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ABSTRACT 
Process models are among the principal artefacts used for managing design projects. However, the 
selection of effective modelling approaches can be difficult for design project managers, given that a 
plethora of tools exists for various modelling purposes. In addition to date no systematic approach for 
the assessment and selection of process modelling approaches is available to practitioners. This paper 
presents the development of criteria for benchmarking and selecting different process modelling tools. 
The results are based on three elements. (1) In a four-hour workshop undertaken by the Design 
Process SIG of the Design Society, bringing together around 20 international researchers and 
practitioners in design process modelling, an initial set of 58 criteria were brainstormed and 
consolidated during the workshop and in follow-up meetings. (2) The consolidated criteria were then 
compared with literature. The finalised criteria list was then validated by external experts in industry 
(3). The resulting list of 12 criteria provides a sound basis for practitioners to support a systematic 
selection of process modelling approaches. Further, it lays the foundation of a benchmarking tool, 
which is subject to future work. 
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1 INTRODUCTION 

Complex products are designed by dozens and sometimes hundred and thousands of people over long 

periods of time. These processes need to be planned, coordinated, and monitored throughout the 

product development process. Individuals need to understand how their activities fit into the activities 

that others carry out. Browning and Ramasesh (2007) point out that “Product development (PD) 

comprises the myriad of multifunctional activities carried out by a firm from the beginning when 

‘defining a technological or market opportunity’ to ‘starting production”. However, the product 

development process is curious elusive, as different people experience and describe it different ways 

(Checkland 1999). The only way to interact with a process is through models of the process. Engineers 

in industry use a variety of different information artefacts as ways means of planning and structuring 

their own activities and those of their area of responsibility whereby expert use a variety of different 

representations and trade them of against each other (Eckert and Clarkson 2010). Engineers interpret 

process models as being binding to varying degree, depending on whether they can actively influence 

the process (Stacey et al. 2020). To gain a shared understanding and interact with processes in a more 

effective way, companies increasingly aim to model their processes in a standardised tool, which is 

used across the organisation. Different software vendors offer process modelling environments, which 

are built on a variety of different underlying modelling approaches. What modelling approach is 

suitable depends on the purpose of the model, the understanding of the process and the ability, time 

and effort the modellers are willing to invest (Gericke et al. 2016a). This makes the selection of a 

suitable modelling environment a challenging task, especially if multiple aspects need be considered. 

A wrong choice due to time pressure or lack of awareness can have significant effects on the outcome. 

Besides being inefficient because the selected approach does not, or only in parts, fulfil the intended 

purpose, inadequate process modelling environments can also lead to a general rejection of process 

modelling practices since the users do not recognize their actual benefit. The selection of a suitable 

modelling approach can have a significant impact on the effectiveness and efficiency of product 

development. This paper addresses the specific what criteria are suitable to select process modelling 

approach and offers a list of potential selection criteria.  

Once a process modelling approach has been selected, a company can then proceed to selecting a 

specific modelling tool from a particular vendor. In practise the modelling approach and the modelling 

tools are often seen as a unit. However, as the selection of a software tool is tight up with multiple 

usability issues, this paper focusses on the modelling approach, i.e., the entities that are modelled, the 

relations that can exist and the analyses that can be carried out.  

This paper has arisen from a workshop run by the design process special interest group (formally 

known as Modelling and Managing Engineering Processes - MMEP) of the Design Society in 

February 2019 at the University of Rostock. The workshop brought around 20 researchers and 

practitioners from Germany, the United Kingdom, the Netherlands, and Sweden together to address 

the question of “Benchmarking process modelling and management tools”. The participants all have a 

background in engineering design. In general terms two forms of benchmarking can be distinguished 

(see Stapenhurst 2009): producer driven benchmarking looks at comparing the producer’s product 

against competing products and user benchmarking, where a user compares a set of similar products. 

In both cases one of the key questions is: by which criteria are the products compared? In product 

driven benchmarking this is carried out by product experts, who know which criteria matter to them. 

The users in user driven benchmarking do not necessarily have a complete enough picture or the time 

to select a suitable range of criteria. 

The paper presents a compiled list of criteria resulting from a brainstorming workshop, subsequent 

literature review, follow-up discussions amongst the authors, and interviews with industry experts. 

