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ABSTRACT 

How to introduce simulation is a fundamental educational 
issue in a variety of disciplines including industrial engi-
neering and operations management as well as product de-
sign and manufacturing.  This panel will discuss, compare, 
and contrast various perspectives and experiences concern-
ing introducing simulation to undergraduate and graduate 
students.  Topics considered by the panel include the fun-
damental purposes of a first simulation course, modeling 
and analysis assignments that are given, examination top-
ics, laboratory content, and term project experiences. 

1 CHARLES STANDRIDGE 

At Grand Valley State University, simulation is introduced 
to undergraduate and graduate students in the product de-
sign and manufacturing engineering program.  Product de-
sign and manufacturing engineering is a relatively new dis-
cipline that spans the product development and production 
life cycle. Curriculum topics includes determining cus-
tomer requirements, product design, materials and process 
selection, machine design, automated control systems, lean 
manufacturing, production systems organization, work en-
vironments, material handling, and supply chains.  Simula-
tion as well as optimization are seen as fundamental analy-
sis tools to be applied in multiple topical areas. 

Currently, students in the BSE and the MSE programs 
take essentially the same introductory simulation course.  
By the end of the course, students are expected to be able 
to use simulation in the design and analysis of production 
systems common in this area of lean manufacturing.  Kan-
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ban systems and cellular manufacturing systems are em-
phasized.  Issues involving both work-in-process (WIP) 
and finished goods inventories (FGI) are included.  Setting 
resource levels, such as the number of machines at a sta-
tion, to meet lead time requirements is discussed.  Under-
standing worker movement in manufacturing cells is im-
portant. 

Model building and experimentation are given equal 
emphasis.  Simple analytic models are employed as part of 
simulation experimentation activities to set initial values 
for model parameters as well as for validation and verifica-
tion.  The minimum number of machines needed at a work 
station can be computed.  Initial estimates of finished 
goods inventory levels as well as kanban levels can be 
computed.  Work cell design and staff approaches are cov-
ered. 

The following types of assignments are given: 
 
• Software tutorials for one simulation environment 

and one distribution function fitting environment. 
The undergraduate students use ProModel and the 
graduate students use AutoMod.  

• Exercises on the operation of the simulation en-
gine and basic analysis of simulation results. 

• Exercises on the use of simple analytic models. 
• Case problems (Standridge 2000):  

− Setting the number of machines in a job shop 
to meet lead time requirements. 

− Establishing finished goods inventory levels 
and CONWIP levels. 
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− Assessing the operation of a manufacturing 

cell, including worker movement within the 
cell.  

• Industrial based term project. 
 
The software tutorials and exercises each cover one 

technical aspect of the simulation process.  In total, they 
prepare the student for performing the case studies and 
term project that follow. 

The industrial based term project allows students the 
opportunity to take what they have learned in the class and 
apply it to problems at their place of employment.  This is 
possible since co-operative education is mandatory for all 
undergraduate students and the vast majority of graduate 
students are employed full time in industry.   

The case studies replace the mid-term examination 
given in a traditional course.  The term project replaces the 
final examination. 

The course is taught in a computer aided teaching 
(CAT) studio (Standridge 2001) so that lecture and labora-
tory activities can be mixed as necessary.  Time is given 
during the scheduled class periods for work on the soft-
ware tutorials, exercises, case problems, and term project.  
Thus, student interaction with the instructor is encouraged. 

