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ABSTRACT  

A computer aided teaching studio provides a unique envi-
ronment for teaching an introductory simulation course to 
manufacturing engineers.  Each meeting can consist of an 
appropriate combination of lecture and computer-based ac-
tivities, depending on the topic.  Assigned exercises aid stu-
dents in learning methods.  Emphasis can be placed on the 
solution of case problems that serve as metaphors for realis-
tic simulation projects.  Since students have co-op or full 
time industrial experience, an industry-based project of the 
student’s own definition serves as a course capstone.  The 
case problem and project orientation of the course supported 
by the computer aided teaching studio makes examinations 
unnecessary.  Case problems are based on a set of case stud-
ies derived from topics of interest to practicing manufactur-
ing engineers.  Cases are organized into four modules: basic 
systems organizations, lean manufacturing, material han-
dling, and supply chain management.  Only the simulation 
methods needed to support the case studies are presented.  

1 INTRODUCTION 

A computer aided teaching (CAT) studio is a particularly 
well suited environment for an introductory course in 
manufacturing systems simulation.  Such a studio includes 
an instructor’s station with a computer connected to a 
video display device, audio output, and a VCR as well as 
one computer for each student or pair of students. 
 This teaching environment provides unique instruc-
tional opportunities for a manufacturing systems simula-
tion class.  Each class meeting can consist of an appropri-
ate combination of lecture and computer-based activities 
depending on the topic.  Exercises can be assigned to aid 
students in learning methods.  Simulation examples can be 
presented in animated form.  Emphasis can be placed on 
the solution of case problems that serve as metaphors for 
realistic simulation projects.  Since students have co-op or 
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full time industrial experience, an industry-based project of 
the student’s own definition can serve as a course capstone.   
 Case problem and project reports, models, and spread-
sheets used for statistical analysis and other computations 
are submitted electronically.  Grading includes running 
models and debugging them if necessary as well as a de-
tailed review of formulas and computational procedures. 
Students are able to submit work at the time the instructor 
has set aside for grading, generally the day before the class 
meeting.  The instructor provides immediate feedback via 
comments entered electronically into the submitted docu-
ments.  In addition, all student work is archived by the in-
structor.  General patterns of performance are discussed at 
the subsequent class meeting. 
 This paper presents an approach for defining the con-
tent of introductory undergraduate and graduate simulation 
courses for manufacturing engineers based on the capabili-
ties of a computed aided teaching studio.  The courses em-
phasize the manufacturing engineering problems addressed 
by simulation and a simulation project process (Standridge 
and Brown-Standridge, 1994) used to solve such problems. 
The simulation modeling and experimentation topics in-
cluded in the course are those needed to address the manu-
facturing engineering problems of interest. 

Manufacturing engineering problems and correspond-
ing simulation solution approaches are presented in a series 
of case studies.  Students are required to complete a series 
of case problems.  Each case problem is based on a case 
study.  The difficulty of the case problems increases 
throughout the course.  A term project drawn from the in-
dustrial work experiences of students, or the instructor if 
necessary, completes the course. 
 The topical content of the undergraduate and graduate 
simulation courses is described.  The operation of each 
course in the CAT studio is discussed. 
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2 BACKGROUND  

Several texts reflect the typical content of simulation 
courses for manufacturing engineers, industrial engineers, 
and management scientists. 

Law and Kelton (2000) as well as Banks, Carson, and 
Nelson (1996) are typical texts appropriate for a simulation 
course emphasizing experimentation topics.  Both begin 
with a general overview of simulation modeling without pre-
senting in great detail the constructs of any particular simu-
lation language.  The remainder of the texts thoroughly dis-
cuss and present basic concepts concerning simulation 
statistical and experimentation issues: fitting distribution 
functions to data, random number generation, sampling from 
distribution functions, analyzing the results from the simula-
tion of one alternative, and comparing simulation results be-
tween alternatives as well as verification and validation. 

Other texts are appropriate for a course based on the 
concepts embodied in a commercial simulation environ-
ment.  Pritsker and O’Reilly (1999) describe the AweSim 
simulation environment.  Emphasis is placed on the model-
ing capabilities of the Visual SLAM simulation language.   
Some discussion of optimizing system parameter values, 
random sampling from distributions, and simulation statis-
tical issues is provided. 

