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Abstract:
Simulation is gaining recognition as an academic discipline with a core body of knowledge being developed. It is being taught to students from high school through graduate school. Simulation is also increasingly being used for education and training in many applications, e.g., medicine and the military. The use of simulation games is increasing for students of all ages and educational levels. This chapter describes the emerging academic field of modeling and simulation (M&S) including the need for simulation specialists, professional recognition of simulation professionals, academic programs in M&S, the economics of simulation, and the use of simulation-based games for education.  
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      1.0  INTRODUCTION

Modeling and Simulation is emerging as a new academic field. Part of the reason is that it is a large and growing economic enterprise which has created a large number of jobs in the US, Europe and Asia. The economic impact of the modeling, simulation and training (MS&T) industry has been well documented in the US and is described in this chapter. However, economics alone do not fully account for the emergence of M&S as a growing academic endeavor being taught at all levels ranging from first grade through graduate education. Why is M&S important to the field of education? The following list provides a partial answer.

· Simulation is applicable to students of all levels and ages (from first grade through graduate studies).

· Simulation helps students (of all ages and levels) to see complex relationships that would otherwise involve expensive equipment or dangerous experiments.

· Simulation allows for math, science and technical skills to be taught in an applied, integrated manner.

· Simulation provides students with new methods of problem solving.

· Simulation provides realistic training and skills for a multitude of career areas. It is used extensively in science and industries. 

· Simulation is cost effective and reduces risks to humans. 

The use of simulation in education does make a difference. Wenglinsky [1] found that classroom simulation use was associated with academic achievement in math and also with many types of social improvements (e.g., motivation, class attendance, and lowered vandalism of school property). His study was based on National Assessment of Educational Progress (NAEP) scores for US students. Similarly, studies of use of simulation for training in the medical and military domains have also shown positive results [e.g., 2, 3].

2.0 ECONOMIC CASE FOR MODELING AND SIMULATION EDUCATION

Simulation is a large enterprise that does not have a sufficient number of properly trained individuals to fill the many jobs that are being created.  According to a recent study prepared for the National (US) Center for Simulation, the Economic Development Commission of Mid-Florida, and the Florida High Tech Corridor [4] the modeling, simulation and training industry has made a major national economic and technical impact.  In 1998, national MS&T sales were over $3.5 billion and were expected to reach $5 billion within five years. Estimates of the number of simulation professions range from 25,000 to 50,000 in the US alone. Most growth is expected in the commercial sector, with sales rising from nearly $2 billion in 1998, to a projected $3.35 billion by 2003. The commercial sector’s share of MS&T sales will rise from 55 to 66 percent of the total MS&T sales (which includes both the military and commercial sectors). One other economic study [5] came to similar conclusions.

In the US, there is a shortage of qualified personnel in the M&S field because of an increasing demand in industry, the military establishment, and educational institutions. This shortage is acutely felt in Central Florida, because Orlando is the home of several military agencies whose primary mission is MS&T. Other areas in the US experiencing a shortage include the Norfolk and Washington DC areas, Atlanta and Texas. Existing graduate programs are just beginning or are only a few years old at several US universities (including the University of Central Florida in Orlando Florida, the Naval Post-Graduate School in Monterrey California, Old Dominion University in Norfolk Virginia, and Georgia Institute of Technology in Atlanta, Georgia). Additional programs area likely at the University of Arizona, the New Jersey Institute of Technology, the University of Orebro in Sweden and several other universities in both the US and Europe. However, shortages will continue for M&S professionals for at least ten years and it is anticipated that there will be at least ten graduate programs in the US and several in Europe by then.

