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ABSTRACT 

Most management problems addressed by simulation studies can be characterized as complex and difficult 
to analyze. Simplification is instrumental in creating and employing simulation models that are useful – by 
focusing on those system elements that matter, and feasible – by reducing study efforts. Although 
simplification is considered a fundamental modelling activity, simulation educational support for mastering 
associated modelling skills is limited. Main textbooks either do not address this topic or tend to restrict their 

guidance to a few rules of thumb. This reflects how the topic of simulation model simplification is 
underdeveloped, despite the field of simulation being around 50 years of age. The purpose of this panel is 
to initiate a discussion about the way we teach simulation model simplification with the view to identifying 
improvements. This paper addresses the motivation for the panel, and presents panelists’ “positions” about 
the way forward for education on simulation model simplification. 

1 INTRODUCTION 

Simplification is considered fundamental to modelling and simulation (Salt 1993; Shannon 1998). Model 
simplification can increase a model’s utility by addressing its ease of use, flexibility, visualization, and run 
speed, as well as its feasibility in terms of time, resource and data needs (Robinson 2014). In these respects 
proper model simplifications contribute to analyzing and solving complex management problems. Clearly, 
a successful simulation study cannot do without simplification. Benefits associated with simple models, 
however, do not negate the need to build complex models on some occasions. The requirement is to build 

the simplest model possible, not simple models per se (Robinson 2008a). Simplification should always be 
justified by the model and evidence (Edmonds and Moss 2004), thereby safeguarding a satisfactory 
abstraction level. 
 Model simplification is not easy and it requires analysts to develop relevant skills for building models 
at an appropriate level of detail. Essential skills relate to key activities like recognizing the benefits of and 
need for simplification, identifying model components that may be simplified, and developing and 

validating simplifications. In performing activities, the analyst has to be able to cope with and address 
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various drivers of model complexity, for example, problem size being (too) large (Morris 1967), unclear 
modelling objectives (Innis and Rexstad 1983), his/her own limitations with respect to domain knowledge 
(Nance et al. 1999), and common pitfalls like assuming model detail as inherently good for increasing 
realism (Chwif et al. 2000). Clearly, analysts need to be appropriately educated to undertake model 
simplification. In this panel session simulation educational support on model simplification will be 
addressed, by assessing the current situation and research needs. More specifically, we consider courses 

offered by academia. 
 This paper is structured as follows. In Section 2 we consider the motivation for this panel. Next, in 
Section 3 panel set up is discussed. In Section 4 panelists state their positions. Finally, in Section 5, we 
summarize main issues based on the position statements. 

2 MOTIVATION FOR THE PANEL 

After introducing the focus of this panel session, we now provide some observations from existing literature 

on model simplification that underlie the topic of this panel: 
 
 Little attention: Many authors observe that model simplification has received little attention (Sevinc 

1991; Chwif et al. 2000; Brooks and Tobias 2000; Robinson 2006; Van der Zee et al. 2011). They 
point at the low number of articles being published. This is confirmed in a recent review on 
approaches for simulation model simplification (Van der Zee 2017). 

 Limited materials available for teaching: The lack of attention, see above, is mirrored in existing 
course books and materials, that tend to restrict their guidance to rules of thumb or do not address 
the issue at all. Exercises on model simplification are hardly found. Hence, the teacher is left on 
his/her own in educating students. 

 Increasing industry needs: The ever increasing complexity of (new types) of operations systems 
like supply chains, transportation networks, health systems and advanced manufacturing systems 

suggest an even higher importance of model simplification for problem solving. 
 Demands on simulation study set-up: The demands for shorter simulation study lead times increase 

relevance of model simplification (Chwif et al. 2006).  
 Use of simulation resources: Progress made in simulation software and computer hardware is often 

erroneously used as an argument to build more detailed models, thereby neglecting possibilities for 
model simplification (Salt 1993; Chwif et al. 2000; Rank et al. 2016). 

