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Abstract

The focus of this paper is on the categorization, selection, design and use of computer-based simulations for teaching and learning in secondary and university math and science courses. Links to many web sites with examples and other sources of additional information are provided. 

Motivation

Having taught secondary and university science courses, I am interested in evaluating and using existing simulations for teaching and learning. Having a background in computer science and instructional development, I am also interested in creating my own simulations for myself and other teachers when existing simulations are unavailable or inadequate. In the past, I have created simple stand-alone and web-based computer simulations, selected commercial simulation programs, installed both in a computer lab, used them in my teaching, and helped and encouraged learners and other teachers to use them. However, I lacked an understanding of both pedagogical and design aspects of simulations.

Definition

A simulation is a “scaled-down version of a real life process or situation” (Heinich et al., 1999, 10; 319), or a realistic model of a structure or concept that captures its salient or relevant aspects. A simulation is an approximation, abstraction or simplification of reality. Simulations are used to analyze the behavior of a modeled system under various conditions (Towne, 1995, xxv).

Types and Capabilities

A number of examples of simulations and collections of simulations are listed in the sources at the end of the paper. The concept of a simulation is somewhat fuzzy, since simulations can be categorized along a continuum of a number of overlapping dimensions, such as the following: 

Equipment-based vs. Computer-based 

Simulations can be created using a variety and combination of media, such as paper and pencil, mechanical and electronic equipment, and computers. 

Simulators are dedicated simulation devices, such as a flight or driving simulator. Towne (1995, xxv) defines a simulator as a hardware and software system that provides some of the functionality of a real system. It may be a modified version of the original system, including some of the original parts and functions but excluding others. It is used to help people learn how to operate a complex system.

Computer-based simulations can employ bitmap and vector graphics, animation, multimedia, hypermedia, virtual reality, and artificial intelligence. They often use mathematical models of a physical device or process (Towne, 1995).

Stand-alone vs. Web-based

Computer-based simulations can run on a single computer, such as a multimedia CD-ROM like SimCity. They can involve the Internet as a delivery mechanism; for example, Web-based Java applets can be accessed by anyone with a Java-enabled browser. They can also use the Internet as a communication mechanism to facilitate learner-learner or learner-instructor collaboration, such as simulations with e-mail or chat features or a CGI application with a shared data space.

Realistic vs. Abstract

Simulations can have varied amounts of realism (Heinich et al., 1999, 323). This depends partly on the media; for example, computer simulations can use two- or three-dimensional photographic or ray-traced graphics, sounds, animation, and videos. More realistic simulations involve a variety of senses. Color, high resolution and perspective help make graphics more realistic. Simulations might be intentionally abstract to focus the learner’s attention on a few concepts or principles and remove complicating details. For learners to be able to transfer skills learned in simulations to the real world,  “perceptual fidelity” is less important than “cognitive fidelity” (Towne, 1995, xxv). Models can be functional, descriptive or representational. Substance properties like size and color are more concrete and direct representations than equations, graphs, formulas, numbers and abstract verbal descriptions (Khoo & Koh, 7).

Passive vs. Active

Some simulations are merely demonstrations for passive observation, such as scientific visualizations that present complex mathematical models in visual form instead of algebraic equations. These can be run sequentially, e.g. video clips, or can even be just a series of static images. It could be argued that a single static image of an abstraction such as a benzene molecule is a visualization but not a simulation, since simulations generally have a dynamic quality; some variable such as time or space must be able to change.

Other simulations allow the learner to actively manipulate one or more variables and see the effects on one or more variables in the system. These simulations tend to have branching such as computer programs with if-then statements if the variables can have a few discrete values, or an algorithm to solve a system of equations if the values can be continuous. The most learner-active simulations may require the use of planning, problem solving, scientific inquiry, critical thinking and creativity.

Structured vs. Unstructured

Educational simulation tools can be relatively unstructured, allowing exploration and informal, subconscious experimentation, but stand-alone instructional simulations must provide the learner with specific goals and requirements and directed instruction (Towne, 1995, xxii).