2 MARTHA CENTENO 

The undergraduate program in Industrial and Systems En-
gineering at FIU has one course on simulation as part of its 
3 course sequence in systems modeling and analysis, com-
posed of deterministic O.R., Stochastic O.R., and the 
Simulation course.  The simulation course is taken after the 
deterministic O.R. Course and could be taken before or af-
ter the stochastic O.R. course. The simulation course seeks 
to provide the industrial engineering students with an ap-
plied understanding of the role of modeling and simulation 
in the analysis of typical Industrial Engineering Systems, 
so that they are able to identify, analyze, and derive solu-
tions to problems in a system.  It also seeks to provide 
them with a basic understanding of discrete event simula-
tion modeling and analysis procedures.  In addition, stu-
dents are made familiar with the extent of the real world 
use of simulation modeling by having students review a 
series of five or six articles published in the open literature. 
The topics of the course have been mapped around the 
macro steps of the simulation modeling process.  Hence, 
the course has been broken down in modules: 1) theoretical 
modeling principles, 2) analysis of raw data to establish 
probabilistic input models, 3) practical methodology for 
conceptualizing and building simulation models, 4) verifi-
cation and validation of simulation models, and 5) analysis 
of simulation results.  All cases require a written technical 
report. 

The concepts are first presented in a lecture mode, 
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where examples from manufacturing and service systems 
are used to drive the point home; the lectures are followed 
by a hands-on lab activity.  Fundamentals concepts such as 
the elements of a system (entities, activities, resources, and 
controls) are explained via specific sample systems with 
which students are familiar.  Two sample systems are 
picked, based on the preferences of the class, as recurring 
examples for other concepts such as what kind of inputs 
are needed to build a simulation model, what kind of out-
puts would one desired out of the simulation experimenta-
tion, and so forth.   

Four types of assignments are used to allow students 
to put into practice the concepts learned: 1) homework for 
model abstraction, 2) guided hands-on laboratories, 3) 
team case project, and 4) individual reading and summariz-
ing of real world applications of simulation modeling.   

The homework assignments for model abstraction are 
given during the first 3 weeks of the course, and are done 
on paper, with no implementation on any software.  Stu-
dents are given 5 to 7 different systems, and are asked to 
identify the various components and to establish what in-
puts they would need if they were to build a simulation 
model. 

Guided laboratories are given once a week with a two 
fold objective: a) practice the concepts explained in the 
lectures and implement them using a commercial software 
package.  At FIU, we have been using ARENA; however, 
students are made aware that the concepts are not software 
dependent.  Five to six different sample systems are dis-
cussed in the labs and a model of each of them is built and 
run.  The lab sessions are interactive in the sense that if the 
class thinks that an assumption needs to be removed are 
added, the lab practice is modified accordingly.  If the class 
suggestions represent a major change to the lab objective, 
then an explanation is given as to the implications of it, and 
their suggestion is implemented only partially. The sample 
systems for which models are built are drawn mainly from 
manufacturing and service systems.  In addition the lab as-
signments, students are encouraged to build models of the 
well defined systems that appear at the end of the chapters 
in their textbook; however, these are not submitted for 
grading. 

This course does not require an actual industry project, 
but a significant number of Senior Design projects, which 
are industry projects, use simulation successfully.  Instead 
of a project, there are three case studies assigned each se-
mester.  Students are teamed up in duos or trios, depending 
on the number of students in the class.  Team composition 
is assigned for case 1, but students choose the composition 
for cases 2 and 3.  The case resembles and industrial appli-
cation, but is under controlled conditions.  Students are 
given a statement describing a system about which man-
agement has some concerns.  No clear objective of the 
simulation study is given as it is part of the practice stu-
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dents are expected to acquire.  Each case emphasizes mod-
eling and model building principles and one of three main 
activities: 1) analysis of inputs, verification and validation, 
and 3) analysis of outputs.  Typically, students have 4 
weeks to work on a case. 

For the first case, minimal data is given with the sys-
tem description.  The team members are expected to brain-
storm and decide what the goal of the simulation study 
should be, what assumptions to make, and what data they 
need.  For about five of the activities in the problem sys-
tem, the team would receive computer generated raw data, 
and they are expected to establish the probabilistic models 
using the appropriate goodness of fit techniques and ls.  A 
step by step practice guide of ARENA’s Input Analyzer 
and Experfit are made available to the entire class via the 
web, so they do not have to do the analysis all using Excel. 

