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Chapter One:  Opening Remarks
The pursuit of an online virtual university is probably as old as networking itself.  There have been various incarnations of virtual teaching over the years and a great many more simulations.  At the same time, online games have recently exploded onto the popular culture and will play a significant role in shaping the society to come.  Like a real university or a virtual game, an online learning environment should not be a static collection of simulations but rather an engaging and fun social experience.  This project represents my efforts at achieving this vision of a game-based virtual university.  This project is known as the Massively Multi-User Synchronous Collaborative Learning Environment, the MMUSCLE™ project.  Its first incarnation will teach Physics using a fantasy MMORPG model in a game currently known as Physics Adventures in Space and Time or PAST™.  This document will detail the educational portion of the game.  It will serve as a compliment to the Game Design Document which outlines the entertainment aspects of the game. 

Guiding Principles
Throughout my personal quest to create this world, these have been a few of my guiding principles:
1) MMOGs can be used to create engaging educational worlds
2) Socialization in and experimentability of the virtual world are keys to educational success.

3) Virtual Worlds allow for exploration and experimentation impossible in the Real World.

4) No "stealth learning"; we will try not to hide the education.

5) One-to-one correspondence between MMORPG and lab-based classroom elements.
6) Start with Physics, expand to other sciences, and then expand to other fields.

Physics Learning Objectives (What is our knowledge?)
These are the learning objectives to be covered by PAST:
1) Conceptual Newtonian Particle Physics

2) Math restricted to Vectors, Scalars, Algebra, and Trigonometry 

3) Näve vs. Real Physics

4) Kinematics &. Dynamics 
5) Time & Mass; Displacement, Velocity, and Acceleration; Force, Impulse, and Work.
Game Objectives (How will we transfer our knowledge)
We use the Physics Learning Objectives as a guide for our game design:
1) Enable and manipulate realistic Game Physics.

2) Create game divisions based on Physics taxonomy
3) Create static and dynamic objects based on Physics lab equipment
4) Create gameplay based on scientific procedures
5) Create Quests based on Traditional Physics homework, tests, and labs.
6) Non violent gameplay with "Combat" replaced with “Grief” and "Measure".
6.a) Fantasy story for in-world cohesion (magic as way of violating Physics)
Chapter Two:  Physics Review
Not all Physics are the same.  Depending on the system you are studying and under what conditions, a Physics model can range from the concrete to the abstract and what was valid in one domain is invalidated in the next.  Understanding what is valid a particular domain is critical knowledge and the best condensation of what we are trying to teach with PAST.  I will present the four Physics domains of interest: Real, Browser, Game, and PAST.  We will start with Real Physics as our mathematical understand of reality and then see how Browser Physics fails to capture what video games easily represent through their Game Physics.  We will then combine the last two to construct our fourth domain, PAST Physics.
Real Physics

First and foremost, what we wish to teach will be Physics, Classical Newtonian Algebra and Trigonometry Conceptual Physics.  In line with this Worldview, the Earth is the basis of all our observations.  Using a theater model, it sets the stage; it is the stage!  Newton's observations and conclusions were based on the works of such as Kepler and Galileo and were formalized in "The Principia".
On this stage we observe and understand the following two sets of actors...
Kinematics

Time (t), Acceleration (a), Velocity (v), Position (x)
Dynamics

Mass (m), Force (F), Momentum (P), Work (W)
...who then run thru these various scripts...

Kinematic

Change in (x) divided by change in (t) is velocity (v)

Change in (v) divided by change in (t) is acceleration (a)

Dynamics
A massive object will not have a change in velocity (v) unless acted upon by a net Force (F).

Every force (F1) has an opposite twin force (-F2).
Acceleration (a) is equal to net Force (F) divided by (m).
Velocity (v) is equal to net Momentum (P)) divided by (m)