Confined vs. Immersive

Some simulations concentrate the learner’s attention on a single device or problem. Others attempt to create an entire simulated system, ecological environment, or world, such as SimCity or SimEarth. More complex simulations can take a much longer time and might require a feature to save state information so that the learner does not have to complete the use of the simulation in a single sitting.

Individual vs. Collaborative

Many types of simulations involve the dynamics of a group, such as role plays, meetings, dialogues and other open-ended interactions among people (Khan, 1997, 169). These types of simulations are often used in the social sciences and human relations. Role plays can involve counseling, interviewing, sales and customer service, supervision and corporate management (Heinich et al., 1999, 321). 

Other simulations primarily involve interaction with a simulated environment. These are often used in the natural sciences, such as in laboratories. Paper-based individual simulations can involve case studies, stories or historical events. They could be formatted as programmed instruction, e.g. “Read the following scenario. If you would choose action A, turn to page X. If you choose action B, go to page Y.”

Pure vs. Hybrid

Simulations are often more effective when combined with other types of instructional elements, such as problem solving goals, cooperative learning methods, tutorials or games. 

Merrill (1999) proposes a tutorial-based simulation creation system that uses a transaction model of instruction. Thirteen transactions, or instructional strategies, are grouped into three increasingly complex levels of categories: component (identify, execute, interpret), abstraction (judge, classify, generalize, decode, transfer), and association (propagate, analogize, substitute, design, discover). A general-purpose simulation engine provides adaptive instruction based on sound principles of instructional theory; the subject-matter expert merely has to enter the content. Merrill has developed a working prototype that exhibits the first three transactions.

Simulation games such as Carmen Sandiego or SimCity combine the realism of simulations with the motivational goal-oriented challenges of games, which have rules and prescribed goals that may differ from those in real life (Heinich et al., 1999, 316-7). 

Strengths

Simulations have a number of attractions for educators and learners and are becoming increasingly popular.

Simulations are relatively realistic. They can model or represent the motion and dynamics of complex real-world situations and systems and provide realistic practice. Many learners find this realism to be motivating. The learner interacts relatively directly with content, with less mediation and abstraction of text, equations or discussions  (Khan, 1997, 227-8). Also, complex simulations encourage problem definition and holistic, systems thinking rather than requiring the learner to solve narrow, pre-defined problems.

Simulations are relatively simple. They reduce the amount of complexity found in the real world and focus the learner’s attention on salient aspects of a topic. They can be used to graphically model and visualize invisible, highly abstract mathematical and scientific concepts. They can reduce the learner’s cognitive load so that learning can take place in smaller steps. They can be more reliable, predictable and controllable than lab equipment, as there are more constraints and fewer variables. They help bridge the gap between the abstraction of scientific theory and the complexity of real experiments, connecting observed phenomena with underlying causal processes (Feurzeig & Roberts, 1999, xv).

Simulations are safe. Learner mistakes are generally much less harmful and costly than in the real world (e.g. nuclear reactors or aircraft), and can often be undone completely. Learners have more freedom to view the consequences of any possible action. They are more likely to explore and learn if they are not afraid to take risks and try new and unusual things. 

Simulations can save time and money. They may take very little equipment, material, energy, space and time to set up, use and maintain compared to real-world lab equipment. They can be used to supplement or occasionally even replace real equipment; they can even be used to produce conditions impossible to produce in any real lab. Computer-based simulations can easily be copied. Web-based simulations can be made available to anyone in the world with a Web browser. A large variety of different computer-based instructional science simulations are readily available, either free on the Internet or commercially.