2.1   Economic Analysis in Modeling and Simulation

Economic analysis is emerging as an important sub-specialty of the M&S field. Much of this is being driven by the US Department of Defense (DoD). As Waite & Smith [6] argue, “The economics of modeling and simulation, while only partially appreciated, are the fundamental motivation for M&S practice”. The topic has matured to the point where two influential international organizations in the field – the Simulation Interoperability and Standards Organization (SISO) and the Society for Computer Simulation (SCS) have recently chartered workgroups to better understand the phenomenon. In addition, the US DoD has established the Modeling and Simulation (M&S) Education Consortium that consists of US military and civilian universities that have a stake in advancing M&S for both education and practice. 

Gordon [7] categorized military uses of US military M&S into wargaming, experimentation, acquisition, evaluation, assessment, training, and decision support for combat operations. His analysis of the economic implications in these areas is summarized below. 

Looking 15-20 years into the future, wargamers use M&S to build immersive future battlespaces in order to evaluate future doctrine, strategy, and concepts. In these environments a mixture of current and hypothesized weapons are used against future foes in presumed future scenarios.  

M&S is so valuable to experimentation that one US Air Force general remarked, “Computer simulation has become a must. In fact, it may be the only way to represent the complexities of future warfare.” For example, in the Joint Expeditionary Force Experiment 99 exercise, over 100 simulations were used to create an immersive environment generating 2500 intelligence messages and 2100 intelligence updates per day through dedicated systems, and over 12,000 intelligence updates every 10 minutes through other real world systems. In comparison to using actual military forces, role players and message runners, preliminary evaluations show a 60-1 return on investment advantage to simulation.

An emerging area of interest in simulation economics is simulation-based acquisition (SBA). SBA is characterized by “emphasis on shared representations of objective systems through simulation and data, physically distributed but operationally collaborative operations among disparate participating agents, and synoptic cohesion and integrity of the virtually continuous evolution of objective systems out of nascent needs” [6]. The DoD vision for SBA [8] is “…to have an Acquisition Process in which DoD and Industry are enabled by robust, collaborative use of simulation technology that is integrated across acquisition phases and programs.” Its goals are to: (1) substantially reduce the time, resources and risk associated with the entire acquisition process; (2) i
ncrease the quality, military worth and supportability of fielded systems, while reducing their operating and sustaining costs throughout the total life cycle; and (3) enable Integrated Product and Process Development (IPPD) across the entire acquisition life cycle. It is estimated the use of SBA can reduce design cycle time by 50% on average and 2% in system life cycle costs – easily billions in savings [7].

3.0 APPLYING SIMULATION GAMES TO EDUCATION AND TRAINING

Games and simulations have long been a part of education and learning strategies. PC games provide the opportunity for knowledge or skills to be acquired and practiced to achieve understanding of the underlying models as well as the subject being taught [9].Educational games have supplemented classroom instruction for the teaching of social studies, math, language arts, logic, physics, and other sciences [10]. Simulation building games are an effective training tool for teaching urban geography and urban planning partly because they are very interesting [11]. In other types of games, players engage in competition following a set of rules to achieve specified goals. These games typically require at least a moderate level of skill and are entertaining and engaging.

PC games also have an array of applications and provide easy and engaging opportunities for practice and skill retention of those more abstract but critical thinking and decision-making skills. Games and simulations may not appear to be similar to instructional techniques, but as learning environments, they have some similar aspects. Both are interactive and foster active learning [9].. The differences between games and simulations relate to how players participate. Table 19.1 shows three examples of computer-based simulation games. For a simulation to have training value, it should help the learner to achieve understanding, be interactive, have a theoretical grounding, and not “play” the same every time (i.e., have a random component). The table is based on a taxonomy proposed by Shumucker [12] and shows that SimCity and Microsoft Flight Simulation 98/2000tm are simulations useful for education and training, while Pacman is not. 