For the second case, most of the data is given to the 
student in the “plug-into-model” form.  Depending on how 
well the class did in case one, sometimes it is necessary to 
have them do a couple of goodness of fit tests in case two 
to further strengthening their understanding of the con-
cepts.  Pseudo “real world” data is made available to the 
teams for one or two of the activities so that they can vali-
date the model.  Verification is done using empirical ap-
proaches such as walkthroughs.  A step-by-step guide of 
ARENA’s debugger is made available via the web. 

For the third and last case, all data is given in the 
“plug-into-model” form.  The emphasis is on the teams 
clearly identifying the boundaries of the simulation study 
(study’s objectives experimental conditions), and on en-
gaging in the analysis of the outputs and evaluation of al-
ternatives.  A step-by-step guide of ARENA’s process ana-
lyzer and ARENA’s Output analyzer is made available via 
the web. 

Examinations are the most difficult part to prepare.  In 
addition to the theory (definitions, etc.), students are ex-
pected to show understanding model abstraction and model 
building.  The lab assignments and the cases are not 
enough to measure individual mastery of these skills.  
Hence, the three examinations (including he final), also 
have a model building problem.  The graphical nature of 
ARENA has posed a challenge for this part.  So, students 
are given the syntax of the text version of the blocks, and 
are asked to combine the graphical version of the blocks or 
modules with the text version.  The model building prob-
lem is graded more looking for the skill of model building 
using ARENA, and not for syntax. 

3 BJÖRN JOHANSSON 

The primary target for our introductory course on manufac-
turing systems, where we discuss discrete event simulation 
for the first time, is to make the students aware of the po-
tential of discrete event simulation for analyzing the dy-
2

namics of a manufacturing system. The students will after 
this short introduction (approximately 4 hours total) have 
“ordering-competence”, i.e. know where to find experts on 
discrete event simulation and what kind of problems they 
are capable of solving.  They will also have an understand-
ing regarding the requirements for conducting discrete 
event simulation projects. 

The second contact with discrete event simulation is in 
the simulation course, which has its main focus on discrete 
event simulation (90%), and some smaller guest lectures 
on for example assembly simulation, robot simulation, 
metal cutting simulation, fluid dynamics simulation, mani-
kin simulation etc… 2 hours each (which totals to about 
10%).  
 This discrete event simulation course has the primary 
objective set higher: The students will understand the po-
tentials, setbacks and requirements on discrete event simu-
lation of manufacturing systems. They will also have basic 
skills in discrete event simulation project methodology, 
data collection, coding, modeling, statistical distributions, 
verification, validation, experimental design and analysis 
of output data. Additionally the students will have the 
knowledge to manage discrete event simulation projects 
including being a competent player in the actual execution 
of the project.  

We (Department of Product and Production Develop-
ment at Chalmers University of Technology) use Automod, 
which comes with a large “tutorial manual” named Getting 
started with Automod (Banks 2004).  Getting started with 
Automod is used as a base for voluntary homework. 

The examination is made in two steps (in the simula-
tion course). 

Firstly we have a small written classroom exam on the 
basics of simulation, where we check if the student did ac-
tually listen when participating in class. It will consist of 
about five to ten questions on basic discrete event simula-
tion, such as:  

 
• Describe the methodology used when conducting 

a discrete event simulation project. 
• What is the difference between Verification and 

Validation of a DES model. 
• Describe five potentials which can be achieved 

when utilizing discrete event simulation for manu-
facturing systems. 

• Describe five traps during the conduction of a dis-
crete event simulation project, and how to avoid 
them. 

• Etc….. 
 

Secondly we have a large discrete event simulation 
project; time for the project is approx 5 weeks. This project 
is conducted in pairs of students. The project follows the 
classical discrete event simulation project methodologies 
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described by such as Banks (2004), Law and Kelton 
(2000), Pedgen et al (1995).  

The students get information on how the manufactur-
ing system is characterized and all needed input data. Ad-
ditionally they get a list of investment cost for improving 
the facility and a budget of $150 000. In short, the task 
then is to: 

 
1. make a project plan  
2. model the factory  
3. make an experimental plan 

(a) find the bottleneck 
(b) eliminate it 
(c) iterate until the budget is used up  

4. write a project report 
 

After each week, we have checkpoints to follow up 
each project, in order to see that all pairs are on track and 
will be able to finish the project on time. 