Simulations can bring real-world phenomena to a manageable scale (Khoo & Koh, 1998). They help reveal “hidden worlds” that are difficult to see (Towne, 1995, xxix) and can produce conditions that would be difficult or even impossible to create in the laboratory (Khoo & Koh, 1998). Space that is too small or large, and time and motion that is fast or slow to observe, can be expanded or compressed so that learners can see the phenomena on their computer screen and interact with them in “real time”. Simulated space, time and motion can be controlled or altered, e.g. play, stop, fast forward, replay, reverse or frame-by-frame controls in a video file viewer; viewpoint, view direction, zoom and rotation controls in 3D modeling software; or the ability to “teleport” to a different time and place in a virtual-reality simulation.

Simulations are often interactive. Learner activity and active participation (“learning by doing”) increases attention and helps assure that the learner is cognitively engaged. The interactive nature of simulations helps increase understanding of dynamic phenomena. Simulations often provide quick, immediate feedback. This immediacy increases learner motivation, confidence and retention. Simulations provide real-world, intrinsic feedback on learner actions rather than extrinsic rewards like grades or points: Learners make experimental changes and see the consequences on the system. Learners increase their ability to transfer their classroom learning by applying it to the context of a simulation, or applying learning from the simulation to a subsequent laboratory experiment.

Individual computer-based simulations can provide individualized instruction. Learners can explore the simulations at their own pace, and build confidence by practicing as often as needed until the learning objectives have been achieved and mastered, perhaps without requiring the presence of an instructor. Simulations can also be initially motivational because of their novelty. By increasing the variety of media, simulations support a larger diversity of learning styles and might be particularly effective for those learners who have not learned well through traditional methods. 

Simulations can promote higher-order thinking skills, such as critical thinking, planning, problem solving, troubleshooting, scientific inquiry, discovery learning, and evaluation. Their open-ended nature allows for exploration and experimentation. 

Weaknesses

Despite the usefulness of simulations, a number of physical, temporal, epistemological, pedagogical and logistical limitations should be considered.

Simulations are limited by the extent to which they can produce realism of representation. No model can perfectly represent all real-world aspects of a topic. “Educational science software is a poor surrogate for concrete experience”; e.g. a computer simulation of frog dissection is not exactly the same (and may not be as instructive or motivating) as dissecting a real frog (Schack, 2000, 3). Models are usually too predictable and do not capture the chaos (apparent randomness) and flakiness of the real world. Simulations often give learners an oversimplified, and thus incorrect, picture of the real world, and learners may miss the intended point. Even with an unlimited budget, simulations often cannot completely replace real-world equipment. Schack suggests that instructors use “more technology that connects students with reality rather than only simulating reality”, such as probes and sensors that collect data and store it electronically, or the GLOBE project (www.globe.gov) in which learners all over the world collect environmental data that is visualized using tools on the Internet created by scientists. As children, great scientists learned much through contact with objects in the physical world, and there is a danger that students will lose touch with basic physical objects (Feurzeig & Roberts, 1999, 260).

Computer-based simulations are limited by computer input/output devices and processing power. Most computer displays are two-dimensional, though a few virtual-reality three-dimensional displays exist (e.g. the CAVE system at Indiana University). Most computer-based simulations are text-based or have only two-dimensional graphics. Most desktop computers do not yet have enough processing power for highly realistic three-dimensional graphics or other highly mathematics-intensive simulations. Input is very limited by a keyboard and mouse, though a trackball or joystick might be used. Also, artifacts of the simulation or interface may mislead learners. For example, web-based controls may be limited by HTML to rectangular or radio buttons, text boxes and menus, and real controls like the knobs on a radio or oscilloscope cannot be represented accurately. Only a very small percent of simulations make use of sound, and few devices are available to simulate the senses of touch, smell or taste.

On the other hand, use of highly realistic simulations can be overly complex. It may take several hours to play a simulation game, with much of the time spent on learning how to use the software or game tasks that have nothing to do with science concepts, whereas a straightforward lecture may enable a learner to learn a concept in a much shorter amount of time. “Exploration without guidance is often insufficient for adequate learning” (Merrill, 1999, 415) and the trial-and-error or discovery method of learning may be much more time-consuming and less efficient than a direct presentation. In addition, computer simulations can be used inappropriately. For example, instructors might be tempted to think that computer simulations can replace instruction and that assigning learners to use the simulations on their own is enough. 