Kelton, Sadowski, and Sadowski (1998) present the 
ARENA simulation environment.  Emphasis is placed on 
using ARENA capabilities to conduct a simulation study 
including model building, fitting distribution functions to 
data, statistical analysis of simulation results, and anima-
tion.  Some discussion of random number generation, sam-
pling from distribution functions, and variance reduction is 
provided. 

Harrell, Ghosh, and Bowden (2000) present basic 
simulation modeling and experimentation concepts: fitting 
data to distribution functions, model building, validation, 
verification, and the analysis of simulation outputs.  Labo-
ratory assignments are provided to assist student in learn-
ing these concepts through their implementation in the 
ProModel simulation environment.  Term projects drawn 
from industrial applications are included.  

Simulation may play a prominent role in teaching an 
application area course.  For example, Dessouky et al. 
(1998, 2001) describe a prototype Virtual Factory Teaching 
System (VFTS) for use in a manufacturing engineering pro-
duction scheduling and control course.  An AweSim model 
represents the factory.  Students learn about a variety of fac-
tory design and operation issues as well as how to address 
them by building and interacting with factory simulations. 

Shore and Plager (1978) call for the use of cases in 
simulation education, emphasizing real-world applications. 
Standridge (2000b) discusses the application of the case 
based approach to simulation instruction.  Case studies 
show promise in providing a link between methods and 
their applications.  Case studies can show how methods as-
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sist in a decision process involving design, operations, and 
management issues.  Furthermore, properly constructed 
cases provide a “metaphor’ for real engineering problems 
and allow students to “simulate” the role of a practicing 
engineer or manager (Shapiro, 1984). 

Richards, et al (1995) discuss the use of cases in engi-
neering education.  The following benefits of cases are 
identified: 

 
Relevance.  Actual representation of real design and op-

erations issues faced by engineers and managers. 
Motivation for students.  The realism of the cases pro-

vides an incentive for the students to become 
more involved in the material they are studying. 

Consolidation/Integration.  Each case requires the ap-
plication of multiple concepts and techniques in an 
integrated fashion to address a single set of issues. 

Transfer.  Cases give students experience that can be 
applied to subsequent cases, other course work, 
and on the job situations. 

 
Based on Shapiro (1984), they conclude: 

 
“All three pedagogical approaches (lectures and 
readings, exercises and homework sets, and case 
studies) are needed in combination to create a 
learning experience appropriate for technology 
intensive disciplines, the careers these students 
will enter, and the capabilities of the students 
themselves.” 

 
Electronic submission of completed assignments is 

employed in the classes presented in this paper.  Standridge 
(2000a) discusses the electronic submission of student 
work in simulation classes.  Benefits identified include the 
following: 
 
1. Submission of assignments other than at class meeting 

times. 
2. Return of assignments as soon as grading is completed. 
3. Support for a short submit-evaluate-correct-resubmit 

cycle. 
4. Examining simulation models and the statistical analy-

sis of simulation results to provide a more detailed 
evaluation as well as to develop corrections and sug-
gestions for improvements. 

5. Avoidance of printing voluminous complex informa-
tion that can be better transmitted and assessed in its 
electronic form. 

6. Support for archiving assignments. 

3 COURSE CONTENT AND STRATEGY 

The Padnos School of Engineering at Grand Valley State 
University is located in urban Grand Rapids, MI.  One of 
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the missions of the school is to educate engineers to work 
within the west Michigan industrial base.  Thus, the school 
has an applied focus in both its undergraduate and graduate 
degree programs.  All undergraduate degree programs, in-
cluding manufacturing engineering, require 1500 hours of 
co-operative education that usually involves working in a 
west Michigan industrial setting.  The vast majority of 
manufacturing engineering graduate students are employed 
full time within the local industrial base.   Their job as-
signments typically include a wide variety of manufactur-
ing engineering related tasks. 

This context gives rise to the following requirements 
for undergraduate and graduate simulation courses in 
manufacturing engineering. 
 

1.  The courses must discuss the application of simu-
lation to manufacturing engineering problems 
found in local industry. 