Table 19.1. Three simulations and their attributes supporting education and/or training.
	Software (Environment)
	Understanding
	Interactivity
	Grounding
	Randomness

	SimCity (City, traffic, zoning)
	City planning, dynamic systems
	In design
	Well grounded in urban planning
	Citizen behavior, natural disasters 

	Pacman (None- pure game)
	None
	High
	None
	Little

	MicroSoft

FlightSim (Flying an aircraft)
	Flight dynamics, flight planning
	High
	Avionics, controls, displays, flight characteristics
	Weather


3.1 Scientific Basis for Simulation Games for Training

Salas and Canon-Bowers [13] conducted a recent review of the science of training that included a section on the use of simulation games for training. The basic conclusion was that while simulators are widely used for training, how and why they work still needs further investigation. A few studies have provided preliminary data (e.g., [14]). More systematic and rigorous evaluations of large-scale simulations and simulators are needed. Nonetheless, the use of simulation continues at a rapid pace in medicine [15] maintenance, law enforcement, and emergency management settings [2]. 

However, Salas and his colleagues have noted that simulation and simulators are being used without much consideration of what has been learned about cognition, training design, or effectiveness. They concluded that there is a growing need to incorporate the recent advances in training research into simulation design and practice. Simulation‑based training should be developed with training objectives in mind, and allow for the measurement of training process and outcomes, and provisions for feedback both during the exercise and for debriefing purposes, such as in after-action reviews (AARs).

The last several years have seen a considerable increase in the use of simulator and simulations for both education and training, and while the evidence for their effectiveness is growing, we still do not know many of the reasons why or how they are effective for training and educational applications [15].  

Technology continues to influence training systems, even though it is often employed without the benefit of findings from the science of training. Most of the widely used simulation games have been developed for commercial reasons and including education features has typically come as an afterthought. As we learn more about intelligent tutoring systems, multi‑media systems, learning agents, web‑based and other kinds of distance learning, instructional features may become more common [13]. Some simulation games, like SimCity have found such widespread use in schools that teachers have developed very good lesson plans for their use in the curriculum. 

The military, the commercial aviation industry, and more recently the simulation game industry are probably the biggest investors in simulation‑based training and the total investment in R&D may approach $10 billion per year in the US alone. These simulations vary in cost, fidelity, and functionality. Many simulation systems (including simulators and virtual environments) have the ability to mimic detailed terrain, equipment failures, motion, vibration, and visual cues. Others are less sophisticated and have less physical fidelity, but represent the knowledge, skills and abilities (KSAs) to be trained [14]. A recent trend is to use more of these low fidelity devices to train complex skills.  

Some researchers are studying the viability of computer games for training complex tasks. Gopher, et al. [16] tested the transfer of skills from a complex computer game to the flight performance of cadets in the Israeli Air Force flight school. Flight performance scores of two groups of cadets who received ten hours of training in the computer game were compared with a matched group with no game experience. Results showed that the groups with game experience performed much better in subsequent test flights than did those with no game experience [14].

3.2 Simulation Games for Military Training  

Tarr, Morris and Singer [3] examined the possibility of using PC simulation games for US military training. They concluded that PC games now have the capability to assist learning, transfer, and performance in a variety of domains, including substitution for real world training requirements. The PC gaming and simulation industry, largely driven by recent technology advances and consumer economics, has dramatically driven cost down while improving the quality and realism of games and desktop simulation technologies.   

Several different branches of the US military, are exploring the possible use of PC games as a supplement to some aspects of training. The initial investigations are focused on training that uses expensive real world exercises, or costly simulation technology applications such as head mounted display (HMD) virtual environments. Specific features of PC games are also being investigated as practice and feedback alternatives or classroom enhancements. The goal is to determine low-cost training alternatives for assignments that do not easily allow required job or skill training, such as assignments to Bosnia or on board ship.

Recent advances in PC technology, such as high-speed processors, expanded memory, and high-performance video cards with 3D capability have made high quality synthetic environments inexpensive. Additionally, commercial-off-the-shelf (COTS) game developers’ use of reputable military data sources for game models have made these games increasingly attractive to the military for inclusion in training [17]. For example, there has been strong acceptance of the Center for Naval Education and Training (CNET) plans to implement a formal training program around the Microsoft Flight Simulation 98/2000tm software [18, 19]. The military is also evaluating other games as potential low-cost flight simulators [17].

