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ABSTRACT 

Simulation modelers have a diversity of educational back-
grounds including several engineering and scientific disci-
plines, mathematics and computer related fields. Many of 
the skills required to achieve modeling proficiency are 
learned “on the job”. Emerging trends in the demand for 
more complex and fully automated simulation applications 
are requiring simulators to develop a working knowledge 
of a much broader range of software technologies and 
modeling methodologies. Unfortunately, there are no struc-
tured educational programs for acquiring and developing 
these skills. Simulation apprenticeships provide an effec-
tive means for acquiring many of the essential and emerg-
ing simulation skills that are not delivered through conven-
tional educational methods. 

1 INTRODUCTION

Simulation modeling is a discipline that is a mixture of art 
and science. It requires a variety of basic and advanced 
technical and non-technical skills. While most of the tech-
nical skills can be acquired by studying materials and tak-
ing formal training in fields such as industrial engineering, 
operations research, mathematics and computer science; 
non-technical skills must be acquired by other means. The 
path for acquiring these skills is quite circuitous and has 
several branches. As a simulator moves through different 
levels of modeling competency, different skills are re-
quired and/or accentuated. For a given model, the skills a 
modeler needs depend on several factors, e.g., the com-
plexity of the system being modeled, the model users, the 
requirement to develop interfaces between the model and 
external systems, etc... Regardless of these factors, most 
models require simulators to have a common set of basic 
technical and non-technical skills. Naturally, as model 
complexity increases, the need for more advanced skills 
increases. However, there is an emerging trend for simula-
tors to possess a much broader set of basic and advanced 
skills. This trend is the result of continuous advances in 
software and hardware technologies. These advances have 
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increased the demand for larger and more complex simula-
tion models and have engendered a new set of required 
simulation skills. As this trend continues, the means by 
which a simulator acquires these skills will become in-
creasingly important.  

2 BACKGROUND 

Most modelers do not have a traditional industrial engi-
neering or operations research background. A recent in-
formal survey of active modelers on a popular simulation 
user’s group (Extend E-Xchange, 2007) indicated that only 
33% of active modelers have an academic background in 
industrial engineering or operations research. 

Industrial 
Engineering 23%

Operations 
research 10%

Electrical 
Engineering 3%

Mechanical 
Engineering 7%

Chemical 
Engineering 7%

Other Engineering 
13%

Mathematics 13% Science 7%

Business 7%

Music/Arts 3%

Other 7%

Figure 1: Academic Background of Simulation Modelers 

Figure 1 shows the variety of education for simulation 
modelers. This chart indicates that most simulation ana-
lysts are trained “on the job” without the benefit of expo-
sure to simulation modeling in college. 

A good portion of the remainder has a background in 
mathematics, engineering, or computer science. While 
graduates from these programs have not had a course in 
discrete event simulation, they have probably been exposed 
to statistics and computer programming. 
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For those who are industrial engineers, anecdotal in-
formation appears to indicate a trend away from program-
ming requirements in industrial engineering programs. At 
two major industrial engineering schools, students are re-
quired to take one semester of programming and generally, 
do not reinforce this until their first simulation course two 
years later. In addition, the programming language that is 
required is not compatible with the simulation software 
that is used! In some cases, computer programming is not 
listed as a prerequisite for the required simulation course. 

3 SKILLS

Much has been written in the last 10 years about the skills 
required for simulation modeling. Banks, 2001 provides a 
good set. However, the skills required are a bit like the 
parable of the blind men and the elephant (Wikipedia 
2007). The nature of the model and the type of project will 
dictate the proficiencies required. A simulation consultant 
that builds many different kinds of models will need a 
broader range of skills than a plant floor industrial engineer 
that builds an occasional model to analyze a manufacturing 
process. 

3.1 Basic Skills 

Often a modeler is not a single person, but a team of mod-
elers. Each person in this team brings a set of skills to the 
modeling process that compliments the others. One person 
may be a programmer that builds or modifies modeling 
components, a second team member assembles these com-
ponents into a model, yet another works with the client set-
ting the expectations and keeping the project on track. 

Given the diverse community, what are the basic 
skills? At a minimum, there are three areas of proficiency 
to build simulation models: 

A basic understanding of the areas of statistics 
appropriate to simulation modeling. Specifically 
random distributions, confidence intervals, and 
design of experiments are required areas of profi-
ciency.
Some background in computer programming. Not 
because writing code is necessary for building 
models, but because as the modeler assembles a 
model, it is necessary to understand the basic 
mechanisms of the simulation program. Simula-
tion models are collections and manipulations of 
data structures and algorithms. A modeler with 
knowledge of these computer science topics will 
build more reliable and higher quality models. 
Perhaps the most important skill is being savvy 
about the model and the modeling process. A 
savvy modeler will look for flaws in the model, 
navigate the politics of the project team, generally 
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build understandable, straightforward models, and 
even recognize his or her own limitations. 

