTHOR] Okay, that's nice. 

  

[PMCon2] Can you say something about the quality of the overall package when you'd compare it 

to some other guidelines or methods that you have seen?  
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[AUTHOR] Yeah, I'm not really familiar with other guidelines or methods. So, I can't really give a 

good comment on this. 

  

[PMCon2] Okay, that's fine. 

  

[AUTHOR] Then, the final question, would you recommend the guideline to Six Sigma people? 

  

[PMCon2] Yeah, I would. Mainly because it clearly shows that Process Mining can be used for Six 

Sigma. But also mainly as an addition or really supporting Six Sigma and not as a 

replacement. Because sometimes I feel that people fear that it will replace them or 

complete parts of the Six Sigma cycle. But I think that this guide makes it clear that you 

can use elements of it in the Six Sigma cycle. I think it has a lot of links with the Six 

Sigma theory, or at least the framework. 

  

[AUTHOR] Okay, great. That were the questions that I wanted to ask. Thanks for your time and 

effort. 

  

[PMCon2] No problem, you're welcome.  
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 VALIDATION 6 – PROCESS MINING SALESPERSON 1 – 01-06-2018 

J6.1  GENERAL INFORMATION 

Table J-6: General information for validation interview 6 

Date 01-06-2018 

Length of the interview 00:51:58 

Name of interviewee [PMS1] 

Experience 5 years with Process Mining, heard from Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker - 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J6.2  VALIDATION 

[AUTHOR] Do you think that the guideline supports more effective use of Process Mining 

techniques within a Six Sigma deployment? 

  

[PMS1]  With the tool support, definitely. Just the guideline, probably, I think so. 

  

[AUTHOR] Can you elaborate on why? 

  

[PMS1]  First of all, I don't know how much experience people have with Process Mining and 

Six Sigma. Even if they don't have any experience it's a really helpful way for them to 

start doing it. Then, the other point is, if you have experience but you don't have a 

framework or guideline to guide you then you might forget stuff that's important. Unless 

you've done it like a million times or something. But then this is a nice support to help 

you do the right things. With the tool it's all very intuitive I guess. It shows you 

immediately what you need to look at and it really guides you through it. That's also 

nice. 

  

[AUTHOR] Okay. So, overall you think it's useful?  

  

[PMS1]  Yes 

  

[AUTHOR] Can it be improved to make it even more useful? If so, how? 

  

[PMS1]  Which one? 

  

[AUTHOR] All of it. 

  

[PMS1]  For the guideline I don't know. From now, from this perspective I cannot think of that 

much. But, probably, what you see in most cases, when people actually start working 

with it in practice they'll provide feedback. Then you really stumble into stuff that is 

maybe not that clearly defined as you thought in the beginning, or that something might 

be missing. Then, probably something will come up. But that's fine. For the tool, it looks 

really great. Just some small measure changes, a little bit more detail in some cases 

which we already discussed.  

  

[AUTHOR] Okay, did you feel that the guideline is easy to use? 
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[PMS1]  I think so, it's a bit overwhelming at the beginning maybe. But, you definitely need all 

the things that are in there. There is nothing that I would leave out when I look at it 

now.  

  

[AUTHOR] And the same holds for the tool support? 

  

[PMS1]  Yeah. 

  

[AUTHOR] Assuming that you'd have access to the guideline and the tool support and that you'd 

work in a kind of Six Sigma deployment. Would you want to use it? 

  

[PMS1]  Yeah. Sure. Especially the software, that's awesome. No, no, I think so but I'm almost 

never in that situation.  

  

[AUTHOR] Then I've got a question on which you might not have the answer. Are you familiar with 

other kind of guidelines? Can you then compare the quality of this total package with 

those? 

  

[PMS1]  I can't. Sorry. 

  

[AUTHOR] It's fine. Okay, then I've got the last question. Would you recommend the guideline to 

Six Sigma practitioners you know or to Process Miners in general? 

  

[PMS1]  Yeah, I think so. Very much. I think it's really cool. It's a structured way of doing Six 

Sigma using Process Mining. It are two fields that can really benefit from each other. 