 Limited research on the topic: So far, model simplification does not seem to be on the research 

agenda of the simulation and modelling community. Apart from a number of authors targeting 

issues in isolation, structural support seems to be only available within semiconductor 

manufacturing and - to a lesser extent - within the community of researchers targeting simulation 

conceptual modelling. Starting from the high complexity of semiconductor manufacturing systems, 

a group of researchers works on a body of knowledge within their domain (Rose 2000; Rose 2007; 

Rank et al. 2016). Exploration of methods of model simplification has been identified as one of the 

research themes within the field of conceptual modelling (Van der Zee et al. 2011). 

 Beyond craft: This session may be considered a follow up of recent panel discussions which stresses 

the need for research that aims to improve guidance on modelling – in an attempt to make it less of 

an art and more of a scientific discipline (Ehm et al. 2009; Van der Zee et al. 2010; Robinson et al. 

2015). Typically, authors express the need for guidance by advocating a common choice of 

terminology, and by promoting the development of frameworks, strategies, principles, methods, 

standards, tools and criteria. 

3 PANEL DESCRIPTION 

We set up a panel, comprised of the following individuals: 
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 Durk-Jouke van der Zee (University of Groningen) 

 Antuela Tako (Loughborough University) 

 Stewart Robinson (Loughborough University) 

 Paul Fishwick (The University of Texas at Dallas) 

 Oliver Rose (Universität der Bundeswehr München) 

 

 All panel members are asked to respond with a position paper to the following four questions: 
 

1. What makes good education on simulation model simplification? 

2. Is education on simulation model simplification currently good? 
3. How could education on simulation model simplification be improved? 

4. What should the Modeling and Simulation community do? 

 
 The questions are meant to facilitate an exploration of the state of play on education on simulation 
model simplification. 

4 POSITION STATEMENTS 

4.1 Durk-Jouke van der Zee (University of Groningen) 

My experience is in educating undergraduate and postgraduate students, and research projects done in 

industry and health care. 

4.1.1 What Makes Good Education on Simulation Model Simplification? 

Simulation is a vehicle for decision support for the design of operations systems. Model simplification 
benefits quality of decision support by (i) allowing the analyst, engineering project team, and project 
stakeholders to focus on those system elements that matter – by leaving out those that don’t, and (ii) 
improving feasibility of the simulation study by reducing costs of data collection, efforts put in modelling 

and coding, and speeding up experiments. Clearly, benefits of simplification are manifold and concern all 
key modelling activities, i.e., conceptual modelling, model coding, and experimenting. They may depend 
on the perspectives of the model users, given their specific roles within the project. Benefits are not for free, 
but come at a cost, as development and validation of proper simplifications involves efforts, time and 
resources (Frantz 1997). 

Given the observed disadvantages of inappropriate model complexity, it makes sense to prevent models 

becoming too complex. This is clarified in the notion of evolutionary model design that advocates to start 
modelling with a simple model and next add relevant detail in an incremental way, compare, for example, 
Pidd (1999). The suggested approach is worthwhile, but still requires the analyst to consider model 
simplification in decision making on which system elements to represent in the model (Brooks and Tobias 
2000). 

What should a student learn about model simplification? Firstly, the student should know how and be 

able to do it. This sets requirements to his/her knowledge on relevant methods, techniques and insights, and 
his skills in applying this knowledge. At the same time a student should qualify as a good modeller, that 
seeks to avoid inappropriate model complexity. 