Position (x) is equal to net Work (W) divided by Net Force (F)
Conservation Laws: Mass, Energy, Momentum
...and from all of this, the theater of life as Newton knew it is played out. 
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Browser Physics
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While you have wide choice in browsers like Explorer, Mosaic, Firefox, or your flavor of the year, your online Physics options are limited to 2D simulations with very little exploration into 3D.  VRML never took off as a 3D browser interface and thus virtually all of today's browser Physics applications could have been (or where!) done just as easily in the 80's or 90's.  These applications, known as applets or javlets, will generally run on any browser thus their wide dispersion and fame.  Their functionality is limited by their very low footprint on the computer of a user:  with cookies and thumbnails and even offline synch enabled, a single page or simulation will never use more than one megabytes of memory at any one time.   There are a wealth of simulations currently on the web and they form the basis of free exploration or directed class learning.  In fact, several online and offline courses use these applets in lieu of or to enhance their experimental component.  However, all these efforts come out to be little more than animated textbook illustrations.   The options are very often limited both in experimentation variables and result point of view. This gives all browser based Physics the feel of an "encyclopedic" learning format, like turning the pages of an animated book.  
Game Physics
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The limitation of Browsers is their low processing power and HD footprint.  In video games, the footprint is often 500MB or more and will use up the entire CPU.  More and more attention is being given to Physics simulations and their visual effect on video games.  In fact we already find two competing engines as of 2007: Ageia and Havok.  Much like the ATI-NVDIA video cards, we may be seeing the beginning of a similar rivalry for Physics cards.  In this domain we find very realistic and detailed Physics simulations for sports games, racing games, and just about every other game.  However, none of that creative power is directed towards education; it's all going towards entertainment and yet we still see clear evidence of education in games like Civilization or Battlefield 1942.  We are currently seeing Physics infiltrating the games industry more and more both from the gameplay and the programming side (Physics is a common course in game design schools and programs across the USA).  Unlike Browser Physics that has very low graphical and Physics resolution, Game Physics allows for an almost continuous space in which to work and play... almost.  No matter how powerful the software, we are still limited by the digital and quantized nature of game programming.  Therefore, there is a limit to the time-steps we can take as well as the number of interactions that our system/s can support.  It is very important to keep in mind that Game Physics mimics Real Physics quite well but still has its limits.  This is not actually a bad thing considering that Real Physics mimics Reality quite well but also still has its limits!
PAST Physics