3.2 Advanced

Continuous advances in computing technology open up 
new frontiers for simulation modelers. Historically, com-
puter processing speeds increase at a rate predicted by 
Moore’s Law. As processing speeds increase, the demands 
for more complex and larger scale models increase. Large-
scale simulation models engender a number of modeling 
challenges and issues that require advanced skills to effec-
tively handle. For example, large-scale models require the 
management of much larger data sets than small-scale to 
medium-scale models. These models quickly exceed the 
threshold where input and output data can be manually 
managed in a timely and effective manner. Consequently, 
simulators must be capable of creating large-scale models 
that: 

Directly interface with data management systems  
Automate the population of model data structures 
from external data management systems 
Automate the delivery of model outputs to exter-
nal data management systems 

In order to design and create user-friendly data interfaces 
and automated data population mechanisms, simulators 
must have a basic understanding of database systems and 
client/server programming methodologies. Additionally, 
large-scale simulation models require well organized inter-
nal data-structures to facilitate auto-population mecha-
nisms, process information efficiently and reduce model 
run-time. Often, the design of model data structures and 
relations in large-scale models can be more challenging 
than the logic representing model state transitions, i.e., sys-
tem behavior. 

Another challenge presented by large-scale simulation 
models is the representation of model logic to the model 
customer. Continuous advances in the graphical user inter-
faces of simulation tools provide simulators with opportu-
nities to expose model customers to increasing amounts of 
model logic. The importance of this cannot be overstated. 
The more model logic that can be exposed to the model 
customer, the more trust the customer will have in the out-
puts from the model and the less time it will take to verify 
the model. 

Another consequence of increased computing process-
ing power is the demand for use of simulation models by 
non-modelers. Because simulation models can readily be 
connected to and auto-populated with data from external 
database systems, there is increasing demand for simula-
tion models to become directly incorporated into regularly 
occurring decision-making processes where the simulator 
is out of the loop and simulation models are being run by 
non-simulators. For these situations, simulators need to be 
able to assemble integrated applications that allow non-
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simulators to cohesively perform data input, model execu-
tion and data output activities in a single interactive ses-
sion.

4 EDUCATIONAL RESOURCES 

If you do not have an Industrial Engineering or Operations 
Research background, it’s a good idea to take a simulation 
class, if one is available, at a local university. From a 
course such as this, you are likely to learn the statistics and 
the basics of a simulation program. Vendor courses will 
teach you the details of a particular simulation tool. Many 
vendors are including some statistical analysis and an 
overview of the simulation process into even the basic 
classes. In addition, the last day of the course (or an addi-
tional day) is often reserved for answering questions on 
specific simulation models that are of interest to the stu-
dents. Professional courses such as Averill Law’s “Simula-
tion Modeling for Systems Design and Analysis” can pro-
vide good coverage of the steps of a simulation study and 
statistics that are appropriate for simulation modeling. 

Conferences, such as the Winter Simulation Confer-
ence or the Institute of Industrial Engineers Annual Con-
ference are a good place to network with other simulation 
modelers, learn about simulation software, and attend a 
wide range of sessions from introductory tutorials to ad-
vanced simulation statistics and concepts.  

If you are a book learner, there are a number of good 
books available. These include “Simulation Modeling and 
Analysis” (Law, 2007) and “Simulation Made Easy: A 
Managers Guide” (Harrell, 1995). Some simulation soft-
ware manuals are excellent and are often available by 
downloading a demonstration version of the software. For 
the more advanced simulation modeler, “Theory of Model-
ing and Simulation” (Zeigler, 1976) is an excellent book. 
There are others. Find one that speaks to you. 

Online resources such as simulation software forums 
(http://groups.google.com/group/comp.sim
ulation/topics, www.extend-user.com, or
www.simul8.com/cafe) can provide an insight into 
the modeling process. If the forum is sponsored by a soft-
ware vendor, you may or may not need to be a customer to 
access the forum. Even if you are using a different soft-
ware program, it can be useful to peruse forums oriented to 
other simulation products. 