This paper is a companion paper to a paper, which has arisen from the same workshop, on process 

modelling scenarios, which identifies use cases and personas in different process modelling situations 

(see Helten et al. under review). Together the two papers enable decision makers in organisation to 

make more informed choices about the selection of suitable process modelling tools.  

2 METHODOLOGY 

The workshop identified selection criteria as an important issue in benchmarking process modelling 

approaches. The participating practitioners pointed out that even when no systematic benchmarking 

takes place, selection and evaluation criteria are still important. In practice, a preselection of a 
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modelling tool might already have taken place, but practitioners might need criteria to assess a 

potential tool and voice their concerns before a company commits significant funding. 

The authors of this paper formed a breakout group to address the issue of selection criteria and 

conducted a four-hour working session. The session started with a brainstorming exercise, where 

everybody noted down all the criteria they could think of. This yielded in 58 post-it notes created. The 

criteria were afterwards clustered by group and names, resulting in 11 consolidated criteria. These top-

level cluster criteria were discussed to establish a shared understanding of the criteria definition. 

Subsequently the first and second author conducted a literature review of selection criteria for models. 

For this literature review the databases “Scopus” and “Web of Science” were used. The research 

revealed that the workshop had yielded most of the different criteria but clarified the vocabulary. The 

criteria where than discussed again among the group of authors.  

For final validation two interviews were conducted with industry experts to understand the criteria 

they would usually use and gain their feedback on the list presented in this paper. The first interviewee 

is responsible for development processes as part of the project management office of a medium sized 

German company producing construction machines. Not only from his work experience in general, but 

also from his academic background, he has extensive knowledge and experience in process modelling 

and the respective approaches. The second industry expert works at a German company producing 

home appliances. As well as the first interviewee, he is responsible for the administration, 

management, and modelling of development processes. Thus, he also provides extensive knowledge 

and working experiences with respect to process modelling approaches. Both one-hour interviews 

were conducted by the first two authors of the present paper as well as the first author of the paper of 

Helten et al. (2021). 

3 DIVERSITY OF PROCESS MODELLING APPROACHES 

Wynn and Clarkson (2018) divide process models into procedural models that express best practice, 

abstract models that provide a conceptualisation of design processes largely for research and teaching, 

mathematical management science or operation research models for computational analysis, and 

analysis models, which provide situation-specific insights, improvements, and support for particular 

processes. The processes can describe a generic macro level, a very detailed micro level or a meso 

level which include a high degree of abstraction, which reflect a specific process or company. Industry 

is largely concerned with analytical meso level models, which involve considerable skills and 

judgement to model. Analytical process models, which are the focus here, are defined as models used 

to represent the details and elements of a particular development and design process and are suitable 

for analysing and improving design processes (Wynn and Clarkson 2018). Applying process 

modelling approaches provides insights for product or process design and helps with improving 

operations as well as financial and feasibility assessments (Cameron and Ingram 2008). There are 

plenty of different approaches and even more techniques and computer systems to achieve this goal. 

According to Wynn and Clarkson (2018), there are 23 different modelling approaches for meso-level 

analytical models, which they further divided into five subcategories: task precedence models, task 

dependency models or domain-integrating task network models, rule-based models, and agent-based 

task network models. 
Well-known examples for task precedence models are e.g., control-flow oriented business process 

models (BPM), or Gantt-charts. Detailed overviews of these traditional BPM approaches can be found 

in e.g., Aguilar-Savén (2004) or Giaglis (2001). A more recent BPM approach (Fleischmann et al. 

2012), which is increasingly used for engineering and production management, conceptualises a 

process as a set of modular behaviour specifications interlinked by messages. Gantt-charts also 

provide an effective way to model and visualise project plans. In this case tasks and their durations are 

displayed as horizontal bars and connected by a Start-to-Start, Finish-to-Start or Finish-to-Finish 

relationship. They are often used in industry because of their simplicity and ease of use. The task 

design structure matrix (DSM) is an example for a task dependency model, showing the tasks 

necessary to achieve the goal and their information dependencies. Applying the task DSM helps to 

decide, whether tasks can be executed sequentially or in parallel. A purpose-oriented categorisation of 

domain-integrating task network models was presented by Eckert et al. (2017). These kinds of models 

combine process and product information and are useful to analyse interrelations and guide trade-offs 

between those processes. Examples are the multi-domain matrix (MDM) (see Eppinger and Browning 
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2019) or the DEPNET approach (see Ouertani et al. 2007). Finally, Signposting, a rule-based model, 

discussed by Wynn et al. (2006), is another modelling technique, which can be used in order to 

analyse and optimize design processes. 