We use the native 3D Game Studio Physics Engine which is itself based on the open source ODE Physics Engine.  It is robust with two integrators for small and large time-steps and a capacity for 100's of Physics object interacting at once.  It is directly responsible for providing us with accurate 3D Physics simulations and interactions such as collisions, gravity, friction, and more.
With the 3DGS PE, we can set the force per time-step (Impulse) on an entity directly and this will determine its change in velocity (acceleration).  If friction or drag are turned on, a percentage of your velocity is taken away each time-step, mimicking a force opposite your motion which would cause a deceleration over time.  The engine also includes a constraint function which allows us to model springs, wheels, and joints.  Should we need to, we can also set the velocity directly by disengaging the Physics Engine and letting the Game Engine directly move our entities.  There is therefore a great amount of flexibility in creating realistic simulations for our game.
Kinematically, PAST Physics and Real Physics map exactly into each other.  Starting with the concept of position and time, we build up a velocity and acceleration exactly as we would in the real world.  The ensuing Kinematic Equations are exactly the same as well.  However because of the client/server architecture we do in fact have several different times to consider, the most important of these being server time and client time.  A loss of synchronicity between these times is harmful to the client's experience and thus should be minimized with several techniques such as time-stamping and dead reckoning algorithms.  In all cases though it is the server time which the entire game ultimately references and thus this serves as a "universal" time. 
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Dynamically, the PAST to Real Physics map doesn't hold up as well so we have to do a bit of modeling.  Friction and Drag are not natively velocity dependent under the 3DGS implementation.  Collisions are done differently depending on hull size (rectangular or polygon).  The numbers of points, their interaction, and other factors have to be carefully balanced.  There are several PE tolerance levels that have to be adjusted to get the Physics right for your environment.  We will use Momentum and Energy conservation as a metric to help us match PAST Physics to Real Physics as closely as possible.  If these two quantities are conserved, then our PAST model approximates the Real World for our purposes.
Chapter Three:  Physics Pedagogy
Since our first game will be about Physics, it is important to talk about how Physics is taught in various contexts.  Note that I will be talking about the teaching of Physics and not actually teaching Physics so don't worry, this won't hurt... much.  I will start by examining how we teach Physics in both a Traditional university setting and a Browser based online setting.  Both settings are trying to teach the same content with different tools and have their respective strengths and weaknesses.  Understanding these two teaching environments is critical as our game will contain, for better and worse, elements from both.  We will see this correspondence more clearly in the next chapter when I present our PAST environment and how we plan to teach with it.  After these two curriculums, I will present the impact that Physics Education Research (PER) has had on Physics Curriculum as well different learning style taxonomy.   I will conclude by presenting the GA-K Score, a way to quantify the pedagogical content of a learning environment.
Traditional Physics Class
Depending on the setting and audience, a Physics class can be conceptual or calculus based.  It can cover everything from Newton to Einstein in one semester or focus purely on Mechanics for one year.  As our game is aimed at High School and Freshman University students, the scope of our material will be Conceptual Newtonian Mechanics.  This means we will cover Kinematics (position, velocity, etc) and Dynamics (force, momentum, etc) with only algebra and trigonometry.  
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A traditional conceptual Physics course is usually broken up into Classical and Modern Physics.  Classical encompasses Newtonian Mechanics, Thermodynamics, and Maxwellian Electricity and Magnetism; essentially Physics up until the 20th century.  Modern Physics starts with the beginning of the 20th century with Quantum Mechanics and Relativity and then moves on to particle Physics and solid state.  The purpose of a conceptual Physics class is therefore to give a wide and shallow presentation of Physics.  However it is also used to present a worldview based on the scientific method and Physics laws... an understanding that must be in place before a student tackles any other science or more advanced Physics.  To the right we can see a one semester Newtonian Physics syllabus which should give an idea of the flow of material that we should expect in a Traditional course.  
Physics is traditionally taught using the "teach and preach" method.  The professor will lecture for half an hour to an hour and then assign homework.  Sometimes as part of the class, sometimes as a different class, the students can also be expected to attend labs for the hands-on experience in exploring the concepts they learn in lecture and homework.  Tests and Finals range from multiple choice for conceptual classes to solving lengthy problems for calculus based classes. 
Browser Based Curriculum
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Currently, traditional online Physics courses are designed for general education majors or game design majors.  They are wildly popular today with every online and offline college offering some version of this under the moniker of "distance education".  It is not part of a larger science curriculum and is restricted to browser based technology.  All of them are taught using course management systems such as Blackboard, eCollege, Educator, or other custom platforms.  The core of these classes is always the Discussion Forums where public postings on science topics or questions is the main means of knowledge transfer.  The classes are generally very short, between 6 and 8 weeks and will cover all of conceptual Physics.  The student is expected to have about 10 hours of participation online every week leading to a total of no more than 80 hours of teaching contact time.   Built around these Threaded Discussions, the forums are often complimented with live chat and desktop sharing applications.  However, the content rarely goes beyond the encyclopedia model of web browsers.  Simulations are used in lieu of labs at the rate of one per week and are often coupled poorly with that week's content.  Their 2D design and implementation is the greatest barrier to education as they never allow 3D manipulation.  However, these simulations are a great 2D preview of what we can achieve in our world.  There are no pre/post test results known to the author that measure the teaching efficacy of this curriculum.  
Physics Education Research Based Curriculum
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In the past 20 years, many questions have been raised as to the decline of retention in science courses.  The churn rate in science courses is abnormally high which indicates not a failure of interest but a failure in our ability to focus on our students educational needs and teach effectively.  Physics Education Research (PER) has yielded many new and useful arguments on the subject over the last 15 years.  A centerpiece of this effort is the Force Concept Inventory (FCI) test which aims to test conceptual rather than math knowledge.  The FCI is a multiple choice test about Physics concepts such as inertia and vectors.  It is usually given the first and last days a student is in class and thus provides a pre/post measurement of the students gain in Physics knowledge, known as <g> in the literature.  The FCI showed that a student taking a Traditional class had an average 23% gain in Physics knowledge as a result of the class.  Interactive Engagement classes however showed double the gain and thus it was quickly shown that classes that emphasized lecture (Traditional) over lab (Interactive) were not adequately transferring knowledge to their students.   A few curriculums to emerge as a result of PER are McDermott et al 's "Physics by Inquiry", Mazur's "Peer Instruction", and Sokoloff's "Real-Time Physics".  Each of these curricula uses different interactions, from worksheets to computers, to help solidify the student's Physics concepts before they attempt any Physics problems.  These First Generation PER Curriculums demonstrate that there are better ways to teach Physics than the Traditional format 