2.   Students should be able to immediately apply 
what they learned in their full time or co-op job 
settings. 

 
From these basic requirements, the following learning 

objectives were derived: 
 
1. Students should learn the types of manufacturing 

engineering problems that simulation addresses. 
2. Students should learn and practice a process for 

solving problems using simulation. 
3. Students should learn simulation methods needed 

for solving manufacturing engineering problems. 
4. Students should learn how to effectively use one 

commercial simulation environment. 
 

Each course is comprised of modules.  The first four 
modules address the first course objective.  The scope and 
content of each of these modules were derived in the fol-
lowing way. 

A workstation is the fundamental operating element of 
a manufacturing system.  A workstation processes one or 
more individually identifiable items at a time. 

Most systems consist of multiple workstations.  In a 
serial system, each item typically visits all of the worksta-
tions in the same sequence as every other item.  If the 
processing time is close to the same at each workstation, 
the serial system is paced.  If the processing time varies 
among the workstations, the serial system is unpaced.  In a 
job shop a variety of items are processed.  Each type of 
item visits a subset of the workstations in a prescribed or-
der.  Which stations are visited and in what sequence var-
ies among the types of items processed. 

Thus, one module must cover modeling and experi-
mentation of basic manufacturing systems organizations: 
work station, unpaced serial line, paced serial line, and job 
shop. 
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Lean manufacturing issues are important.  Topics in 
this area include: pull (just-in-time) versus push operations, 
one piece flow, flexible manufacturing, cellular manufac-
turing, and complete automation.  Thus, a second module 
must cover modeling and experimentation related to these 
topics. 

Material handling topics include conveyors and auto-
mated guided vehicles.  The modeling and simulation of 
material handling systems is covered in a third module. 

Supply chain management, including inventory man-
agement and logistics, is significant manufacturing support 
issue.  Topics include: plant to customer transportation, 
automated inventory management, and warehousing.  This 
material is covered in the fourth module. 

Case studies organized according to a simulation pro-
ject process provide a desirable structure for the above 
modules by addressing both the first and the second learn-
ing objectives.  The benefits of case studies, previously 
discussed, meet the two fundamental course requirements.  
The simulation project process is the mechanism for creat-
ing the consolidation/integration benefit of the case study. 

Performing the simulation project process requires an 
understanding of simulation methods.  These include model 
building, experimentation, and fitting distribution functions 
to data.  In addition, understanding how the simulation en-
gine conducts a simulation experiment is helpful. 

Model building topics include various simulation 
world views as well as modeling approaches for the vari-
ous components of a manufacturing system: 
 

1. Arrivals of parts, orders, or other production 
requirements.  

2. A variety of operations at work stations including 
breakdowns and scheduled maintenance.  

3. Routing among the work stations comprising a 
manufacturing system. 

4. Batching. 
5. Inventories. 
6. Assembly 

 
These component models (Standridge, 1986) are pre-

sented using flow charting symbols without reference to 
any particular simulation language. 

Experimentation topics include: 
 

1. Verification and validation. 
2. Design and analysis of terminating simulation ex-

periments. 
3. Variance reduction using common random num-

bers. 
4. Animation. 

 
Two processes for fitting distributions functions to 

data are presented: the traditional process of selecting a 
family of distributions, estimating distribution parameters, 
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and conducting statistical goodness of fit tests, as well as 
an interactive, computer based process as implemented in 
distribution function fitting software.  Characteristics and 
common uses of the probability distribution functions typi-
cally employed in a simulation model are also discussed. 

The simulation engine processes a model and conducts 
the simulation experiment transparently to the user.  How-
ever, students seem to benefit from an overview presenta-
tion of what the simulation engine in doing.  This overview 
prevents the computations involved in executing a simula-
tion from becoming a mystery and yields an appreciation 
for how the simulation engine produces results from the 
model, experimentation specification, and the input data. 

Thus, the fifth module covers simulation methods: 
project process, modeling, experimentation, fitting distri-
bution functions to data, and simulation engine operations.  
This module meets the third learning objective 

In summary, a manufacturing simulation course may 
be divided into the following modules: 
 

1. Simulation methods. 
2. Modeling and experimentation for basic 

manufacturing systems organizations. 
3. Modeling and experimentation for lean manufac-

turing. 
4. Modeling and experimentation for material han-

dling. 
5. Modeling and experimentation for supply chain 

management. 
 