Creation of simulations from scratch is relatively difficult and time-consuming using existing programming languages and multimedia tools such as Java and Director. General-purpose simulation development software and simulation authoring tools such as those proposed by Merrill (1999) or Towne (1995) are not yet easy to use, inexpensive or widely available for affordable hardware/software platforms like PCs running Windows. 

Finally, a number of logistical factors may prevent the use of simulations. Location, evaluation, installation and maintenance of the simulation software may be difficult and time-consuming. Many existing computer simulations are poorly designed. They are difficult to use, have unclear or trivial learning goals, and come with no explanations. The cost of computers, an Internet connection and commercial simulation software may not be justified, especially if the school already has other equipment to teach the topics.

Designing Simulations

Designers of instructional simulations can use the following process guidelines to help assure a quality product. They can also use the product guidelines in the section on Evaluating Simulations that follows. Also see Towne (1995) for a complete simulation development model (pp. 292-295) and a checklist for evaluating simulation development systems (pp. 303-306).

Instructional software

· The project should be the result of collaboration among a diverse group of skilled professionals such as educators, designers, writers and subject-matter experts (scientists).

· Produce an analysis of the capabilities (knowledge and skills) and learning needs of the target learners.

· Produce a clearly stated list of learning objectives. 

· Select and structure content and tasks according to the learning objectives.

· Create the simulation by following principles of user-centered design, including rapid prototyping, usability/field testing and analysis of results.

· Use databases to organize large amounts of content, save user state information, and adapt to learner behaviors.

Instructional simulations

· The capabilities of the simulation should be appropriate to the learning objectives. (See the above section on types and capabilities of simulations.)

· Focus on modeling the most salient and relevant aspects of the real world. (The selection of which aspects to model depends on the learning objectives and learner level.)

· Make simplifying assumptions explicit to the learners so that unrealistic aspects of the simulations are evident (Heinich et al., 1999, 320). 

· For complex simulations, provide varying (gradually increasing) amounts or levels of complexity and detail (Towne, 1995, xxix). Beginners should be exposed to a relatively simplistic simulation; advanced learners should be given a more realistic simulation.

· Quantitative modeling and the use of positive or negative feedback loops and random number generation should be based on mathematical or scientific equations and produce realistic behavior.

· Use object-oriented programming to create objects with properties (variables and values) and behaviors (methods or actions). Link them together to create a system of objects.

· Create controls for user input and indicators for representing output.

· Simulate processes, structures and algorithms of the system as well as inputs and outputs. Learners should visualize not only what happens but how and why (Feurzeig & Roberts, 1999, xvii).

Evaluating Simulations

Instructors can use this checklist of evaluation criteria (based on that in Heinich et al., 1999, 327) to determine whether an instructional simulation product has sufficient general value and is appropriate for use in a specific course. Some of the criteria hold generally for all instructional materials; others are specific to science, software or simulations. The intersection of these sets of criteria should define the ideal instructional science simulation software. 

Instructional materials

· Learning objectives are made explicit to learners and match the learning objectives of the course.

· Meets the individual needs, skills and interests of the diverse population of learners in the course.

· Meets the time constraints of the course or lesson.

· Quickly and easily accessible for learners.

· Uses multiple media appropriately and effectively.

· Content (introduction, background information, explanation) is accurate, clear, concise, and at the appropriate level of detail, difficulty and complexity.

· Time spent on learning tasks is high relative to time spent on non-learning tasks.

· Uses techniques to enhance memory (e.g. mnemonics, repetition, and reference to previous learning).

· Provides opportunities for practice of relevant skills at the learner’s own pace until mastery is achieved.