Gardner and Anderson/Krathwohl
There have been many theories put forth in trying to understand how we learn.  The study of learning styles is the bread and butter of an Instructional Designer.  They have many tools ranging from psychology to statistics to help understand how and why we learn.  Two theories of note are Anderson and Krathwohl's modifications to the Bloom taxonomy and Gardner's Multiple Intelligences.  Bloom's is a simple 3 domain model often referred to as the "Think-Do-Feel" model.  Anderson and Krathwohl's modified this theory to include knowledge dimensions and a more functional semantic to the cognitive process taxonomy.  We will focus on his Knowledge Dimensions to quantify the type of knowledge transferred through the curriculum.  Gardner's "Multiple Intelligence" theory probes deeper into our intellect and how we learn than Blooms. Both models are extensively used in both traditional and non-traditional curricula to guide teachers in using as many learning channels as possible in their lectures and identifying specific learning strengths and weaknesses in students.
	Anderson and Krathwohl Knowledge Domains
	Gardner's Multiple Intelligences

	Factual, Conceptual, 

Procedural, Meta-Learning
	Bodily, Spatial, Musical, Interpersonal, Intrapersonal, Linguistic, Logical,


Therefore we have a four element knowledge dimension from Anderson/Krathwohl and a seven element learning style from Gardner.  These will help focus our game's pedagogy to provide maximal coverage of all dimensions and styles.  By trying to address each element within our educational content and game dynamics we can hope to provide as many avenues for education of the user as possible as well as provide a better conceptual framework for long term retention.  In order to help us quantify this belief, we have devised a simple one point system for each element in each taxonomy for a total of 11 points.  They are assigned by simply asking "Does this curriculum have this element present or not?"  Thus a teaching method that scores an 11 will have coverage in all areas while a low scoring one will be lacking some vector for education.   

	
	Gardner
	Anderson-Krathwohl
	GA-K Score

	Traditional/Interactive
	3/7
	3/4
	6/11

	Browser
	3/7
	1/4
	4/11


It's no surprise that the Browser shows up as overall least effective than the offsite Traditional courses.  This was to be expected.  What is surprising is how narrowly the Traditional course beat out the Browser course over all.  Another surprise is that while both score a 3 out of 7 Gardner elements, they are different areas:  for Traditional, it's in "Spatial, Bodily, and Logical" while for Browser it's "Interpersonal, Linguistic, and Logical"... same score but radically different delivery methods.  
It is our hypothesis that higher GA-K Scores represent more educational possibilities for the student and thus more knowledge transfer.
Chapter Four:  PAST Gaming
We hope to merge Traditional and Online Physics curricula and teach it through an online game-like 3D environment.  The educational content is built upon results from over 15 years of dedicated Physics Education Research (PER) as well as 30 years of virtual world history (give or take).  Both have shown the superiority of interactive, team based learning (or playing) in an experiential environment over the "teach and preach" approach of lecture/lab.  In the last 10 years, we have also seen a wealth of new MMOGs succeed and fail at stable world building and we can learn from them.  As we try to meld these two worlds, care must be taken in what elements to preserve from each. A more detailed guide to the pure gameplay elements of the game without pedagogical explanation is available in the Game Design Document.  We will begin by outlining Caillois' and Bartle's work on categorizing gameplay and virtual world players.  We will then talk about our game and which CB categories it does and does not have. 
Caillois and Bartle
It is hard to nail down what is fun and why people play some games and not others.  In the past century, a lot of attention has been given to this question.  The more popular offshoots from this effort have been using statistics and probability to come up with what is formally known as "Game Theory".  But it doesn't touch upon "fun" and thus the psychology of playing games has been poorly addressed.  We will use the best classification of play we have found, that belonging to Howard Caillois.  This will help us understand what types of play activities there are.  We can then analyze any environment and list which game elements are in it.  And when designing a game, we can also try an incorporate as many of these types of play elements into it thus maximizing its entertainment appeal.   

	
	Paida (freeform)
	Ludus (structured)

	Agon (competition)
	Brawling
	Judo

	Alea (chance)
	Eye-Spy
	Betting

	Mimicry (simulation)
	Masquerades
	Theater

	Ilinx (vertigo)
	Dancing
	Skiing


We will also use your player classification system as a template to make sure we are including as many sectors of player types in our virtual world as possible while recognizing the importance of the missing ones in our analysis.   For this analysis we will restrict ourselves to the original two axes and four types set below.  