What does it take to facilitate student education on model simplification? Foremost, education cannot 
do without a teacher who is both skilled and experienced. While courses may stress teacher skills, student 
projects in industry stress both skills and the teacher’s knowledge of the craft – to guide the student in 

model simplification. Ideally, simplification is introduced and exercised in courses starting from text books 
and associated materials that familiarize students with step wise approaches that (i) assist in performing a 
cost-benefit analysis of possible model simplifications, (ii) organize the process of simplification by 
identifying and detailing key activities like tracing inappropriate complexity, and developing and validating 
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model simplifications, and (iii) facilitate the process of simplification by suggesting the use of principles, 
methods, good practices and tools. More in general, students’ modelling skills should be fostered by making 
them aware of complexity drivers and ways to deal with them, thereby – ideally – preventing inappropriate 
model complexity. 

4.1.2 Is Education on Simulation Model Simplification Currently Good? 

No. In my experience model simplification hardly gets any attention in simulation courses, thereby 

mirroring course books and materials, that do not really address the issue because of a lack of research. 
Thinking over model complexity is usually not propagated. The use of toy size models during courses may 
contribute to this. Probably, students only encounter the need for model simplification in doing simulation 
projects in industry, relating to systems of sufficient complexity. The rising interest for conceptual 
modelling has improved this situation a bit, by acknowledging the need for considering simplification in 
determining model content (Robinson 2008b). However, apart from this acknowledgement, little support is 

provided. 

4.1.3 How Could Education on Simulation Model Simplification be Improved? 

Building on the above observations, education on model simplification is in great need of teaching materials 
that (i) clarify the notion of model simplification and its meaning for model utility and feasibility, (ii) offer 
step wise approaches for organizing the process of model simplification, (iii) suggest proper principles, 
methods, good practices and tools that facilitate model simplification, (iv) define criteria on whether to 

simplify, and (v) foster awareness of drivers of model complexity. Furthermore, exercises on model 
simplification preferably relate to systems of sufficient complexity, and should include a cost-benefit 
analysis, starting from the various perspectives of the model users. 

4.1.4 What Should the Modeling and Simulation Community Do? 

Surprisingly, simulation model simplification is a green field and has been this for many decades. Clearly, 
some contributions have been made over the years relying on the efforts of individual authors. As a net 

effect a fragmented landscape can be observed, which lacks a frame of thinking. The field of the 
semiconductor manufacturing may be considered an exception. Within this field support is substantial, 
relying on a group of researchers of relevant size, that unite in addressing the large complexity of systems 
faced along research lines.  
 Undisputedly, there is a need for more research on simulation model simplification. The route taken by 
a group of researchers on conceptual modelling may serve as an example (Robinson et al. 2011). Starting 

around 2006 the group undertook joint initiatives concerning presence at major simulation conferences 
(dedicated sessions, tutorials), focused workshops, journal special issues, and a first book on the subject 
(Robinson et al. 2011). As a net effect conceptual modelling now holds a firm position on the communities’ 
research agenda. In this way the community contributes to the buildup of a relevant knowledge base that 
serves as a basis for developing teaching materials. 

4.2 Antuela Tako (Loughborough University) 

4.2.1 What Makes Good Education on Simulation Model Simplification? 

The aim of education is ultimately to prepare students to apply skills gained from education in their 
professional careers. From my experience of working in health care type problems, I come across two main 
types of model simplification activities, which I think should be also taught: 1) reducing the problem scope 
and 2) simplifying the model content. The first activity involves identifying the parts of the system the 
model should include while designing the conceptual model, guided by the model objectives. The second 

activity involves mostly technical modifications to represent parts of the computer model in simpler ways, 
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such as for example replacing two or more activities by one, whereas the time to complete those activities 
is represented by a statistical distribution. They are introduced due to lack of data availability or because 
we are interested in simpler models that are faster to develop and/or easier to communicate to the clients, 
which is often the case in facilitated modelling (Robinson et al. 2014; Tako and Kotiadis 2015). Learning 
to do these two activities successfully is important for someone who chooses to take a professional career 
in simulation modelling. However, introducing model simplifications does not come natural to novice 