However, it is not clear how exactly practitioners choose from this variety of process modelling 

approaches and techniques. It is well known that companies often prescribe tools and approaches (Wynn 

and Clarkson 2018). Yet, these tools might not cover all purposes. Consequently, there is not one model 

or approach used exclusively in a company, but a partial use of different models (Eckert et al. 2017). 

Once adopted they are used for a long time, even though they are not suitable for every purpose (Wynn 

and Clarkson 2018; Gericke et al. 2016b). However, individuals also bring an understanding of particular 

modelling approaches from university or another company into a company, so that different approaches 

are used in conjunction (see Eckert and Clarkson, 2010). As the different modelling approaches express 

different elements, they are sometimes combined. For example, Gantt charts, expressing duration, and 

Pert charts, expressing task dependency, are often used together. 

Empirical studies looking on method discovery and selection in general further show that practitioners 

look for new methods and approaches in case of new or non-routine situations (Daalhuizen and 

Badke-Schaub 2011), however, they not always perform a benchmarking analysis, but also rely on 

their experience, i.e. approaches they already know or heard of, and their intuition (Eisenmann and 

Matthiesen 2020), but if they are performing a benchmarking analysis they prefer to decide based on 

outcome- and context-specific factors (Gericke et al. 2016b). Selection criteria for process modelling 

approaches proposed in this paper will therefore also cover outcome- and context-specific criteria and 

will be evaluated together with practitioners from industry.  

4 WORKSHOP  

The workshop session started with each of the participants individually noting down all the criteria 

they could come up with, which resulted in 58 post-it notes. Each of the 58 notes were assigned to at 

least one of the following categories, which define different aspects of the process modelling 

environment: 

• Application 

• Basic logic 

• Information technology (IT) tool 

• Notation 

• Process modelling approach 

• Process modelling method 

Next, the participants compared their findings and consolidated these into a set of 29 criteria, as 

presented in Figure 1. To ensure a common understanding of the criteria definition, eleven unbiased 

cluster criteria have been identified from the set of 29 criteria to select process modelling 

environments. These cluster criteria have been placed in the top row of Figure 1 and have been 

highlighted in green. The other eighteen criteria have been assigned to one or two of the cluster 

criteria, e.g., Formality and Robustness have been assigned to Executability, and Effort has been 

assigned to both Scalability and Availability. In the upcoming section, the eleven cluster criteria are 

described in more detail. 

 

 

Figure 1: Eleven unbiased cluster criteria, highlighted in green, have been selected from the 
set of 29 selection criteria that have been identified during the workshop. 
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5 LITERATURE REVIEW 

To validate the initially defined criteria depicted in Figure 1, a literature review was conducted. The 

focus was on engineering design process modelling approaches, however, also process models of other 

fields of application such as business process modelling were considered. During this literature review 

some of the initial criteria were adapted. Accessibility was renamed as Integrability. Support and 

Availability were clustered under the term Effort. Objectability of Database was refined to Linkability 

to Database. Further, Verification/Validation and Viscosity were added. The final criteria descriptions 

can be found in the following Chapter 6, in Table 2.  

All criteria, associated synonyms, as well as the respective references can be found in Table 1. For 

example, our criterion of “executability” is reflected in the work of other authors under different 

terms. Luo and Alex Tung (1999) provide a list of important characteristics regarding modeling 

methods, which among others contains “Enactibility”. As the authors link this term to the ability of 

a method to simulate and analyze processes, it is quite similar to our criterion of “Executability”. By 

formulating requirements for modelling techniques Giaglis (2001) refers to this aspect as 

“Measurability”. He sees this as an element in order to support process improvement. Furthermore, 

Kaschek et al. (2006) describe this characteristic as “Theoretical foundation”, which they argue 

reflects the ability of a model to be converted into a simulation model. Our second criterion 