Games and simulations have always been a part of education and learning strategies, especially in military training. PC games provide the opportunity for knowledge or skills to be acquired and/or practiced in a variety of settings and contexts so that they may be understood, integrated, and accessible in future situations [9]. This type of environment is important today because a very large number of military deployments and Operations Other than War (OOTW) cause military personnel to move out of their basic warfare operations and into situations where there is little or no way to keep tactical skills, especially cognitive skills, current. 


Educational games have also been favorably compared to classroom instruction for the teaching of social studies, math, language arts, logic, physics and other sciences [10]. Simulation building games are suggested to be an effective training tool for teaching urban geography and urban planning because they add motivation to the learning process [11]. In other game types, players are engaged in competitive interactions in which they follow a set of rules to achieve specified goals that depend on skill and often involve chance and are potentially engaging and motivating. Business simulations and scientific simulations were found to be acceptable teaching tools in classroom settings [9]. 

Commercial uses of simulation are common in the medical community, NASA, nuclear power, and commercial aviation [20]. Additionally, the military uses the majority of simulator-based training programs. PC games have also been shown to enhance soldiers’ decision-making skills by providing practice with variation [21]. Games and simulations may not appear to be similar to instructional techniques, but as learning environments they have overlapping characteristics. 

Simulation and games are examples of experiential instructional methods in that they are interactive and foster active learning [9]. According to Brown [22] both require a temporary suspension of disbelief as participants accept a false situation as temporarily real. Their differences lie in how players participate. In training simulations, players participate in situations or processes in order to learn about specific real-world settings or procedures. Recent studies have suggested that PC simulation games can produce a general transfer of cognitive skills that have application to a wide variety of domain-specific tasks. Other studies have used recent PC games for conducting psychological research on the cognitive processes involved in problem solving, and strategy development [23].

Since PC-based technology is at a point where human inclusion or immersion is fundamental, the capability and feasibility of applying PC games to enhance performance, training, and educational utility is evident. The question becomes how to select and use specific games or portions of games for specific training requirements.

3.3 Simulations for Kindergarten though 12th Grade (K-12) Education

According to Shumucker [12] simulations are very useful for K-12 education. They help students explore new concepts, and gain an understanding of the interplay between related complex phenomena. Simulations typically incorporate free-play environments that provide the learner with experience in understanding how a set of conditions interact with each other. In the context of training and education “simulation is typically a software package that re-creates (simulates) a complex phenomena, environment, or experience.” Some, such as Microsoft Flight Simulation 98/2000tm can be bundled with special hardware input devices. The learner is thus presented with the opportunity for some new level of understanding. PC-based simulations are typically interactive and grounded in some objective reality. Educational simulations are also usually based on some underlying computational model of the phenomena, environment, or experience and usually have some degree of unpredictability. 

Simulation programs can be confused with visualization and animation. Shumucker [12] defines a data visualization application as “a software package that portrays a fixed data set in graphically useful ways.” A simulation is usually based on a set of computation models; parameters can be modified to generate many data sets. Thus, a flight simulator will contain a number of aerodynamic models, as well as other models for displays, controls, etc. In the case of a data visualization application, the goal is to gain an understanding of the underlying data set; in a simulation, the goal is to gain an understanding of the model. An animation which is typically a multimedia presentation, presents a graphical depiction that is always the same, for example, some movies are animations (e.g., cartoons). A simulation varies, since the parameters to the underlying model are (usually) different each time the simulation is run. 

3.4  Example of Educational Simulation

ActivChemistry [12] shown in Figure 19.1 is an example of an educational simulation of a chemistry lab. It is a chemistry construction kit providing the student with equipment and materials such as Bunsen burners, chemicals, and a wide variety of meters and gauges. Using these components, students perform experiments, gather and graph data or learn about new concepts in interactive and dynamic lessons. ActivChemistry illustrates several advantages of the use of simulation as compared with real equipment:

· Safety. It allows experiments to be done that would be too dangerous for most high school chemistry labs.