· Encourages creativity and diversity; does not “constrain students’ learning processes through prescribed learning” (Johnson & Clayson, 1998, 3).

· Encourages group interaction, discussion and collaboration.

· Encourages critical thinking and evaluation.

· Motivating, enjoyable and interesting for learners.

· Affordable and benefits are worth the cost.

Instructional science materials

· Encourages exploration and observation.

· Encourages prediction and explanation.

· Encourages the learner to perform scientific inquiry (pose questions, suggest hypotheses, design and perform experiments to test them, and produce conclusions).

· Encourages the learner to think and behave like a professional scientist in a real-world project.

Instructional software

· The interface is professionally designed and structured, simple, intuitive and easy to use and navigate, with standard navigational features such as menus, buttons and hypertext. 

· Sufficient supporting information and materials (instructions, tutorials and other documentation for learners, instructors and computer administrators) are available inside and outside the program, in electronic and paper formats.

· Just-in-time instruction, such as context-sensitive help, hints or coaching, is easily accessible when requested or needed.

· Interactive (learners must participate and play an active role).

· Responsive to learner input (rapid processing and output; no long delays).

· Provides immediate, realistic, intrinsic feedback that is helpful to the learner and customized to learner actions.

· Anticipates and gracefully handles all possible learner input, particularly boundary cases and learner errors, which are important opportunities for learning. Clearly and realistically indicates the cause, consequences, and seriousness of errors, and provides error recovery instructions and features such as undo.

· Adapts to what the learner has learned. Gradually removes scaffolding and increases difficulty and complexity.

· Provides methods to assess learner understanding (e.g. a quiz or a list of completed activities) and record measures (e.g. quiz scores) that an instructor can access later.

· Easily installable and maintainable for instructors.

Instructional simulations

· Realistic (looks, feels, and responds to learner actions like the real world).

· Provides multiple representations of phenomena (Towne, 1995).

· Dynamic (something changes).

· Encourages problem solving, diagnosis, or troubleshooting by providing a challenging goal (problem-based learning).

· Permits learners and instructors to design, build, explore, evaluate, refine and extend their own models and simulations as well as use those provided by the software or the instructor (Feurzeig & Roberts, 1999, x).

· Simulation games should not overemphasize individual competition; learners should compete against a standard such as personal past performance rather than other learners. Success should depend on skill, not chance (Heinich et al., 1999, 316-320).

Using Simulations for Learning

Simulations should be used like other classroom learning tools. Their use requires planning, preparation, instruction, supervision, facilitation and assessment. They do not replace the instructor, though they may change the instructor’s role. Determining how a simulation should be used in the context of a lesson is often as important and difficult as determining which simulation should be used when.

Planning and Preparation

Instructors should generally spend more time on finding, obtaining and evaluating existing simulations than on reinventing the wheel by creating their own simulations. To create instructionally innovative, technically advanced instructional simulations, educators should collaborate with more technically skilled scientists and designers.

Using the resources listed at the end of the document, the instructor should compile a list of simulations that closely match the demands of his or her curriculum and year plan so that they can be used when appropriate. A variety of different types of simulations should be used; the instructor should not rely too much on individual, abstract, simple, confined, Web-based simulations merely because so many of them are readily available.

Where possible, simulations should be used to supplement laboratory experiments and real equipment, not replace them. However, simulations may occasionally be an acceptable substitute for laboratory experiments when the equipment is unavailable (e.g. prohibitively expensive).

Instruction and Facilitation

Learners should be given specific written and/or oral instructions on how to use the simulation. If the simulation is complex, the instructor should give a demonstration of the simulation before learners use it. If the simulation is very difficult to use or learn and it requires extensive explanation, an instructor demonstration may be sufficient. Learners can gain a progressively deep understanding by first observing an expert’s model, then using the model, then modifying it, and finally creating their own models (Feurzeig & Roberts, 1998, 320). The goal is for learners to build a mental model that more accurately represents the real world, and simulation models are expert models used to help represent an accepted scientific model.