The evaluations of the course do have very high 
grades from the students especially on the project part. But 
they do on the same time say that the course is very, very 
time consuming and hard.  

(From my point of view as a teacher I can see a con-
nection on time spent and amount of knowledge 
achieved!!) 

We use one simple variant of a laboratory exercise in 
the manufacturing systems course.  

This exercise is conducted as follows: 
 

1. Collecting input data (Cycle times, buffer sizes, 
number of pallets used in the system) from a 
real world laboratory conveyor system 

2. Put the collected data into a predefined model 
made in Automod 

3. Run the model and analyze output data 
4. Find the bottleneck  
5. Suggest actions taken in order to increase the 

system output 
6. Change the model accordingly (with help from 

a laboratory assistant) 
7. Run the model and analyze output data 
8. Compare with previous run 
9. Conclude 

 
During the simulation course we use another labora-

tory exercise, which aims more at solving manufacturing 
system related problems, such as bottleneck detection, 
buffer balancing, resetting problems, and routing problems. 
A laboratory task is described. After that we have some (3-
5) two hour computer room lectures with laboratory assis-
tants attending to help on the task. This exercise is mainly 
made out of two purposes: 
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1. Getting to know the simulation package (in this 
case Automod) before taking on the large pro-
ject described above on point 3. 

2. Understanding the dynamics of manufacturing 
systems, including coping with the problems 
without investing in new machines. 

3. Several, about twenty per year, master of sci-
ence students who takes the simulation course 
do also try to find a master thesis project (pro-
ject duration 20 weeks) within the field of dis-
crete event simulation. Some of these projects 
can be found as part of  case studies in papers 
presented at previous Winter Simulation Con-
ferences (Johansson and Kaiser 2002, Johans-
son et al 2003). 

4 INGOLF STÅHL 

I shall here talk about how I how been teaching simulation 
to over 7000 business students in Sweden, Norway and the 
US since the mid-70s. I have mainly been teaching simula-
tion in three different forms: 

 
1. As a small part (2 – 4 hours) of a Management 

Science, or introductory computer, course, aim-
ing at a rapid introduction to simulation. 

2. As a ten hour part of a course on computer 
methods, presenting the main ideas of simula-
tion modeling. 

3. A full forty hour course, going slightly beyond 
the technical material under point 2 above, but 
involving a substantial simulation project. 

 
There are some common objectives for these three dif-

ferent courses. A basic goal for all is to give our business 
students at least some idea about discrete event simulation, 
by using a simulation package.  It should be stressed that 
our business students generally have no knowledge of 
computer programming and have only had some introduc-
tory statistics. Our focus is hence on creating informed 
buyers of simulation services. Some knowledge of simula-
tion modeling is e.g. important for making reasonably real-
istic time assessments of the work of a simulation special-
ist. Knowledge of simulation is also important for being 
able to "sell" the idea of making a larger simulation project 
to top-management. 

Furthermore, in the courses with at least ten hours, we 
have aimed at giving our students enough simulation 
knowledge to be able to do some rapid prototyping, which 
can sometimes be used directly as a “quick-and-dirty” 
model to solve an immediate problem or be the basis for 
discussions with simulation experts when producing an ex-
tended simulation model.  
7
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 I furthermore think that simulation also has some spe-
cific issues to bring to the mind of the business student:  

Simulation can replace, or at least complement, other 
Management Science methods, such as queuing theory, 
inventory theory, PERT/CPM and decision analysis (Ståhl 
2005). Our students have appreciated this, since this has 
implied a greater focus on solving problems and fewer 
methods to be learnt (and forgotten).  

Our students need understanding of the physical flows 
that constitute the reality behind the financial flows and of 
the importance of manufacturing. Simulation is one way of 
giving business students an introductory understanding of 
some problems in the areas of production economics, ma-
terial handling, inventory management, etc. Closely con-
nected to this is the demonstration of the connection be-
tween the physical activities and the consequential 
financial flows.  