· Economy. It saves the cost of expensive equipment and materials.

· Learning Efficiency. The student using the program is not under the time pressures often found in the standard chemistry lab period and can complete exercises at a faster rate.
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Figure 1.  ActivChemistry. A virtual chemistry set construction kit grounded in chemistry theory. 

 4.0 ACADEMIC PROGRAMS FOR M&S
"Where do simulation professional come from?" and "Exactly what skills do simulation professionals need?"

A number of academic institutions have tried to answers these questions through programs that provide tracks, options, and degrees in simulation. Typically modeling is also taught at the graduate level of education. These academic institution's answers have, in turn, raised more questions such as: 

· "Are separate simulation programs needed?" 

· "Is there a sufficient body of knowledge to justify programs in modeling and simulation?" 

· "Do existing programs in other disciplines (e.g., computer science) provide sufficient simulation education to meet job demand?" 

· "What is a simulation professional?"

Recent analyses presented at a workshop concluded that there is an urgent national need for M&S professionals [24]. The workshop resulted in a strong consensus among individuals from industry, government, and academia that there is an exploding demand for M&S professionals in all sectors of the economy. It also concluded that the majority of education and training offered in modeling and simulation lacks a firm pedagogical foundation. It was predicted that the lack of qualified graduates with solid education and training in M&S would continue to get worse unless government and industry intervene and support rigorous M&S education and training as a discipline.  The workshop members concluded that graduate education in modeling and simulation needs to be considerably expanded to meet projected needs.  

Mostly MS&T employers are adopting an ad hoc solution to this national problem by hiring students from a variety of specialty areas (e.g., various disciplines of engineering, computer science, and human factors) in the hope that capable students with these kinds of disciplinary backgrounds can be sufficiently well trained on-the-job in the required M&S skills. While such job-oriented training may have advantages for the employer, it is unlikely to be the optimum way to produce the M&S professionals needed in the long run. These job oriented employee programs are unique to program circumstances and do not provide the broad bases of interdisciplinary skills that will be required with the growth of M&S technologies and applications.  

4.1 What it Takes to be a Simulation Professional

The increasing success of simulation methodologies and technologies for solving challenges confronting industry, government, the military, and education have driven demand. Simulation professionals are needed to:

· Discover, design, and develop basic simulation principles and methodologies.

· Design, develop, and manufacture simulation products.

· Manage and integrate simulation into projects. 

· Integrate simulation into the management decision processes.

· Teach other simulation professionals.

Table 19.2 shows a taxonomy of M&S areas of knowledge for a number of disciplines and for various types of M&S professionals (conceptual model developer, simulation model developer, and scientist). The table is by no means comprehensive but is meant to show the breath of knowledge and tools from various disciplines that are applicable to M&S endeavors. 