Learners should be given tasks and asked questions to prompt problem-solving and critical thinking. Before using the simulation, learners should be asked to hypothesize and predict. After using the simulation, learners should be asked to explain why something did or did not occur, explain the processes that occur in the simulation, and state the underlying principles of the simulation. Learners should compare and contrast the simulation with the real world, to explain the underlying theories and assumptions of the simulation, in what way the simulation is realistic and how it is a limited model of reality. Learners should also be encouraged to collaborate in creating and using models and to share their ideas in discussions with the rest of the class. Like real scientists, learners should work in a team with varying negotiated roles depending on their individual expertise in creating models, knowledge of the subject matter, and testing skills (Feurzeig & Roberts, 1998, 321).

Simulations should not be used alone; they should be integrated into a lesson or topic. The instructor should refer back to the simulations when the learning can be applied to a new situation. Learners should be given tasks that apply their learning to other situations so that learning can transfer. Learners should have some control over the class agenda and activities; for example, they should be given a chance to create and modify their own simulations, and use simulations and pursue simulation-based projects that match with their interests and learning styles. 

Assessment and Evaluation

Learners should be evaluated on their use of the simulation, and be provided with a rubric or other evaluation criteria in advance, so that they explore the simulation with a context and purpose rather than randomly. This will increase relevance and therefore attention and motivation.

Debriefing is an important way of making sure that learning is crystallized through metacognition. Learners should be required to discuss and reflect on what they learned from the simulation and how the simulation could be improved. The instructor should summarize important concepts that the learners learned. 

Concluding Remarks

Simulations can be effective tools for teaching and learning, particularly in scientific and technical courses, and they hold great promise for the future as computers become capable of producing more powerful, realistic and easy-to-use simulations. However, they can also easily be poorly designed, overused and misused, so instructors should be skeptical of hype and choose and use simulations with care. To be effective, simulations should be used as any other tool of learning and instruction and integrated into a solidly designed and implemented course. 
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Web Sites with On-Line Simulations

http://www.explorescience.com/ 
Explore Science
ExploreLearning.com
50 Shockwave science activities in 8 categories

http://www.exploremath.com/ 
Explore Math
ExploreLearning.com
37 Shockwave math activities in 12 categories
Most activities have lesson plans (available to members only)

http://www.simscience.org/ 
SimScience
”A web site devoted to areas of science where computer simulations are at the forefront of discovery.” Each simulation is introduced with screens of information and images. The learner has a choice of beginning, intermediate and advanced levels.
”SimScience is a product of the NSF project Integration of Information Age Networking and Parallel Supercomputer Simulations into University General Science and K-12 Curricula.”
Java and JavaScript are used.

http://www.colorado.edu/physics/2000/index.pl
Physics 2000
University of Colorado at Boulder
”Welcome to Physics 2000, an interactive journey through modern physics! Have fun learning visually and conceptually about 20th Century science and high-tech devices.”
14 lessons in 3 categories; animated gifs and Java applets

http://jersey.uoregon.edu/vlab/index.html
Physics Applets
David Caley, University of Oregon Department of Physics
Java applets for use in Physics, Astronomy and Environmental Science courses

http://www.physics.nwu.edu/ugrad/vpl/index.html 
The Virtual Physics Lab
Northwestern University
13 Java applets in 4 categories (atomic physics, mechanics, optics, waves)

http://www.msu.edu/user/brechtjo/physics/ 
Physics Applets
John Brecht, Michigan State University
18 Java applets, demonstrations of basic physics principles 

http://home.a-city.de/walter.fendt/phe/phe.htm
Java Applets on Physics
Walter Fendt, Germany
38 downloadable Java applets in 8 physics categories 

http://micro.magnet.fsu.edu/primer/lightandcolor/java.html 
Molecular Expressions Microscopy Primer: Light and Color
Michael W. Davidson, Mortimer Abramowitz, Olympus America Inc., and The Florida State University
”This site is designed as a convenient location for our visitors to view the various Java tutorials that we have constructed to aid in teaching concepts in light and color.”