modellers. 
 Learning to reduce the problem scope is more intuitive and conceptually more difficult to grasp by 
novice modellers, but an important general skill to have as a modeler. Existing conceptual modelling 
frameworks can be used to guide the modeler through the process of deciding what to include and/or 
exclude into their simulations. I personally find useful adopting problem structuring methods tools. The 
PartiSim approach (Tako and Kotiadis 2015) for example, includes tools adapted from soft systems 

methodology (SSM) (Checkland 1999) in the modelling process. More specifically, the conceptual 
modelling toolset can be used to arrive at the model objectives and then to define the model scope (see 
PartiSim toolset 3: Define Conceptual Model). Students can be taught through these tools and then let to 
practice using a simplified case study. 
 Simplifying the model’s content, involves more technical tricks that seasoned modelers develop with 
experience. This can be taught through example models showcasing existing methods. The learning cycle 

can be completed by practicing through hands-on individual or group exercises in lab sessions and 
coursework assignments.  
 Model simplification skills would be best suited to teach through hands-on exercises that provide the 
students or novice modellers the opportunity to learn through practice, that is what Kolb calls experiential 
learning experience (Kolb 1984). Model simplification can be taught progressively throughout the 
curriculum, where students first start with solving smaller, more defined modelling exercises and then move 

on to wider and less defined problems.  

4.2.2 Is Education on Simulation Model Simplification Currently Good? 

Considering M&S education, especially in business education that I have experience of, the main aim is to 
teach the students to appreciate the role of using simulation models in business and to learn to build simple 
simulation models on the computer. We do not place much emphasis on teaching students how to build 
simpler models. However, the message “keep the model simple” runs throughout the course (Pidd 2003). 

 There are challenges to teaching simulation model simplification as I consider it to be an advanced 
skill. Learning simulation modelling involves a number of skills, such as model coding, statistical analysis, 
experimental design, which makes M&S courses quite demanding. Furthermore, as students do not have 
prior experience of simulation, only basic modelling skills can be taught. As a result there is limited time 
in the course to dedicate on model simplification. Another problem, deriving from its own nature of 
education, is that we teach simulation based on simplified problems. In educational settings students are 

often asked to build models of already pre-defined problem/settings, where the tutor or examples available 
on existing textbooks, have already gone through a process of simplification. Hence, student rarely get the 
opportunity to define the scope of the problem. 

4.2.3 How Could Education on Simulation Model Simplification be Improved? 

Considering the current education on model simplification, I believe that model simplification can be only 
taught at a basic level on UG or PG masters’ level courses, which can be later on advanced through 

experience in practice and real life projects. Education on model simplification could be improved, through 
one or more of the following: 

 

 Use example models and exercises that illustrate model simplification methods and give novice 

modelers the opportunity to review, reflect and learn from their experience. 
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 Provide students with real life examples and mini projects to experience model simplification in 

practice. 

 Ensure that students have the opportunity to learn problem structuring skills such as soft systems 

methodology (Checkland 1999) in the educational curriculum which can help make sense of and 

define the scope of complex problems. 

 Include model simplification in assessment criteria and feedback. 

4.2.4 What Should the Modeling and Simulation Community Do? 

In my opinion the M&S community should consider the following: 
 

 More research on the topic that can help modellers make informed choices about the level of 

complexity (or simplicity) included in their models. To this date there are no agreed measures to 

determine model complexity (Wang and Brooks 2007; Ahmed and Shah 2015). We are currently 

studying the effect of using two different levels of model simplifications on users’ learning 

(Tsioptsias et al. 2018) and find that there is a need for more research on this topic. 

 Develop guidelines for model simplification that can be adapted to teach not only students taking 

M&S courses, but also practitioners, making modelling less of a craft. 

 Share case studies and example models illustrating model simplification. Both practitioners and 

academics should join forces to share practice and to learn from each other.  

4.3 Stewart Robinson (Loughborough University) 

My experience is in educating undergraduate and postgraduate students, and in training practitioners 
working in business and the public sector. I have drawn on this experience in forming the discussion below. 

