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ABSTRACT 

Computer simulation is an experiment using a computer model to represent a unique system.  Variables are defined and 
parameters to be study are monitored and recorded. Growing capabilities and decreasing costs of microcomputers are 
placing this powerful tool at the fingertips of scientists and engineers. In the past, the use of digital computers in simulation 
required a considerable amount of programming effort. This is no longer a true statement.   

Simulation provides the student with a greater breadth and depth of information on which decisions could be made. It is 
also considered one of the most valuable and flexible decision making tools available. Flexible simulation and animation 
models developed using a multitude of software’s available in the market today is considered a very powerful and effective 
approach in engineering education. Simulation and animation models could easily be used to solve complex and dynamic 
problems in both the classroom and real life. 

Computer simulation techniques and soft wares have been used for more than a decade to help engineers in 
development, trouble shooting, problem solving, and decision making process. The new paradigm in computer simulation 
is the use of animation and virtual reality to build engineering models and animation, simulate operations and 
performance. The fantastic progress in computer hardware and software industry has now opened a new and higher level 
of teaching computer simulation. 
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INTRODUCTION 

The role of simulation is to evaluate practical alternatives either in support of major strategic initiatives which might involve 
a large financial investment, or in support of the continuous search for continuous improvement at operational and tactical 
levels.  Examples of such evaluations include changes to the product mix, increases or decreases in production volumes, 
improvements in throughput, shorter lead times and improve customer response times.  Simulation provides the students 
with a greater breadth and depth of information on which to base decisions: it is not an optimizing tool. It is capable of 
handling the complexity of large systems. 

Visual Interactive Simulation has features for graphical creation of simulation models, dynamic display of the simulated 
system and user interaction with the running program.  Interaction implies that the simulation halts and requests 
information from the user, or the user stops the simulation at will and interacts with the running program (Hurrion 1986). 

Microcomputers and associated software have brought the power of management science techniques and models to the 
fingertips of engineers and even managers for everyday decision making.  The application of simulation is a powerful 
technique to solving and uncovering satisfactory solutions to difficult problems. 

COMPUTER SIMULATION 

In its broadest sense, computer simulation is the process of designing a mathematical/logical model of a real system and 
experimenting with this model on a computer.  Thus simulation encompasses a model building process as well as the 
design and implementation of an appropriate experiment involving that model.  These experiments, or simulations, permit 
inferences to be drawn about systems and their operation without actual construction of the system.  The simulation model 
could be modified for various experiments without costly, unsafe, and destructive procedures.  In this way, simulation 
models can be used for design, procedural analysis, and performance assessment. 

The student's response to the use of discrete or continuous event simulation using both programming language and a 
flexible simulation and animation package has been unprecedented.  From the beginning, programs such as SLAM, 
SIMAN, SIMFACTORY, FLEXSim, ARENA, WITNESS, TAYLOR, and Simio among others have been utilized to 
familiarize students to simulating real life problems. The model is then manipulated and results are compared.   

Simulation modeling assumes that we can describe a system in terms of acceptable parameters for a given computing 
system.  In this regard, the key concept is the description of the state of the system.  Assume that a system can be 
characterized by set of variables, with each combination of variable and their values representing a unique state or 
condition of the system, then manipulation of the variable values simulates movement of the system from state to state.  A 
simulation experiment involves observing the dynamic behavior of a model by moving from state to state in accordance 
with well-defined operating rules designed into the model. Changes in the state of a system can occur continuously over 
time or at discrete instances in time.  The discrete instants can be establish deterministically or stochastically depending 
on the nature of model inputs. Although the procedures for describing the dynamic behavior of discrete and continuous 
change model differ, the basic concept of simulating a system by portraying the changes in the state of the system over 
time remains the same (Pritsker 1986). 