So, yeah, sure! 

  

[AUTHOR] That's all I wanted to know. Thanks. 

  

[PMS1]  No problem. It's very cool. 
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 VALIDATION 7 – SIX SIGMA EXPERT 3 & 4 – 05-06-2018 

J7.1  GENERAL INFORMATION 

Table J-7: General information for validation interview 7 

Date 05-06-2018 

Length of the interview - 

Name of interviewees [SSE3] & [SSE4] 

Experience [SSE3]: 17 years with Process Mining, 3 years with Six Sigma 

[SSE4]: 3 years with Process Mining, 3 years with Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD2] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J7.2  VALIDATION 

This interview is the only interview that followed a different approach. The interviewees got the visual 

overview and the tables beforehand so that they could already take a look at it. Because of this, they 

looked at the guideline without context and explanation, which might have led to different opinions than 

when it would have been presented like it was in the other interviews. Unfortunately, there is no audio 

recording available for this interview. A short summary of the main points that were addressed during 

the interview is presented below. Its content has been verified by the notetaker, [PMD2]. 

The main point that was made by the interviewees was that it seemed like a Process Mining methodology 

mapped to the DMAIC model of Six Sigma where they would have expected it to be the other way 

around. So, they would have created a mapping from a different perspective. Because of the chosen 

perspective, the link between Process Mining and the existing tools and techniques in the DMAIC toolkit 

is not explicit enough. For example, tools like Voice of Customer and SIPOC charts are traditionally 

used in the define phase in order to set up the improvement project. As they understand it, there is no 

direct link between those existing tools and Process Mining in the guideline. They have the same opinion 

for the other phases.  

The value that Process Mining adds to improvement projects is that it is possible to look at the whole 

dataset while the statistical methods from Six Sigma often only look at samples. This benefit from using 

Process Mining should be made more explicit.  

The measure dashboard should focus more on output analysis. One could look at key performance 

indicators (output), process performance indicators (ppi), key compliance indicators (kci), and key risk 

indicators (kri). 

The value from the guideline comes from combining ‘process intelligence’ with ‘business intelligence’. 

They see this most explicitly in the analyze-statistics dashboard, where a Pareto chart is shown next to 

histograms. Valuable additions to the tool support would be to include more traditional tools like control 

charts, distribution analysis, value stream mapping, etc.  

The tool support is designed with the intention to create generic dashboards which one can use for all 

kinds of problems. What they’d like to see are some sort of versions for the tool support to cope with 
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specific problems. For example, when the problem would be rework, the dashboard should be tailored 

explicitly to analyzing rework. 

The closing questions about the usefulness and ease of use have not been asked due to time constraints. 

However, from the survey that was filled in by [SSE4] we learned that the guideline is considered to be 

useful, that the opinion about the perceived ease of use was neutral, and that [SSE4] did not really had 

the intention to use the guideline.  
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 VALIDATION 8 – SIX SIGMA EXPERT 5 – 06-06-2018 

J8.1  GENERAL INFORMATION 

Table J-8: General information for validation interview 8 

Date 06-06-2018 

Length of the interview 01:24:03 

Name of interviewee [SSE5] 

Experience 5 years with Process Mining, 1 year with Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD2] & [PMC2] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J8.2  VALIDATION 

[AUTHOR] Are there any additions or comments on the guideline? 

 

[SSE5]  I don't think so. In general I think you did a good work. It sounds like you have 

something that really is worth testing in a real setting. That would be my 

recommendation. Start playing with it and see if it works.  

 

[PMC2] That's our slogan: stop guessing, act on facts! 

 

[SSE5]  It makes sense. So, [AUTHOR], do it.  

 

[AUTHOR] Ha-ha, okay, then I've got some final questions. First question: do you think that the 

guideline can be used to more effectively perform Six Sigma activities with the help of 

Process Mining? 

 

[SSE5]  Yes, I think it can definitely help in guiding people through the phases better. Especially 

by making it clear when is the phase and when do we go to the next phase, etc.  