4.3.1 What Makes for a Good Education on Simulation Model Simplification? 

In simple terms (which seems appropriate for this discussion!), a good education on simulation model 
simplification would achieve the learning outcome that modelers build simpler models. In particular, they 

would be able to build the simplest model possible to achieve the objectives of a simulation study. This 
could better be achieved by effectively teaching modeling principles, conceptual modeling frameworks and 
simplification methods. 

The overarching modeling principle is as stated above: build the simplest model possible to achieve the 
modeling objectives. Robinson (2014) illustrates this with the graph in Figure 1. This demonstrates the 
relationship between model accuracy and model complexity. Increasing levels of complexity tend to 

increase the accuracy of a model with diminishing returns, and never achieving 100% accuracy. Eventually, 
too much complexity can lead to a less accurate model as the knowledge and data required to support such 
a model are not available. 

Beyond this overarching principle, it is useful to teach a set of general principles such as: focus on the 
decision, not the system; abstract – do not model all you know about the world; the model should drive the 
data requirements and not the available data drive the model; start small and add. For a discussion of 

modeling principles see Powell (1995) and Pidd (1999). 
Conceptual modeling frameworks aim to help a modeler make good choices in determining what to 

model and what not to model. Although they do not provide specific guidance on choosing model 
simplifications, they do encourage a modeler to think through options for model simplification. Examples 
of these frameworks include Robinson (2008b) and Arbez and Birta (2016). 
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Figure 1: Model accuracy and model complexity (Robinson 2014). 
 
At the third level it is useful to teach specific model simplification methods. These provide a set of 

ideas for how to model systems more simply. For instance, the use of ‘black-box modeling’, in which a 

section of a system is simplified to be represented as a time delay (Robinson 2014). Figure 2 illustrates the 
approach. As an entity Xi enters the black-box, the time at which it is due to leave, ti, is calculated. When 
the simulation reaches time ti, the entity leaves the box. Discussions on model simplification methods can 
be found in Morris (1967), Courtois (1985), Zeigler (1976), Innis and Rexstad (1983), Yin and Zhou (1989), 
Robinson (1994) and Frantz (1995). 

 

 
 

 

 
 
 

 
 
 
 

Figure 2: Black-box modeling (Robinson 2014). 

4.3.2 Is Education on Simulation Model Simplification Currently Good? 

Put succinctly, the answer is “no.” My experience is that most simulation courses for students and 
practitioners focus on software skills and analysis skills. There is little or no focus on model simplification 
and conceptual modeling more generally. This is probably because most educators were themselves just 
taught software and analysis skills. Further, it is more difficult to teach the ‘craft’ of modeling and less 
natural for the more scientifically minded to do so.  
 It would probably be easiest to teach model simplification through a set of simplification methods, but 

this is an area which is very underdeveloped. Note the dates of the articles on model simplification methods 
listed above. Despite a long history going back to 1967, there does not appear to have been any appreciable 
work on this topic in this century!  

Model 
accuracy 

100% 

Scope and level of detail (complexity) 

x 
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4.3.3 How Could Education on Simulation Model Simplification be Improved? 

Model simplification, and conceptual modeling more generally, should become a mainstream topic in all 
simulation courses and in all educational materials including simulation books. There should always be a 
presentation on modeling principles, conceptual modeling frameworks and simplification methods, 
followed by associated practice exercises and assessments.  

4.3.4 What Should the Modelling and Simulation Community Do? 

The community should develop educational material on modeling principles, conceptual modeling 
frameworks and simplification methods. This will require a renewed research effort, especially up-to-date 
research on model simplification methods. These materials should be supported by exercises and 
assessments that would teach model simplification skills. As an example, see the Happy Faces Daycare 
conceptual model challenge (Loper et al. 2012). It would also be useful to provide examples of real life 
projects which involve model simplifications; see, for instance, the outpatients clinic problem (Robinson 

2015). These are both motivational and explanatory. Indeed, they could provide the basis for identifying 
and forming a taxonomy of simplification methods. 