LITERATURE ANALYSIS 

One study indicated that more K-12 students use their home computers for computer games than for school homework 
assignments (National Center for Educational Statistics, 2003). Clearly, computer and video animations are a part of the 
daily lives of students at the K-12 level (Simpson, 2005). These same students have expectations of their educational 
environment that include the nuances of the technical environment such as multimedia, and complex interactivity (Squire, 
Giovanetto, Devane & Shree, 2005). Much like computer games, educational simulations and animations engage students 
in virtual worlds where they apply their knowledge, skills, and thinking in virtual situations (Gredler, 2004). Because 
learning in general, as well as how people learn is multidimensional (Gardner, Kornhaber, & Wake, 1996), simulations and 
animations provide multi-sensory interaction, visualization, and symbols. Visualizations and symbols augment human 
cognitive capacities and help to convey concepts and information (Tversky, 2001). Much more effective than tutorials and 
drills, simulations enhance motivation, transfer of learning, efficiency, and flexibility while being safe, convenient, and 
controllable over real experiences (Alessi & Trollip, 2001). 

Successful educational simulations merge the engagement power of games with instructional content, and, these games 
are fun but not frivolous (Prensky, 2005). According to Prensky (2001), The United States Military spends in excess of $2 
billion a year on training. Much of the training provided to soldiers includes the use of technology and simulations for 
learning. 

A number of internal validity studies were conducted in the early years of business gaming, comparing learning from 
games with learning from the case method within strategic management-type courses. The studies by Kaufman (1976), 
McKenney (1962; 1963), Raia (1966), and Wolfe & Guth (1975) found superior results from game-based groups versus 
case groups either in course grades, performance on concept examinations, or goal setting exercises. Estes and Smith 
(1979) found superior game-related results in basic management and management ethics courses. 

Dekkers and Donatti (1981) suggest that simulations have a positive effect on student motivation. Because they are 
actively involved, college students are engaged in the learning process rather than observers. Parente (1995) argues that 
simulations can “build an environment from which students can learn experientially”. Therefore, college students analyze 
situations from the inside, or the position of a participant. By making students active learners, we motivate them to learn 
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the material and succeed in the class. They also learn to view the material with a more critical eye as they make decisions 
themselves rather than passively accepting those made by others. Classroom simulations have been found to facilitate a 
deeper understanding of complex concepts (Dorn 1989; Dukes 2001; Jenkins 1992). Through reflection on direct 
experience, these exercises provide students with insights difficult to achieve through conventional pedagogical 
techniques. 

Several advantages of instructional simulations have been discussed in the literature. Among the advantages, simulations 
have the potential to do the following: (1) Improve teaching aims and methods (Lederman, 1999; Baillie, 2000; Orrill, 2001 
and Yeh, 2004). (2) Improve learning and practice (Baillie, 2000; Kneebone, 2000; Mangan, 2003; Boyd, 2004 and Turkle, 
2004). (3) Motivate students (Reigeluth, 1989; Baillie, 2000; Yarger, 2003 and Mitchell, 2004). (4) Save operational cost 
and time (Lederman, 1999; Mangan, 2003 and West, 2005). (5) Increase safety (Mangan, 2003 and West, 2005). 

VIRTUAL REALITY 

Graphical animation has been of great benefit to simulation practitioners as a communication tool. Virtual reality, or virtual 
interface technology, a new technology that creates the illusion of an interactive three-dimensional environment, holds 
promise as the “next step” in the expanding simulation’s role in communication. A joined software eng ineering project 
between the Human Interface Technology Laboratory and Auto Simulations, Inc., initiated to explore how virtual reality 
might impact simulations and to gain insight into bringing the technology to current educational and commercial simulation 
software packages. A manufacturing simulation program based on part of an actual factory’s production line was 
constructed and both workers and managers from the facility were asked to evaluate the virtual factory. Auto Simulations’ 
AutoMod and AutoView manufacturing simulation packages were chosen as the representative commercial system. 
Evaluation results were generally positive; however, there are more issues to be addressed before this exciting technology 
can be proven as the alternative to existing screen-based systems (Jones 1993). 