Another less obvious factor in successful modeling is 
the appropriate choice in software. Professional, full time 
modelers will be able to efficiently use simulation pro-
grams that routinely require programming. More occa-
sional modelers will probably want to limit their choices to 
drag-and-drop software. Be careful not to equate cost with 
capability. 
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5 THE SIMULATION APPRENTICE 

Apprenticeships in various forms exist for a wide variety 
of occupations. Of course many trades such as electricians 
and carpenters must go through an apprentice program be-
fore they can work independently. Medical doctors are in-
terns before they practice on their own. Architectural ap-
prentices are commonplace. Some engineering schools 
require a certain number of cooperative education intern-
ships with industry as a requirement for graduation. 

Although there are different opinions on exactly what 
skills are required to be a successful modeler, no one will 
argue that a combination of skills is required. As an ap-
prentice, a new modeler can work through projects under 
the watchful eye of someone more experienced. 

5.1 Apprenticeship Benefits 

There are a number of advantages of apprenticeships. 
Documented benefits (Employers for Apprentices, 2007) 
include: 

Positive return on investment 
Increased competitiveness 
Increased productivity 
Higher quality of work 
Reduced costs 
Improved recruitment 
Increased staff retention 
Higher employee satisfaction 
More potential for career progression 
More efficient use of new technology 
Supplementing ageing work force 
Widening the talent pool and increasing your ap-
peal in diverse markets 

Many of these, especially increased productivity, 
higher quality of work, and more efficient use of new tech-
nology apply directly to simulation modeling. Specifically 
an apprentice can learn techniques in model abstraction, 
determining the appropriate level of detail, validation, veri-
fication, and even the politics of the simulation project 
from someone with more modeling experience. These are 
not subjects that lend themselves to the academic environ-
ment. While a professor may certainly talk about these in a 
course, there is no substitute for experiencing them first-
hand. 

Cognitive apprenticeships (Collins, Brown & New-
man, 1987) allow a master simulator to model a decision-
making process in a real-world context. As a master simu-
lator models advanced simulation skills, the apprentice can 
quickly identify the knowledge and behaviors that are rele-
vant for the development of effective models. This enables 
the apprentice to develop a conceptual model of the model-
ing processes.  

Additionally, apprenticeships provide an efficient way 
for simulators to learn how to use and interface with many 
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of the software technologies required for large-scale simu-
lation models, e.g., relational databases, COM interfaces, 
GUI development environments, etc... Due to time con-
straints, it is impractical and less effective for simulators to 
learn all of these technologies by taking courses and read-
ing books. Through apprenticeships, simulators can be ex-
posed to the particular aspects of these technologies that 
are relevant to simulation modeling. 

5.2 Implementation of an Apprenticeship 

In a consulting organization, it is a standard procedure to 
pair less experienced employees with an experienced ana-
lysts. If you are getting started at your organization and do 
not have access to an internal simulation expert, we 
strongly recommend that you budget for consulting assis-
tance as part of the cost of the simulation model. A good 
consultant can help you build the model and educate you 
on the simulation process. If you are in this situation, it is 
likely that your simulation models will be of a similar type 
and scope. Because of this, learning the modeling process 
once should easily translate into future models. Where be-
ginning modelers have followed this process, they have 
generally become successful at the simulation process. 

Projects requiring large-scale simulation models pro-
vide perfect opportunities for simulation apprenticeships. 
These projects have more budget and longer development 
schedules than small projects requiring small-scale to me-
dium-scale simulation models. 

If your organization is new to simulation, some simu-
lation software companies as well as independent simula-
tion modeling consulting organizations offer a mentoring 
service.

5.3 Success Story 

A major aerospace company has implemented a program 
where new modelers work with a mentor on progressively 
more difficult modeling problems. These problems begin 
with textbook cases and progress into real-world applica-
tions. This has been successful in reducing the time re-
quired to train an analyst, improving the quality of the 
modeler’s work, and identifying those who are not well 
suited to simulation modeling early in the process. 

5.4 Exceptions 

Of course, there are individuals who have a natural ap-
titude for simulation modeling and “see” the model without 
needing significant instruction or mentoring. Good exam-
ples are Martin Zand and his group at the University of 
Rochester (Zand, 2004) and Benjamin Wang and Robert 
Manning (Wang 2004) who have applied discrete event 
simulation in a new area of application with a minimum of 
input from experienced modelers. However, it is safe to 
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comment that most new modelers would significantly 
benefit from working with an experienced simulationist. 

6 CONCLUSIONS 

A simulation modeler who is able to successfully model 
complex, real-world systems requires a range of skills not 
readily acquired by academic studies alone. Regardless of 
the background of the simulation modeler, an either formal 
or informal apprenticeship is recommended for getting 
started in simulation modeling. 
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