Students practice simulation methods as well as build-

ing models and conducting experiments using a commer-
cial off-the-shelf simulation environment appropriate for 
the students in the course.  This meets the fourth learning 
objective. 

4 COURSE OPERATION 

A course consists of the simulation methods that are in-
cluded from the first module in addition to the case studies 
that are covered from modules 2, 3, 4 and 5.  Assignment 
submission and evaluation policies and procedures are re-
quired.  The selection of the simulation environment for 
the course is important.   

The same text (Standridge, 2001) is used in both the 
undergraduate and graduate simulation courses. 

4.1 Undergraduate Course 

An introductory course in manufacturing system simula-
tion is required of all bachelor of science level manufactur-
ing engineering students in the Padnos School of Engineer-
ing at Grand Valley State University.  This course 
complements the optimization methods and analytic mod-
els presented in a required production scheduling and con-
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trol course.  Courses in basic statistical methods and qual-
ity control are prerequisite for this class. 

All students in the course have completed a minimum 
of 500 hours of co-operative education.  Some are concur-
rently engaged in a second 500 hours of work experience.  
Thus, all students have had some experience working in a 
manufacturing environment. 

The course meets 5 hours per week in a CAT studio, 2 
times for 2.5 hours each.  Assignments are submitted elec-
tronically via e-mail and due at the time the instructor has 
set aside for grading.  Assignments are graded and returned 
prior to the next class meeting. 

The manufacturing oriented simulation environment 
AIM (O’Reilly and Lilegdon, 1999) and the distribution 
function fitting package ExpertFit (Law and McComas, 
1999) are employed. 

Experimental results are transferred from AIM reports 
to an Excel spreadsheet via a text file.  The Excel spread-
sheet program is used for additional statistical processing of 
information such as the computation of confidence intervals 
and hypothesis testing to compare alternatives.  Time series 
plots and histograms are generated within Excel as well. 

The nominal topical coverage of the course is as fol-
lows: 

 
1. Simulation methods: 4 weeks. 
2. Basic systems organizations: 3 weeks. 
3. Lean manufacturing: 2.5 weeks. 
4. Supply chain management: 1.5 weeks. 
5. Material handling: 1.5 weeks 
6. Term project: 2.5 weeks. 

 
The simulation methods module includes the simula-

tion process, modeling, experimentation, fitting distribu-
tion functions to data, and the operations of the simulation 
engine.  Tutorials introduce the AIM simulation environ-
ment and ExpertFit.  Laboratory exercises assist students in 
learning experimentation methods as well as the operation 
of the simulation engine. 

The second module includes the basic organizations of 
manufacturing systems: single work stations, serial lines, 
and job shops.  Case problems require all students to mod-
ify existing models and perform all of the steps of a simu-
lation project as well as reaching and defending conclu-
sions as to buffer space requirements and capital 
equipment requirements. 

The third module covers lean manufacturing issues. 
Topics include the pull production strategy, one piece flow, 
flexible manufacturing, highly automated manufacturing, 
and cellular manufacturing.  Case problems require stu-
dents to develop new models from scratch about systems 
that are similar to but not exactly the same as those cov-
ered in the case studies. 
6



Standridge 
 

The fourth module covers material handling.  Topics 
include conveyors and automated guided vehicles. Case 
studies are of the same kind as those in module 3. 

The fifth module covers supply chain management.  
Topics include transportation between facilities, automated 
inventory management, and logistics.  Case studies are of 
the same kind as those in module 3. 

The term project provides a capstone for the course.  
Projects are defined by the students based on their work 
experience, solicited by the instructor from local industry, 
and extracted from the instructor’s industrial experience. 

Grades are determined in the following way.  Each of 
the four tutorials and laboratories in module 1 counts 6 
points for a total of 24.  Each of the case studies in mod-
ules 2, 3, 4, and 5 counts 14 points for a total of 56.  The 
term project counts 20 points. 