 

[AUTHOR] Do you also think that the granularity of the accompanying tables, which form the 

standard operating procedure, is okay? Would you like to see that in more detail? 

 

[SSE5]  No, I think the detail is good. I think it helps. Maybe a point of improvement is that they 

are very dry. It's just a table. It's not very appealing. You can use it as a description but 

it is not really appealing to the eye so to say. But, I think the way that the table describes 

what you do everywhere is very useful and very helpful. So, finding a way to make it a 

bit more appealing would be my advice. 

 

[AUTHOR] Okay, I'll look into that. Then I've got a very broad question. Do you think that it is 

useful? The first question was a little bit different. It was, can it be used to go more 

effectively through the phases. This question is do you think that the guideline is useful. 

 

[SSE5]  Yeah, I think it's definitely useful. It helps people to better understand what they have to 

do everywhere and it guides them through it. I think that guidance is very, very 

important. So, always having the broader view of the whole project. Then, also being 

able to quickly go back from a later phase to a previous phase. So, what did we exactly 

decide in the define phase, what was exactly our goal? Do we still have that in mind? 

Or, when you are in the analysis phase, or the improvement phase, what was exactly 
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our baseline measurement? What did we agree upon? What are the metrics? What are 

the numbers? I think, that way to see whole overview and being able to go back and 

forth is very valuable apart from the guidance that you offer.  

 

[AUTHOR] Okay, alright. Did you feel that the guideline is easy to use? 

 

[SSE5]  Yeah, I think it is pretty easy to do. You don't need to know a lot in advance to start 

using it. Yeah. 

 

[AUTHOR] Then I'll ask the final question. Assuming that you'd have access to the guideline and 

the tool support and that you were working in a Six Sigma project, would you want to 

use it?  

 

[SSE5]  Yes. Absolutely.  

 

[AUTHOR] Okay, awesome. Then we shall stop talking. I want to thank you very much for your 

time. 

 

[SSE5]  You're welcome. Good luck with your thesis. 

 

[AUTHOR] Thanks. 
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  VALIDATION 9 – PROCESS MINING C-LEVEL 3 – 08-06-2018 

J9.1 GENERAL INFORMATION 

Table J-9: General information for validation interview 9 

Date 08-06-2018 

Length of the interview 01:07:24 

Name of interviewee [PMC3] 

Experience 10 years of Process Mining, heard from Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD2]  

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J9.2 VALIDATION 

[AUTHOR] So that's the tool support. That are the three parts of the guideline. I've got some 

questions for you. When you think of the guideline, all three parts. Do you think that 

the guideline can be used to more effectively perform Six Sigma activities with the help 

of Process Mining?  

 

[PMC3] With the remarks that I just made, I think yes. 

 

[AUTHOR] Can you elaborate on why? 

 

[PMC3] Because there is no concept of process within Six Sigma, I think that's the most important 

contribution here. Providing Lean Six Sigma with process models that are automatically 

generated. The other thing is that this provides end-to-end DMAIC support in one tool, 

that's very relevant. There is very little of this type of support, so that's very important. 

But, again, take care of bridging the gaps we just mentioned. Making sure that this is 

incremental using short cycles. Secondly, what about statistics? Thirdly, is the 

implementation such that Six Sigma, Lean professionals will embrace the visualizations 

that are shown? But, in general, yes, the answer is yes. 

 

[AUTHOR] Okay, great. We talked about the tables and the resources responsible for the steps. The 

granularity of the tables was okay? 

 

[PMC3] Yeah. But, please make that as agile as possible. I think that that's an important 

contribution that the data approach can make to Lean. Do it agile, small steps. To give 

you an example, I was asked to participate in a large program of the province and 

consultants came in and said that they were going to make companies database/data 

minded. To do that, we're going to set up plans on how to develop data businesses. Then 

I said, well, maybe that's a good idea for other types of business. The beauty of the data 

business is that you can just start with it. Grab a dataset with a good idea back in your 

head and start working on that. So, that's the good thing about working with data. 

There's something that we may bring across to the Six Sigma community.  