4.4 Paul Fishwick (The University of Texas at Dallas) 

My experience in the area of model simplification is based on my (1) early work in industry (NASA Langley 
Research Center) and Newport News Shipbuilding, (2) formative academic career at the University of 
Florida from 1986-2012 and more recently, (3) interdisciplinary career spanning two schools (Engineering 

and Computer Science, Arts, Technology & Emerging Communication) at the University of Texas at 
Dallas. The interdisciplinary nature of my current work has encouraged me to take a broad world view of 
modeling and simulation, spanning different parts of the academy. 

4.4.1 What Makes for a Good Education on Simulation Model Simplification? 

“Good education” depends on educational learning objectives and the target group of learners. If one is 
situated within a particular university school, these objectives and the learners tend to be specific. For 

instance, in a Management Science Department, most learners are probably management science majors 
and the learning objectives are going to be model types and analyses appropriate for these majors. 

The question of educational objectives becomes more complicated when we consider a general concept 
of model that is independent of vocation or speciality. Consider that the model in question is a hurricane (or 
typhoon) wind model. This model may be used to assess future risk for a set of geographically-situated 
properties. Who is the audience for such a model? For the computer scientists writing the code to implement 

the model, there are a number of simplifications possible, including the specifications in software 
engineering. These diagrammatic representations based perhaps on the Unified Modeling Language (UML) 
(Fowler 2003) have built-in approaches to simplification based on loose ideas inherent within natural 
language. To create a simplified model in UML is to use simpler categories and concepts. There are 
concepts at different levels for the hurricane simulation: (1) a high level such as “wind field” with an 
average speed intensity integrated over time, or (2) a low level such as “wind field within County X at Time 

Y”. These simplifications are a combination of everyday language, and also specialized languages for 
meteorology. Perhaps the best approach to model simplification, generally speaking, is to understand how 
natural and professional languages deal with modeling, and model attribute, abstractions. The question of 
abstraction permeates all disciplines (Fishwick 1989). The question is how deep, or how high, to go? 

4.4.2 Is Education on Simulation Model Simplification Currently Good? 

All education is good but can be improved depending on the goals of the education. If a goal of the societies 

for modeling and simulation wish to expand and integrate beyond our current confines, then we may need 
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to broaden the discussion of simplification. Model simplification is an artifact of abstraction, which is a 
more general word.  

We should also consider movements in both directions: from abstract to concrete and vice versa. The 
idea of model simplification as a phrase suggests that a model already exists, and we wish to simplify that 
model. But an engineering approach would be to assume that we begin with preliminary, abstract design 
and then gradually refine our terms and model components to be less abstract, and more concrete. This 

process may involve many steps, each step with different abstraction levels. 

4.4.3 How Could Education on Simulation Model Simplification be Improved? 

The education can be improved in the following ways: 
 

 Model simplification is a form of the abstraction-specification dualism and should be enhanced as 
a subject to incorporate proceeding in both directions. 

 Model simplification can begin with natural language, and then proceed to refined vocabularies 
(e.g. professional languages), and basic design in the form of drawing. The ideas behind writing 
and drawing come from the liberal and fine arts, and so an appropriate integration is required to 
move model simplification into a wider arena. 

 
 Fishwick (2017) introduced the idea of dividing modeling into three categories: Knowledge, Space, and 

Time. Knowledge models (Sowa 1983; Davis et al. 1993) are rooted in natural language to the point where 
a natural language essay can be thought of as providing a simplification of a scene or behavior—a model. 
If one is to describe a model to a more general audience, it is necessary to speak the language of the 
audience. Knowledge is formally captured in the mathematical subjects of set theory and logic. Set theory 
is not only the core of modern mathematics; it is also a basis for formal logic, upon which we might draw 
diagrams such as state and event graphs, semantic networks, concept maps, and mind maps. These diagrams 

and maps are visual tools for expressing set theory and logic. The area in Computer Science termed data 
structures is also relevant when describing knowledge. Model simplification of Knowledge models comes 
from natural language categories. These categories can be expressed in logic, or in extensions such as 
object-oriented design. 