4.2 Graduate course for practicing engineers 

An introductory course in manufacturing system simula-
tion is required of various students in the masters degree 
program: 
 

1. All manufacturing engineering students who enter 
the program with an undergraduate engineering 
degree, 

2. All manufacturing operations students who enter 
the program without an undergraduate engineer-
ing degree, 

3. All students seeking a three-course certificate in 
production operations. 

 
Almost all students are employed full-time in manu-

facturing engineering or operations positions in west 
Michigan industry.  A typical student would not take both 
the graduate and the undergraduate course.   

Most graduate students would also take a course in 
production operations models that includes optimization, 
inventory models, and a discussion of alternative organiza-
tions for manufacturing systems.  In addition, students may 
take a material handling and facilities layout course con-
currently with the simulation course.  Since material han-
dling system designs are generally proven using simula-
tion, students are encouraged to complete a single project 
for both courses.  Knowledge of basic statistical methods is 
prerequisite for this course. 

The graduate simulation course meets once per week 
for 3 hours in a CAT studio.  Assignments are submitted 
electronically via e-mail and due at the time the instructor 
has set aside for grading.  Assignments are graded and re-
turned prior to the next class meeting.  

The manufacturing and material handling oriented 
simulation environment AutoMod (Banks, 2000) and the 
distribution function fitting package ExpertFit are employed.  
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The nominal topical coverage of the course is as fol-
lows: 
 

1. Simulation methods: 5 weeks. 
2. Basic systems organizations: 2 weeks. 
3. Lean manufacturing: 3 weeks. 
4. Material handling: 1 week. 
5. Supply chain management: 2 weeks. 
6. Term project: 2 weeks. 

 
The simulation methods module includes the simula-

tion project process, modeling, experimentation, fitting dis-
tribution functions to data, and the operations of the simu-
lation engine.  Tutorials introduce the AutoMod simulation 
environment and ExpertFit.  Laboratory exercises assist 
students in learning experimentation methods as well as the 
operation of the simulation engine. 

The second module includes the basic organizations of 
manufacturing systems: serial lines and job shops.  Case 
problems require all students to modify existing models 
and perform all of the steps of a simulation project as well 
as reaching and defending conclusions as to buffer space 
requirements and capital equipment requirements. 

The third module covers lean manufacturing issues. 
Topics include the pull production strategy, one piece flow, 
flexible manufacturing, highly automated manufacturing, 
and cellular manufacturing.  Case problems require stu-
dents to develop new models from scratch about systems 
that are similar to but not exactly the same as those cov-
ered in the case studies. 

The fourth module covers material handling.  Topics 
include conveyors and automated guided vehicles. Case 
studies are of the same kind as those in module 3. 

The fifth module covers supply chain management.  
Topics include transportation between facilities, automated 
inventory management, logistics, and project management.  
Case studies are of the same kind as those in module 3. 

The term project provides a capstone for the course.  
Projects are defined by the students based on their work 
experience, solicited by the instructor from local industry, 
and extracted from the instructor’s industrial experience. 

Grades are determined in the following way.  Each of 
the four tutorials and laboratories in module 1 counts 7.5 
points for a total of 30.  Each of the three case studies in 
modules 2, 3, 4, and 5 counts 15 points for a total of 45.  
The term project counts 25 points. 

5 SUMMARY 

A CAT studio provides an ideal environment for conducting 
an introductory simulation course.  The instructor may pre-
sent material in a visual and animated form.  The instructor 
may freely interact with students as they perform exercises 
and case problems on a computer.  Electronic submission 
and grading of assignments is facilitated.  Each class meet-
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ing may be an appropriate combination of instruction pres-
entations and student active learning assignments. 

Based on the CAT studio environment, one way of de-
termining the topical content of introductory simulation 
courses for undergraduate and graduate manufacturing en-
gineering students has been presented.  Course content is 
derived from the manufacturing engineering issues that 
simulation addresses.  Case studies serve as metaphors for 
actual industrial problems.  The case studies are partitioned 
into modules that deal with basic manufacturing systems 
organizations, lean manufacturing, material handling, and 
supply chain management.  A fifth module introduces a 
simulation project process as well as the simulation meth-
ods required to address the issues raised in the case studies.   

Students perform a series of laboratories and software 
tutorials to learn the simulation methods and a set of case 
problems of increasing difficulty that reflect the issues ad-
dressed in the case studies.  A term project drawn from the 
industrial experience of the students or the instructor serves 
as a course capstone. 
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