Table 19.2. A Discipline-Oriented Taxonomy of M&S Professional      Knowledge
	
	TOPIC
	Conceptual Model Developer
	Simulation Model Developer
	Scientist/

Experimenter

	Math & Physics
	Numerical Analysis
	Medium
	Low
	High

	
	Statistics
	Medium
	Medium
	High

	
	Linear Algebra
	Medium
	
	Medium

	
	Differential Equations
	High
	Low
	Medium

	
	Dynamics
	High
	
	Low

	
	Electric Circuits
	High
	
	Low

	Industrial Engineering
	Programming
	Low
	Low
	High

	
	Nonlinear Optimization
	Low
	Low
	High

	
	Sensitivity Analysis
	Low
	Low
	High

	
	Cost Models
	
	Medium
	Low

	Human Factors 
	User Interface Design
	
	Medium
	High

	
	Training Theory
	
	Medium
	High

	Software Engineering
	Modular Program 

Design
	
	High
	High

	
	Lifecycle Models
	
	High
	

	
	Verification & 

Validation
	High
	High
	

	
	Testing
	Low
	High
	Low

	
	Maintenance
	
	High
	

	
	Quality Assurance
	
	High
	

	
	Repositories
	
	High
	

	
	Metrics
	
	High
	

	
	User Interface Design
	
	High
	

	Computer Science
	Data Management
	
	High
	Low

	
	Database Systems
	
	High
	Medium

	
	Operating Systems
	
	High
	Medium

	
	Computer Networks
	
	High
	Low

	
	Distributed Systems
	
	High
	Low

	
	Artificial Intelligence
	Medium
	Medium
	Low


5.0 THE EDUCATION OF A SIMULATION PROFESSIONAL

Educational programs for simulation are now being taught from the high school level through the Ph.D. and are described in this section. Table 19.3 shows a sequence of courses for simulation education for students in high school, community college, undergraduate university, and graduate school. Both simulation courses and other technical courses are shown for each level of education. These courses and programs of study are currently being taught or planned by educational institutions in the Central Florida area.

Table 19.3. Courses for M&S High School, College, and Graduate School
	Level of Education
	Courses

Simulation                              Other Technical

	High School
	Simulation 1

Simulation 2

Internship (senior year)
	Physics

Chemistry

Algebra and Trigonometry

	Associate of Arts- (2 years of college) 
	Simulation Fundamentals

Advanced Simulation Systems

Simulation System Testing

Simulation System  Troubleshooting

Cooperative Work in   Simulation Industry
	Hydraulics, Pneumatics, and   Electromechanical Systems

Algebra and Trigonometry



	B.S. in Engineering Technology (university degree with specialty in Simulation Technology)
	Basics of Modeling and Simulation

Discrete Event Simulation

Continuous Systems Simulation I

Internship in Simulation Industry
	Technical Economic Analysis

Calculus Fundamentals

Engineering Statistics 

Applied Mechanics

Engineering Quality Assurance

Writing for the Technical Professional

	Graduate Degrees (M.S., Ph.D. degrees in Modeling and Simulation)
	Introduction to Modeling and Simulation

Quantitative Aspects of Modeling and simulation

Advanced M&S Research Practicum

Discrete Systems Simulation

Continuous Systems Simulation II

Interactive Simulation

Simulation-based Acquisition


	The Environment of Technical Organizations

Human Factors I and II

Ergonomics

Human Computer Interaction

Mathematical Modeling

Computer Communications & Networks Architecture

Operations Research

Etc… more than 80 courses 


5.1 High School Simulation Program

University High School (UHS), part of the Orange County, Florida, Public School System, offers perhaps the only fully developed curriculum in simulation of any high school in the US with a full four years program (9th grade through 12th grade) and more than 300 students enrolled. The program is in its fourth year. Students learn about cutting-edge technology involving computer graphics, information technology, web design as well as military and entertainment simulation. Partners include area high technology industries and government agencies involved in simulation, as well as the University of Central Florida’s Institute for Simulation and Training (IST). UHS and IST collaborated to develop a full multi-media program for the first year of the curriculum, Simulation 1 [25]. Several other schools and school districts, both in Florida and in other states of the US, are exploring the possibility of adopting the curriculum.  

5.2 Simulation Technician: First Two Years of College
A DACUM (Design a Curriculum) process was held by Daytona Beach Community College [26] to develop a curriculum for the simulation Technician two year Associate of Science degree.  