It should be mentioned that we have in all three types 
of courses used a simulation package and allowed the stu-
dents to do some modeling on their own. It is my belief 
that as long as at least two full classroom hours are avail-
able, one should try to teach some basic simulation model-
ing. This is better than a very broad overview, without any 
"hands on" experience. A student can get some idea about 
both the potentials and restrictions of simulation only by 
doing some kind of simulation modeling..This will also 
make simulation fun. Our students have done interesting 
things, in the form of non-trivial simulation programs, after 
only a very short period of learning. 

After two hours our students model “Joe’s barber-
shop”, producing full queuing statistics, including also his-
tograms (Born and Ståhl, 2004). By varying the parameters 
of uncertainty, the students can study the effect of uncer-
tainty on queuing behavior. After four hours they simulate 
“Boris vodka shop”, which produces surprising and reveal-
ing statistics on queuing behavior (Ståhl 2000).  

After ten hours, the students do, as the main part of the 
examination, a simulation model of a small furniture com-
pany, based on a real case study (Ståhl 1996). This model 
involves decisions on production, inventory and planning 
and produces profit/loss accounts and balance sheets as well 
as graphs of the development of cash. The students make 
several runs to insure both good profitability and a low 
probability of bankruptcy.  

In the forty hour course, usually with the first ten hours 
almost the same as in the preceding paragraph, I also make 
the students work through the whole simulation process as 
regards some concrete problem, usually in business. In this 
way, the student can actively learn the whole process, from 
delimiting the problem, formulating the question to be an-
swered, gathering data, outlining the model graphically, 
coding the program, verifying, validating and document-
ing, running the program a sufficient number of times, do-
ing a statistical analysis for drawing significant conclu-
22
sions, and presenting the results in a form suitable for a 
potential user, with a focus on implementation. 

The students first make a reasonably valid simulation 
model of the present set-up. They gather input data (on 
items like arrival, service and waiting times) from the real 
system and then compare the output data (e.g. on waiting) 
from the tentative model with this real data. Finally, the 
students provide and test a suggestion for an improvement 
of the system.  This project determines the main part of the 
grade of the course. 

I have in such courses had good experience of students, 
in groups of two or three, doing project work in different 
corporations, for example in banking, telecommunications 
and retailing. Some projects have dealt with "sales support 
simulation models", where the simulation model is run on a 
laptop and the program is run interactively with a client, 
regarding e.g. the optimal configuration of a corporate 
telephone exchange system. Many of the project programs 
have had continued use in the corporations and some stu-
dents have been hired on the basis of such a project. 

All my teaching has been done in computer labs. I 
have found this important, since I can then be assured that 
the students have understood the mechanics of the simula-
tion system. The students will here, under my supervisions, 
also solve exercises of gradually increasing complexity. 

We have in all courses used the WebGPSS (or micro-
GPSS) package. WebGPSS is a stream-lined, GUI and Web 
based, version of GPSS, developed gradually over 25 years, 
mainly on the basis of feedback obtained from 7000 stu-
dents. In the process, many complicated and redundant syn-
tax features have been eliminated. Thus WebGPSS has only 
18 block types, compared to the 70+ block types of other 
GPSS versions. Thanks to these simplifications, we now 
cover in ten hours the same material that required 22 hours 
with “old” GPSS. Yet WebGPSS is almost as powerful. We 
have rewritten 99 percent of the programs in leading GPSS 
textbooks with the same amount of code. 
 WebGPSS is presented in Ståhl (2003). It is available 
on the Web at <www.webgpss.com/ENG>. There is 
also a stand-alone version on a CD. WebGPSS is supple-
mented with program examples, a score of tutorial lessons 
and a large set of help pages. We have selected WebGPSS 
since the short time needed to learn this system leaves a lot 
of time in the full course to spend on e.g. the issues of col-
lection and evaluation of input data, the principles of ex-
perimental design, statistical analysis of the output, aspects 
of implementation, etc., i.e. issues left out in many courses 
where most time is spent on a difficult-to-learn simulation 
system. 
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