Simulating manufacturing operations to check feasibility and efficiency is becoming common place in manufacturing.  Low 
cost computer power makes comprehensive simulations affordable and software makers make them easier to create and 
watch. Simulations can put someone in a welding cell or a paint booth, for instance, to monitor the work of both human 
operator and the robot. One can take a bird’s eye view of an assembly line as the assembly line runs in animation made, 
allowing users to interact with or change the virtual manufacturing environment (Owen 1995). 

BUILDING A GENERIC ANIMATION MODEL 

Since the main function of animation is to serve as communication tool, an animation needs to be visually accurate to a 
user. When presenting to managers, a visually accurate animation can increase the credibility of a simulation model and 
analysis. Currently, it is feasible to build a generic simulation model in a reasonable time period that gives to the user the 
capability of changing the system scope, the characteristics of the whole system or specific objects, and object names. 
The animation associated with the generic simulation must be able to display all of the changes made by a user in the 
simulation (Benjamin 1994). 

This analysis covered a continuing effort to determine how animation is most effectively used for both model validation and 
model communication.  It examined how to effectively use animation to display invalid model behavior. The invalid 
behavior displayed by each animation is a violation of an explicit model assumption. Two animation displays (moving icons 
and graphs) were evaluated individually and in combination at two different presentation speeds.  The communication 
ability of each animated presentation was measured both subjectively and objectively. Objective measurements included 
the subject’s identification accuracy for each violation and their response times. The results showed that moving icon 
animation was superior to the other two displays and that subjects identified violations sooner when the animation was 
shown at the slower of the two presentation speeds (Swider 1994). 

The process for the successful development of a simulation model consists of beginning with a simple model which is 
embellished in an evolutionary fashion to meet the problem-solving requirements. Broadly speaking, the stages of a 
simulation project can be broken down into four major sections: Problem Definition, Model Building and Testing, 
Experimentation and Project Completion (see Figure 1). 
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Fig 1:  Simulation and Animation Flowchart 

Establishing Objectives 

The first step in any simulation project should be to set the objectives which is the statement of what should be achieved. 
Typical objectives may include: increase throughput and efficiency of the system.  The objective should never be just to 
build a simulation model. There may also be some more general project objectives related to time scale, run speed or 
visual presentation. 

The programming scope and level of detail determine what should be included in the model and to what detail. Bear in 
mind that it is important to begin modeling the minimum and which parameters are listed as the deterministic variables. 
More detail does not necessarily mean more accuracy. 

Model Building and Testing 

This section contains the structure of the model, building the model, verifying the model and validating the model. The 
testing of a simulation model should include verification and validation. 

Whenever an estimate is used it should be declared as an assumption upon which the model is based. If the model later 
proves inadequate as a representation of the real world situation then assumptions upon which it was based may be 
placed under further scrutiny.  

Prior to building the model, it is extremely useful to map out or structure how the model will look on paper. The structure or 
map of the model can help to get on overview of the whole model and map out any of the complex areas where further 
investigation is needed. 

Model building should be approached by taking small steps at a time; coding, documenting and verifying. Before 
continuing onto the next step you should be confident that the step completed is working as intended. If this process is 
followed models are created with accuracy and are well documented. When finished, a complete self-explained simulation 
case is obtained. 

Model Verification and Validation 

The verification should consist of checking the code, inspecting output reports and checking that the elements modeled 
relate to the real world elements that they are representing. The correct behavior of the model needs to be verify by 
analyzing and verifying that every element in the simulated environment behaves as it is expected. In order to achieve this 
verification, statistics may be calculated and monitored temporarily during the process of structuring and developing the 
model and then removed from the final model as necessary. 