Space modeling (Encarnacao et al.1990) revolves around specifying geometry either in terms of 
physical object shapes or how 2D or 3D space is partitioned. Model simplification of space modeling is 

usually oriented around spatial aggregation and level of detail. A factory contains floors, each floor has 
specific work areas, and each work area has specific machinery. Time modeling (Fishwick 2007) is to create 
a model that reflects change in state and event over time. Most model simplification in time modeling 
leverages natural language categories. For example, the state of a machine might be “in operation” but this 
state has sub-states, which in turn, have their own sub-states (Fishwick 1994). 

We need to examine this triad (Knowledge, Space, and Time) with respect to the history of modeling 

and simulation. Traditionally, in the Winter Simulation Conference, we are a community concerned with 
discrete event (time-based) simulation. Issues of knowledge and space would seem out of place. However, 
in the case of conceptual modeling, there has been a resurgent interest at the turn of the 21st century. This 
resurgence is linked to the older work in Artificial Intelligence where conceptual modeling has been 
ongoing work since the 1960s (Sowa 1983). As far as space and geometry, the fast changes in 
semiconductor technology have allowed portable phones to display real-time 3D geometry. With such 

enhanced speed, some vendors have built models that are as much geometric as they are time-based. If our 
models now include “things” that have shape, then our model simplifications must move behind temporal 
abstractions. 
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4.4.4 What Should the Modelling and Simulation Community Do? 

The modelling and simulation community has a good foothold in model abstraction and model 
simplification (Morris 1967; Zeigler 1976; Fishwick 1994; Robinson 2015; Robinson et al. 2015). What 
the community should do depends on whether there is sufficient interest in expanding beyond the borders 
of the current community. Virtually every academic subject involves the ideas of simplification, 
specification, and abstraction. If we are going to either grow or interconnect with other communities, then 

we need to better understand how these other communities think of simplification. In many cases, our 
collective ideas may be similar. The ideas may differ only at ground level where the specialized modeling 
communities exist and flourish. 

4.5 Oliver Rose (Universität der Bundeswehr München) 

My background is in teaching statistics and simulation for undergraduate and postgraduate computer 
science students and practitioners from industry and the military. Our research is focusing on a variety of 

production industries and military logistics. 

4.5.1 What Makes for a Good Education on Simulation Model Simplification? 

First, I would like to define what simple in the context of simulation modeling means to me: the model is 
easy to understand for all participating stakeholders of a simulation project and there will be no 
communication problems among all stakeholders about the model. Starting from this very simple (sic!) 
definition simulation model simplification has two main aspects: (1) keeping the mental system modeling 

concept simple, and, (2) keeping the simulation model communication simple. Of course, both aspects are 
very closely related. 

Coming originally from queueing theory applied to analyze the performance of computer networks, I 
experienced that starting from queueing models is a rather comprehensive but not oversimplifying concept 
for simulation modeling. It is very easy to understand the concept of limited resources and the fact that jobs, 
customers, etc. queue up if all resources are currently in use. In addition, it is very straightforward to build 

networks consisting of queue and resource components representing the flow of items through a (for 
instance, production or logistics) system. All sorts of decisions which have to be taken in that system, such 
as job sequencing, resource dispatching or route selection, come into play very naturally, too.  