“Connectivity” can be compared to the notion of “Tightness of the connection between two nodes”, 

as described by Vanderfeesten et al. (2008). Similar to our interpretation they link this attribute to 

the ability of a model to connect internal elements and they even provide a formalized relationship 

for this. Under the term “Integration” Sage and Lynch (1998) presented a rather broad definition of 

what we called “Integrability”. They explicitly refer to blending, coordinating, or incorporating new 

components in existing systems. Our exact definition of the term is more specific and tailored to 

process modelling. Another aspect comparable to our criterion “Coverage” can be found in Kaschek 

et al. (2006) and Recker and Mendling (2016). They call it “Maturity” and divide it into multiple 

subcategories. In course of describing data believability, Prat and Madnick (2008) present the term 

“temporality”, which matches our understanding of this term. Finally, multiple definitions of what 

we call “Versatility” are presented by Browning (2018), Kaschek et al. (2006) and Krueger et al. 

(2000). The term scalability is used directly by Luo and Alex Tung (1999). Their definition is also 

in line with our understanding, considering this term as the potential of process models to be used 

for large systems. Kaschek et al. (2006) also consider this factor to select business process 

modelling approaches, but in their definition, it is called “granularity”. They also indirectly present 

a description for one of the most common criterion “effort”. Yet there is a plethora of different 

terms used such as performance (Browning 2018), complexity, time, work intensity (Wynn and 

Clarkson 2018) or cost (Kaschek et al. 2006). The ability to connect the model to a database is often 

called connectivity (e.g., Browning 2018; Vanderfeesten et al. 2008; Wynn and Clarkson 2018). 

Similar to “effort”, also the ability to verify and validate a model is often considered as an important 

factor in literature. There are plenty of synonyms used for this criterion. The most common ones are 

listed in Table 1. Flexibility also occurred in the literature. Here, predominantly concrete actions are 

taken as factors to describe the expected flexibility of a process model – such as “nesting” (Kaschek 

et al. 2006). Nonetheless, here “flexibility” is considered as general enough to cover the other 

presented terms.  

The only criterion, where no synonym could be found in literature is viscosity – predominantly as it is 

often seen as a part of “effort”. However, we adopted the term from the cognitive dimensions 

framework by Green and Petre (1996), which describes criteria for the usability of visual 

programming environments.  
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Table 1: Comparison of selected criteria with related criteria from literature (the number in 
square brackets behind the synonym indicates the position of the associated reference in 

the last column). 

Criterion Synonyms in literature References 

Executability Enactibility [1], Measurability [2], Theoretical 

foundation [3] 
(Luo and Alex Tung 1999; Giaglis 

2001; Kaschek et al. 2006) 
Connectivity Integration [1], Tightness of the connection 

between two nodes [2] 
(Browning 2018; Vanderfeesten et al. 

2008) 
Integrability Integration  (Sage and Lynch 1998) 

Coverage Completeness [1], Maturity [2], Level of 

Integration [3] 
(Kaschek et al. 2006; Recker and 

Mendling 2016; Eckert et al. 2017) 
Temporality Temporality (Prat and Madnick 2008) 

Versatility Effectiveness [1], Flexibility [2], Ability to 

cover [2], Robustness [3] 
 (Browning 2018; Kaschek et al. 

2006; Krueger et al. 2000) 
Viscosity - (Green and Petre 1996) 

Scalability Scalability [1], Granularity [2] (Luo and Alex Tung 1999; Kaschek 

et al. 2006) 
Effort Performance [1], Complexity [2], Time [2], 

Work intensity [2], Cost [3] 
(Browning 2018; Wynn and Clarkson 

2018; Kaschek et al. 2006) 
Linkability to 

database Connectivity (Browning 2018; Vanderfeesten et al. 

2008; Wynn and Clarkson 2018) 
Verification / 

Validation 
Evaluation [1], Demonstration [2], Usability 

[3], Success [3], Flexibility [3], Correctness [4] 
(Vanderfeesten et al. 2008; Wynn 

and Clarkson 2018; Sadiq et al. 2005; 

Meyer et al. 2013) 

Flexibility 
Versatility [1], Reusability [1], Evolution [2], 

Nesting [3], Exchangeability [3], Mapability 

[3], Formality [4] 

(Browning 2018; Giaglis 2001; 

Kaschek et al. 2006; Wynn and 

Clarkson 2018) 

6 LIST OF CRITERIA 

As described in Chapter 2, the results of the brainstorming workshop with academic experts were 

combined with the findings of the literature review described in Chapter 5 as well as follow-up 

discussions of the authors. Overall, the literature review confirmed the identified criteria. However, 

minor changes, as described in the previous chapter, resulted in the final list of criteria. (see Table 2.) 