Table 19.4. Basic Skills and Knowledge for Simulator Technician 

	1. Basic knowledge of simulation 

    industry and simulators

2. Communication skills

3. Basic computer literacy

4. Ability to read schematics

5. Audio-video terminology

6. Electronic system design

7. AC/DC theory

8. Statement of work (SOW)

9. Technical publications

10. Capabilities of trainer

11. Computer software

12. How to advance in the field

13. Commercial, off-the-shelf 

      diagnostic software (COTS) 

14. SIM specific diagnostic software

15. Hydraulics/pneumatics

16. Manufacturing mil specs standards 
	17. Government technical manuals

18. Manufacturing standards 

19. IPC-601 certification

20. Instrumentation

21. Networking system administration

22. Customer furnished equipment

23. Bus architecture

24. Technical writing

25. Windows/Unix/Linux terminology

26. General SIM software architecture

27. Configuration controls/management

28. Modification procedures

29. Test equipment

30. Electronics (digital theory)

31. Troubleshooting techniques

32. Modeling and data

33. Mechanics

34. Optics




A DACUM process typically includes two focus groups each lasting a day with 6-10 subject matter experts and a facilitator. The third session includes faculty members and academic administrators who actually design the curriculum. Among the products of the two focus groups were identification of traits and ability, as well as basic skills and knowledge needed to become a simulation technician (Table 19.4). 

Traits and abilities include:

1.
Mechanically inclined

2.
Agility and manual dexterity

3.
Common sense

4.
Willingness to travel and relocate

5.
Ability to work odd hours

6.
Physical stamina
      5.3  University (B.S. Degree) Program

  The University of Central Florida is currently planning the third and fourth year curriculum to result in a B.S. degree in Simulation Technology.   Plans are that the Department of Engineering Technology will administer the program which may start in 2004.  Only two or three new courses will need to be developed specifically for the program.

      5.4 Graduate Education

The graduate program the University of Central Florida is attracting many  students who have prior working experience in simulation, and who wish to receive formal training and to conduct research in simulation. Local industry leaders have requested this program and have helped design the curriculum. They have expressed the desire that students have the capability to discover, design and develop simulation principles and methodologies, integrate simulation into decision processes of managers and leaders, and become professors of simulation programs in the country. Focus areas in the program include:

Advanced Mathematical Modeling and High-performance Computing: advanced mathematical modeling and computing related to high-performance M&S systems.

Human Systems in M&S: human modeling, situation awareness, decision-making, knowledge representation, intelligent architectures, human learning, human behavior, team training and performance, and human computer interaction.

Interactive Simulation: requirements, design, development and use of interactive simulation systems for knowledge transfer and training.

Networking and Computing Infrastructure: advanced, high-performance network test-beds, integrative architectures, and related technologies in support of distributed and large-scale simulation. 

Simulation Management: logistics, management, cost effectiveness analysis, and simulation-based acquisition and product development.

Simulation Modeling and Analysis: simulation optimization, random phenomena, experimental design, environmental modeling, and simulation of biological phenomena. 

Computer Visualization in M&S: visual representation and computer graphics, including virtual environments, and aspects of computer graphics.

As described above, the three US universities which have M&S Ph.D. programs include the University of Central Florida
, Old Dominion University
, and the Naval Post-Graduate School MOVES Institute
.

6.0 PROFESSIONAL CERTIFICATION IN MODELING     AND SIMULATION 

The Modeling and Simulation Professional Certification Commission
 (M&SPCC), under the auspices of the (US) National Training Systems Association (NTSA), has recently initiated a professional certification for simulation specialists. This is recognition that M&S has an identity worthy of professional certification. Further, it creates an identity for and builds cohesiveness across the modeling and simulation (M&S) community by establishing guidelines for determining professional competency. The certification process covers three core competencies: model-based disciplines such as physics, engineering, human behavior, or biology; the use of empirical based methodologies such as statistics and experiment design; and computer technology and computer science. In addition to these core competencies, a professional must exhibit a degree of knowledge supporting a common basis for communications, cooperation, and methodical exchanges across the diverse M&S community. This community includes discrete systems simulation, continuous systems simulation, and real-time systems simulation.

As M&S develops as a profession, more academic programs will be established, not only in the US, but also worldwide and simulation will become an increasingly important aspect of training and education. 
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