The second aspect, simple model communication, is also very important. Over the last decade, there 
was a lot of research about the appropriate way to describe simulation models, in particular, the conceptual 
models. All co-authors of this paper spent a considerable amount of their time and effort to convince their 

students and their colleagues that (if you get the problem description right) conceptual modeling is the most 
important simulation project phase to obtain a simple model. In order to keep the model communication 
simple, I experience that simple diagrams about state changes of structural simulation model components 
(similar to the UML state machine diagrams) and simple networks of activities to represent the processes 
which deal with the model components (similar to the UML activity diagrams) have the appropriate level 
of simplicity while facilitating the communication about models in simulation project teams. This is true 

for project team members with basically arbitrary academic and non-academic backgrounds. 

4.5.2 Is Education on Simulation Model Simplification Currently Good? 

My personal experience does not lead to a clear conclusion about the right answer to that question. In 
contrast to the introductory statement of our paper, I am rather optimistic that despite the lack of a large 
body of research in simulation model simplification it is not too complicated to teach it for an experienced 
instructor. 
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4.5.3 How Could Education on Simulation Model Simplification be Improved? 

I think, it would be a good idea to teach queueing theory basics to all simulation students. This methodology 
forms the basis of a very simple and comprehensive mental model for all production, logistics, and service 
systems most analysts in our community are interested in. In addition, the students should be taught at least 
one general purpose system description language like SysML or UML. Apart from that it should be made 
very clear that the origin for a simple model is always a structured problem description because only then 

the modeler can decide what has to be modeled and at which level of detail. Both decisions are very 
important for model simplicity. 
 

Table 1: A SWOT analysis of education on simulation model simplification representing the positions of 

this paper. 

 
Strengths 

 Agreement that education on simulation model 

simplification is required and needed 

 Research in semiconductor manufacturing 

 Recognition of relevance of model simplification 

for conceptual modelling 

 Good education on model simplification is very 

well possible 

Weaknesses 

 Use of simple/simplified size models in education, 

that hinders students getting confronted with real-

life systems complexity and dealing with problem 

size. 

 A main focus on software and analysis skills in 

simulation courses, leaving (time-wise) little room 

for model simplification. 

 Dependency on the teacher’s skills with respect to 

model simplification, and his willingness to 

address the issue – as it may be less natural for the 

more scientifically minded to do so. 

 Lack of a wider (curriculum) perspective on model 

simplification that includes various other modelling 

techniques – which may benefit simulation model 

simplification. 

 Lack of text books, supportive materials, and 

exercises. 

 Simplification methods being underdeveloped. 

 Little overview and insights on the way model 

simplification influences essential model qualities 

– which are likely not the same for all stakeholders. 

Opportunities 

 Develop modelling principles, modelling 

frameworks, simplification methods and tools. 

 Develop exercises on model simplification, 

including relevant assessment criteria – relating 

to (real-life) systems of sufficient complexity 

 Use and share insights from other fields – 

outside M&S - concerning various categories of 

modelling techniques – that may support 

alternative disciplines. 

 Publish research, possibly “hosted” by fields 

addressing simulation conceptual modelling, and 

semiconductor manufacturing. 

 Share case-studies and example models 

illustrating simulation model simplification. 

Threats 

 Modelling being considered an art 

 Small research base 

 Research efforts being scattered over application 

domains and disciplines. 
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4.5.4 What Should the Modelling and Simulation Community Do? 

Our community should stop talking about modeling as an art. Of course, models become better and simpler 
the more experience a modeler has. On the other hand, there are more than enough textbooks, courses, 
guides, best practices, etc. about the basic principles of good modeling (see alone the references of this 
paper) that we should rather talk about modeling as an engineering task and set up research accordingly. 

5 SUMMARY 

This paper facilitates an exploration of the state of play on education on simulation model simplification 
by inviting 5 researchers to put their views on this field. They do so by answering a set of questions. Not 
surprisingly, in accordance with their various backgrounds, their answers are multi-facetted. In an attempt 
to arrive at some overarching conclusions from their positions we summarize the most frequent themes that 
come up in the format of a SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis (Table 1). 
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