Table 2: Consolidated list of criteria for selecting process modelling approaches. 

Criterion Description 

 

Connectivity 
“A measure of how easily additional internal elements can be 

connected.” 

 

Coverage 
“A measure of which different elements (artifacts, 

stakeholder, tasks, steps, etc.) can be included by the method.” 

 

Effort 
“A measure of the money or time a user has to invest to use 

the tool.” 
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Criterion Description 

 

Executability 
“A measure of how easily a model-driven execution of the 

process can be realized, based on the method.” 

 

Flexibility 

“A measure of how effective a tool/method is in extending an 

existing process model. This includes building modules, 

reusing parts and evolutionary refinement.” 

 

Integrability 

“A measure of how easily additional method/tools can connect 

to the process modelling method in order to exchange 

data/information.” 

 

Linkability to Database 
“A measure of how well a method / tool can be linked to a 

database.” 

 

Scalability 
“A measure of how large and complex a process can be while 

it is still possible to model it with the tool/method.” 

 

Temporality “Assesses the ability to model temporal relationships.” 

 

Verification / 

Validation 

“A measure of how transparent and unambiguous a 

method/tool is in representing a certain process.” 

 

Versatility “The ability of a method to be used for different purposes.” 

 

Viscosity 
“A measure of how much effort is required to perform a single 

change.” 

 

The first criterion assesses the ability of a modelling approach to handle interfaces- thus how easy 

internal elements can be connected. For example, in a design structure matrix (DSM) one can just add 

a link between two elements by filling the connecting cell in the matrix. On the other hand, textual 

descriptions of design processes make it very difficult to connect individual elements without adding 

numerous explanations. Closely related to “connectivity” is also the factor of “coverage”. It is not 

only about linking internal elements, but also important to consider which different elements need to 

be modelled, considered, and connected. These elements can be e.g., persons, artifacts, tasks, steps, 

etc. While a Gantt-chart can only consider activities, events, and at maximum responsibilities, 

Business Process Modelling Notation (BPMN) can in addition consider artifacts (Standard ISO/IEC 

19510:2013). “Effort” is the most obvious criterion, assessing both the material as well as the 

immaterial effort that needs to be put initially into the modelling approach. This factor for example 

also covers previous knowledge of the user and thus how easy he or she can gain mental access to the 

method. “Executability” on the other hand is more advanced. This factor assesses the possibility of a 

method to be executed in an automated way. For example, BPMN models or Flowchart models can be 

turned in an automated workflow, whereas there is no straight forward possibility to execute a process 

DSM automatically. A criterion which might justifies high effort is “flexibility”. This factor assesses 

to which extent a process model can be extended or adapted after building it. Also “integrability” can 

be a reason to accept higher effort. Here, the fit of the process modelling approach with the existing 

tool/method landscape of the company at hand is considered. Especially standardized interfaces are 

required to allow for seamless data exchange. A high integrability is also a very important prerequisite 
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for “executability”. It is also tightly linked to the next factor “linkability to database”. This criterion 

puts the focus on the possibility to integrate also empirical data from a database. So, for example, 

whether it is possible to automatically update a process model based on gathered metadata from the 

project, as it was proposed in Piccolo et al. (2018). Connected to “flexibility” is the criterion 

“scalability”. It is also one of the most important factors, as it evaluates the ability of an approach to 

model huge processes, while still being comprehensible. In contrast to “coverage” it is not about how 

many different elements can be considered, but how many elements in total.  

In processes often not only the sequence of activities or steps are of relevance, but also the duration of 

these activities. To pay respect to this fact, we introduced the factor “temporality”. Not all approaches 

allow for modelling durations, or temporal relationships. A Gantt-chart of course per se considers the 

temporality of a process – a flow chart on the other hand only indicates the sequence of the steps. 

It also matters whether a process model is supposed to be used for communication. To ensure a good 

suitability for communication, the used approach needs to allow for a transparent and unambiguous 

modelling. This is not only for communication purposes important, but also for validation and 

verification of the model at hand. Thus, we introduced the criterion “verification/validation”.  