 

[AUTHOR] Yeah, Okay. I'll take the agile thing into account. I'll have a thought about that. Do you 

think that the guideline is easy to use? Why do you think so? 

 

[PMC3] The tables? 
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[AUTHOR] The combination of the visual overview, the tables, and the tool support.  

 

[PMC3] I think that to use your guidelines, you still need a data expert to... For instance, when 

you say something like 'select information systems', there's a world of expertise behind 

that. So, this is not something that you just give to a Six Sigma professional and then 

say think about the information systems. More detail is needed there. But, this can and 

should be supplied by people that are knowledgeable in Process Mining. On the other 

hand, we do have Six Sigma people that know about data because they work with it. So, 

it's partly their existing expertise and partly it is expertise that needs to come from 

people that are knowledgeable about Process Mining.  

 

[AUTHOR] That's also why the data analyst should be responsible for the data preparation.  

  Because he knows about that stuff. 

 

[PMC3] Yeah. Working with data is not just something technical. It's also knowing how to do it, 

how to use it. 

 

[AUTHOR] That's true. Thanks for the input. Thanks for your time. 

 

[PMC3] You're welcome. 
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 VALIDATION 10 –  SIX SIGMA EXPERT 6 –  13-06-2018 

J10.1  GENERAL INFORMATION 

Table J-10: General information for validation interview 10 

Date 08-06-2018 

Length of the interview 01:02:08 

Name of interviewee [SSE6] 

Experience 8 years of Process Mining, 14 years of Six Sigma 

Name of interviewer [AUTHOR] 

Notetaker [PMD1] & [PMD2] 

Subject Validation interview regarding how to perform Six Sigma activities more effectively 

with the help of Process Mining techniques.  

Goal To validate the guideline, the tables, and the tool support. 

J10.2 VALIDATION 

[AUTHOR] For the tool support, do you think that it is sufficient as it is or would you want to 

change anything? 

[SSE6]  Well, no. I'd definitely start using it. There will probably be some improvements along 

the way. But, I think this is very, very useful. 

[AUTHOR] Ok, cool! Then I've got some questions. They are to validate the design as it is right 

now. We covered part of it already but I'd like to ask the questions anyway so I've got 

everything at the end of the interview. Do you think that the guideline can be used to 

more effectively perform Six Sigma activities with the help of Process Mining?   

[SSE6]  Yes! 

[AUTHOR] Why? 

[SSE6]  Because first of all it gives a very structured way of analyzing a process. It actually 

guides you towards defining problems, finding the right data, looking at (root) causes, 

implementing an improvement and see what the effects are. Actually seeing the effects 

of the improvements. 

[AUTHOR] Ok, great. Do you think that the accompanying tables form a good standard operating 

procedure? 

[SSE6]  What do you mean by the standard operating procedure? 

[AUTHOR] What we want to do with the tables is to give a structured way, a standard way, in doing 

the project. By specifying the activities and more explicitly the actions that they need to 

take, we try to standardize the activities and the steps that they need to do in each phase 

of their DMAIC model. That's what I mean with a standard operating procedure.  

[SSE6]  Aah, ok. So, actually performing the steps in the right order from a Six Sigma 

perspective? 

[AUTHOR] Yeah. 

[SSE6]  Yes, it's helpful. 
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[AUTHOR] Do you agree with the responsible roles for each step? 

[SSE6]  On the first impression, I think it looked ok. It depends on the project as well I think. 

From my experience, it sounds reasonable what you've put down there on paper. 

[AUTHOR] So, when it would deviate, what kind of project would it then be? 

[SSE6]  Well, maybe in projects where not everything can be extracted from data or log files, 

we have manual labor as well. That's probably always the challenge in Process Mining 

and Six Sigma as well. When you have all the data, it is a bit easier than when there are 

manual steps as well.  

[AUTHOR] Yeah, so that's also why it's the role that is responsible, but the person cannot do it on 

its own. They are with a project team of all roles. 

[SSE6]  Yeah. 

[AUTHOR] We have the opinion that all people are necessary for each step but that there is a clear 

role responsible for it.  

[SSE6]  Yeah, obviously. Agreed. 