A validation of the model should be performed upon completion of the model. This validation should test the overall 
accuracy of the model and the ability to meet the project objectives. This phase helps to establish credibility by giving 
confidence in the results. 
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There are various ways in which the model can be validated. One technique is to run the model and ask an expert to 
validate the performance of the model. In comparing the model to the real system, the results produced can be compared 
to historical data. Results from the real system and results from the model could be evaluated and compared. The model 
produced could also be compared to other models: mathematical models, deterministic models and other simulation 
models. 

Experimentation 

When you are satisfied that the model closely approximates the behavior of the real-life situation a number of what-if 
scenarios may be investigated. The scenarios to be investigated should have been defined within the original objectives of 
the simulation study. Successful experimentation typically involves using a warm-up period or starting conditions, deciding 
on a suitable run-length, and running the model with more than one random number stream. 

A warm-up period may be necessary to allow the model to reach a steady-state before results are collected. For example, 
it is highly unlikely that a production line would be completely empty of parts first thing on a Monday morning though the 
computer simulation would start from such state. A warm-up period of say a week would allow stocks to build up to a 
typical level. You could then instruct the model to disregard the results of the first week and start to collect statistics from 
Monday morning of the second week. It is possible to specify a warm-up period from the Model\Options\Detail menu or 
from the Experiment menu. 

A possible alternative to a warm-up period is to include some starting conditions within the model. At time zero parts are 
dispatched to various elements. The number of parts and their destinations correspond to a typical work-in-progress 
situation. There is now no need for a warm-up period as the model is being run from a typical real-life situation. Starting 
conditions may be created using active part arrivals or dummy starting condition machines which process large numbers 
of parts at time zero but are then made inactive for the remainder of the simulation. 

Although most simulation runs require either warm-up periods or starting conditions, some situations do not need either. 
For example, a model built to study customer service levels at a bank would preferably start from an empty state since 
banks do find themselves in that situation as they open their doors each morning. 

Any experiment involves running a model for a specified length of time under different circumstances. The length of the 
run should be determined by a number of factors.  The most important factor is that a reasonable sample of random 
numbers is taken from each of the random number streams used in the model.  Each run should aim to use at least 10-15 
numbers from each stream.  If one stream is being used to calculate a breakdown interval of between 1 and 2 weeks then 
a run length of between 20 and 30 weeks would be necessary.   

Another factor is the reporting period of the real-life situation being modeled. It makes little sense to calculate an optimum 
run length of 3 weeks and 1 day if you need to compare your model results with a real-life situation which reports every 30 
day period. 

It is important to run any model with random activity using several random number streams before any confidence is 
placed in the model's results. Otherwise it is possible that the results obtained are solely the consequence of the random 
number stream chosen rather than any model changes made by the user.  The number of runs required varies with the 
number of incidences of randomness within the model but a good rule of thumb is to run each variation of the model using 
the same four to five random number streams.   

Facilities to change random streams exist under the Model\Random Numbers pull-down menu.  Or the running of a model 
using a number of streams may be automated using the Experiment menu. 

Upon completion of the project, a number of tasks may need to be done. These include complete documentation, 
communicate results, prepare report and implement the recommendations. It is also useful, at the end of a simulation 
project, to review the overall project process and perhaps refine the process prior to starting the next project (AT&T ISTEL 
1995). 

It is a good idea to document the building of a model to facilitate its further use by a user at a later date. Such 
documentation should include the model structure diagram.  

The sources of data used, the assumptions made and the results obtained should also form part of the model 
documentation. If the project is documented as it proceeds then the documentation will prove to be a less complex and 
onerous task. It is recommended that any project documentation is completed before the presentation of results as there is 
often less inclination to document a project which has been laid to rest. 

CONCLUSION 

Undergraduate and graduate courses in simulation can serve their students and the industry by teaching and integrating 
animation as part of the simulation classes. The teaching process should include application and utilization of the results. 
The process of experimentation using simulation and animation and the verification of the output through practical and 
analytical techniques are an essential part of the educational process. 
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