http://www.chem.uci.edu/education/undergrad_pgm/applets/ 
Chemistry Educational Applets
University of California Irvine
6 Java applets

http://george.lbl.gov/vfrog/ 
Virtual Frog Dissection Kit
Lawrence Berkeley National Laboratory
Dissect, rotate, and display different parts of a frog

http://intersrv.com/~dcross/impact/impact.html 
Java Impact and Gravity Simulator, v 2.1
John Henckel, IBM
Simulation of orbits, bouncing, terminal velocity, Brownian motion and negative mass

Meta-Sites (Links to Other Sites with On-line Simulations)

http://www.ba.infn.it/www/didattica.html 
Online educational resources for Physics teachers
Maintained by Zito Giuseppe, Italy 
”Explore this extensive collection of Internet-based demonstrations of basic physical principals, grouped by type of phenomenon.” Links to hundreds of Java applets and other physics and math resources

http://serendip.brynmawr.edu/sci_edu/physites.html 
Interactive Physics
Serendip, Bryn Mawr College
Rates about 100 sites by level (high school, college or general), playfulness, interactivity and explanation

http://www.physicsweb.org/TIPTOP/VLAB/ 
The Virtual Laboratory
The Internet Pilot to Physics, Physics Web, IOP Publishing Ltd.
About 150 Internet links to physics-related Java, VRML and Shockwave simulations

http://www.jars.com/classes/jresout.cgi?category=Science+-+Physics&language=Java&rating=All 
JARS Automatic Resource Listing, Category: Science - Physics Language: Java
EarthWeb.com
Links and ratings of about 100 Java applets

Other Simulation Web Sites

http://www.indiana.edu/~w505d/ 
W505d: Teaching Problem Solving with Computer Simulations
Michael K. Thomas, Indiana University

http://www.indiana.edu/~games/ 
W401: Simulation and Gaming
Kurt Squire, Indiana University

http://www.graceland.edu/~jackg/sciart/simulation.html
Roles of Computer Simulation in Science Education
”visualization, manipulate the dangerous or expensive, manipulate variables, role playing, model building”

http://www.uh.edu/~ebering/1311/physmark.html
University of Houston Physics 1311 Web Based Physics Resources
Links to a number of physics sites including several simulation sites

http://www.globe.gov/ 
The Globe Program
Global Learning and Observations to Benefit the Environment

Stand-Alone Simulation Programs

http://maxwell.ucdavis.edu/~simphys/
SimPhysics
”A Java application that models static electric and gravitational fields created by point particles.”

http://www.riverdeep.net/html/simlibrary_page.html
SimLibrary
Simulations in biology, chemistry, math and physics; includes lesson plans and handouts
Requires downloading Logal Express

http://php.indiana.edu/~gvogl/basic/basic.htm 
QBasic Programs by Greg Vogl
My own simulations (fractals, graphing, oscilloscope, half life) 

The following are departmentally sponsored simulation tools in the Indiana University Student Technology Centers:

Interactive Physics 3.0
Simulation of basic mechanics and electrostatics

Interactive Math
Math simulation? (password-protected)

TheSky Student Edition
Astronomical simulation

CLEA Jupiter
Astronomical simulation

Multimedia CD-ROMs

http://www.indiana.edu/~libeduc/multi.html
CD-ROMs in the Indiana University Education library, including some simulations

Microsoft Encarta Encyclopedia
General-purpose encyclopedia, includes multimedia simulations of science principles

Redshift
Astronomical simulation

Widget Workshop
Simulation of mechanical and electrical parts

Where in the World is Carmen Sandiego?
Detective simulation game to teach geography and other facts

http://simcity.ea.com
SimCity
City management simulation game

http://www.maxis.com/games/simearth/
SimEarth
Ecological simulation game
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