[AUTHOR] Do you think that the guideline was easy to use? 

[SSE6]  Yeah, it was easy to use. I mean, we've covered some questions earlier on. I think it's 

very self-explanatory. So, I think it's very useful. 

[AUTHOR] That's nice! Assuming that you'd have access to the guideline and the tool support to 

conduct your projects with, would you want to use it? 

[SSE6]  Yes, I would. Maybe you should consider renaming it. A guideline is not really a sexy 

name. But I'll leave that up to you. 

[AUTHOR] What would be your suggestion? 

[SSE6]  I'd have to think about it. Guideline sounds like you have to follow something instead of 

this is going to help you, or this will speed up the results. Nothing pops up. I mean, 

maybe a suggestion to think of something that gives a little bit more energy in improving 

something, instead of that you have to follow something, a guideline.  

[AUTHOR] Yeah, I'll think about it. I'm not sure yet. 

[SSE6]  Maybe drop the question with the marketeers or something. 

[AUTHOR] Okay, if you could change anything what would you change? 

[SSE6]  I think the dashboard we discussed in the beginning. To set up KPI's or guidelines or 

goals and to see how far you're away from reaching your goals. That would be 

something that adds value for me. 

[AUTHOR] That was in the measure phase right? 

[SSE6]  Yeah.  
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[AUTHOR] Okay, great. Would you also recommend the guideline to other Six Sigma practitioners?  

[SSE6]  Yeah, I would. Not that I'm a very active Six Sigma practitioner but I would, definately. 

[AUTHOR] You have the knowledge, that counts! 

[SSE6]  Okay! 

[AUTHOR] That were the questions, thank you. 

[SSE6]  You're welcome.  
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APPENDIX K   

This appendix presents screenshots of the tool support that has been created on top of the ProcessGold 

platform.  Figure K-1 shows the welcome screen which is shown when Six Sigma practitioners would 

open the application. 

The dashboard that can be used in the define phase can be found in Figure K-2. It contains three modules. 

It shows the process graph (#1), a bar chart which shows the average processing time of cases (#2), and 

a bar chart that shows how much certain attributes or resources contribute to that average processing 

time (#3). 

Figure K-3 contains the dashboard that can be used in the measure phase. The dashboard is mainly used 

to verify that the data that is loaded into the tool is correct. Modules #1-#4 show respectively the number 

of cases, events, activities, and users. Module #5 shows the average number of times that activities are 

repeated per case. The open and close activities can be verified with respectively module #6 and #7. 

Lastly, the events over time are shown in module #8. 

The first view of the analyze dashboard is shown in Figure K-4. This dashboard shows the general 

overview. The main module is a process graph in which two processes can be compared (#1). Besides 

that, there is a bar chart which compares the average processing time of problem cases with the average 

processing time of the other cases (#2). Additionally, there is a bar chart in which the contribution of 

resources to the problem cases and the other cases can be compared (#3). The last bar chart that is shown 

here is one that shows the number of times that an activity is repeated within a (problem) case (#4). 

Module #5 shows the DPMO and module #6 shows the workload over time. 

The statistics view is presented in Figure K-5. It shows a Pareto analysis (#1) and where the 

improvement opportunities originate from is shown over time (#2). 

Figure K-6 contains the dashboard that is used in the improve phase. It consists of two modules. The 

first one shows the impact of the improvement opportunities for a selected metric (#1) and the second 

one shows the improvement opportunity over time (#2). 

The last dashboard that is created for the prototype is the one that is used in the control phase and can 

be found in Figure K-7. It contains a single module which shows how the causes contribute to the 

problem over time (#1) and it can be used to check whether the changes to the process actually improved 

it.  
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Figure K-1: Screenshot of the welcome screen 
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Figure K-2: Screenshot of the define dashboard 
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Figure K-3: Screenshot of the measure dashboard 
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Figure K-4: Screenshot of the analyze overview dashboard 
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Figure K-5: Screenshot of the analyze statistics dashboard 
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Figure K-6: Screenshot of the improve dashboard 
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Figure K-7: Screenshot of the control dashboard 