Again, a good reason to justify higher effort is, when a process modelling approach offers a high 

“versatility”. By considering this criterion it is possible to assess the ability of a built process model to 

be used for different purposes. For example, whether the same model can be used for multiple follow-

up analyses such as resource allocation, sequencing of tasks, health monitoring of projects, change 

management, etc. Finally, one should consider “viscosity” in the process of benchmarking modelling 

approaches. In contrast to “flexibility” it does not evaluate the ability of an approach to allow for a 

posteriori changes of the process model, but the effort required to perform this change.  

7 DISCUSSION  

The interviews revealed that the interviewees’ companies did not go through a systematic selection 

process; rather, the engineers responsible for process modelling use the models they were accustomed 

to, instead of undergoing a systematic benchmarking. Also, the companies do not provide a list of 

criteria for the selection and are not planning to do so. However, both interviewees welcomed the idea 

of having a set of criteria to make their own judgements and pointed out that this would also help them 

to express their recommendations. From their experience, this would lead to a much more purpose 

oriented, efficient, and tailored application of methods, which would also support acceptance of these 

models within the company. Especially, since current development methodologies, such as agility, 

pose new challenges to process modellers. 

Selecting criteria to assess modelling approaches can be error-prone in multiple ways. To lower this 

risk, interviews with two industry representatives were conducted to understand whether this list is 

clear, complete, and intuitive. First, the completeness of the list was assessed. Even though a 

systematic search and evaluation process had been applied (see Chapter 2) it could not be taken for 

granted that all relevant criteria had been captured. Especially in some fields of industry where 

modelling techniques need to meet stringent requirements and multiple stakeholder groups, different 

(maybe more exceptional) criteria might have been required. However, the interview partners 

confirmed that the most critical aspects of evaluating modelling approaches were captured and 

formally described.  

A second potential weak spot of the criteria list could have been its clarity. While some criteria, like 

Linkability to Database or Temporality, are less likely to be misunderstood, others like Viscosity or 

Flexibility might be unintuitive. Subsequently, this might lead to a rejection of the overall concept 

since users are unsure how to interpret the single definitions or may not be able to differentiate 

between them. In the initial evaluation with the industry representatives, only the criterion 

“Verification/Validation” was considered as too vague. 

Finally, the list of criteria also might be too superficial. We chose this granularity since it provided an 

acceptable compromise between the level of detail necessary to characterize modelling techniques and 

the number of criteria to select from. However, the final selection tool, discussed in Helten et al. 

(under review) will have the option to expand every criterion and display the list of sub-criteria, which 

are connected to this element of the list. 
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8 CONCLUSION & OUTLOOK  

This paper presents a list of criteria with respective descriptions, which can be used for benchmarking 

and selecting process modelling approaches. Purpose of this publication was to systematically identify 

useful criteria for benchmarking process modelling approaches. Even though the applicability so far is 

quite limited, it lays a foundation for a comprehensive benchmarking tool. Thus, for unexperienced 

practitioners the criteria can already guide them in a systematic selection of suitable approaches. For 

academics, this paper provides a consistent overview of criteria. This list can also be used to 

systematically describe, but also to enhance existing process modelling approaches, by improving the 

respective criteria. 

In the future, a multi-criteria decision-making tool based on AHP (Analytic Hierarchy Process) 

proposed by Saaty (1990) will be used to carry out a pairwise comparison of the different criteria with 

regards to the scenarios proposed in Helten et al. (under review) to assess the suitability of the criteria 

against an intuitive selection of modelling approaches. The tool generates an aggregate solution based 

on the assessment by multiple users based on fuzzy numbers (see Liu et al. 2020). The resulting 

mapping of criteria and process modelling approaches will lay the foundation for a benchmarking tool, 

that can be provided to practitioners. Here, one can either use predefined recommendations with 

respect to predefined scenarios and personas (which are described by Helten et al. (under review)), or 

by an individualized assessment of the previously presented criteria. In addition to the benefits for 

practitioners, this benchmarking can also provide insights on the weighting and selection of criteria, 

based on the user interaction. This metadata can than be used to identify needs and requirements for 

new process modelling approaches. 
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