	
	Players
	World

	Interact
	Socializers
	Explorers

	Act
	Killers
	Achievers


These are the two best classifications of "fun" and "play" to be found for games and virtual worlds in particular.  As before, we assign a simple 1 point number to each category and sum up how many categories each teaching style embraces.  We will also make the assumption that Bartle player types exist in a real classroom.  

	
	Caillois
	Bartle
	CB Score

	Traditional/Interactive
	3/8
	2/4
	5/12

	Browser
	1/8
	2/4
	3/12


We therefore believe that an online game that engages more of Bartle and Caillois' categories will be more fun than one that engages less.  Our hypothesis is that higher CB Scores lead to more entertainment possibilities for the student and thus more engagement in their environment..
PAST as a Game

The core idea behind using a game as an educational tool is as a means to maintain cohesion in the learning environment as well as to moderate the flow of learning content:  the game is a hook for the Student-Player to digest the educational content and to control the Student-Player's usage of this content so as to not overdose them with information nor present it at such a low rate so as to be ineffective at teaching.
The fundamental methodology is to use the 3D world as the natural coordinate system and then start doing measurements throughout the world, to use the Physics already in the world as a model and then create situations and interfaces for the Student-Player to work through.  By playing the game, Physics content is directly and indirectly doled out and a community environment is set up for the playing the game and learning Physics.  The Physics content not only aims to teach the basic concepts (such as by dropping balls on earth and then the moon) but also address misconceptions directly (such as negative acceleration and the more massive an object the faster it falls) with the gameplay addressing both the true concepts and the misconceptions.  The story is then set up to guide the Student-Player through the tutorial and then onto free-exploration of the world.  As the story progresses, the disruption that magic brings about to the Virtual World becomes a clear threat and your role in this adventure is set up.
As stated previously, we take our initial inspiration for game elements directly from Physics.  As such, we first turn to the Scientific Method.  From this we come up with our measure and answer system of combat (See GDD: Measure).  Immediately the student is asked to answer questions by going out and exploring and thus the Scientific Method is present throughout the game.  The second source of inspiration is Lab Equipment.  From Air Tracks and Force Tables to the ever-present and ever-fun Projectile Cannon, this equipment serve as the inspiration for several forms of environmental game play.  The Force Table for example is a model for a tug o' war game.  The Projectile Cannon is, well, a cannon and thus we can play many range/height games.  The third source of inspiration is Physics history.  Physics developed more or less chronologically, with the math and trigonometry in existence way before Kinematics was discovered and Dynamics soon thereafter.  This historical context gives us a rich backdrop should be wish to adopt it.  Our fourth inspiration is the Physics to MMOG mapping.  In Appendix C, we see how the Traditional classroom elements map neatly into corresponding MMOG elements.  We can take advantage of this mapping by taking the best that a classroom has to offer and package it into the best that a game has to offer.  
Analyzing PAST under the Caillois model, we immediately note the lack of competition and chance.  While there is some randomness introduced into our Combat/Measure system, chance is not a key component of the player's game experience.  Mimicry is present in both forms: as Ludus it can be seen in the Quest system while Paida can be seen through the role-playing the players engage in.  There is also Ilinx of both kinds: Paida in the unrehearsed, unrewarded free exploration of the world's Physics and Ludus in the specific application of Physics rules towards a goal or reward.  It is worth noting that the introduction of competition and player vs. player (PvP) combat would give us access to only missing Bartle character type (the Killer), as well as two more Caillois categories.  This makes competition a lucrative system to incorporate in future versions though their pedagogical impact must be sufficiently positive to make it worth adding to the game.
	
	Caillois
	Bartle
	CB Score

	PAST
	4/8
	3/4
	7/12


The game is still very much a work in progress.  As such, how the game develops will be detailed much more closely in the Game Design Document.  As that document is completed, this section will be revised to keep up with development.
Chapter Five:  PAST Teaching
It is in this role that PAST is most important, as a classroom and teaching aid.  While there are plenty of MMOGs that indirectly teach real world skills, we want to teach science skills directly and make that the main goal of our environment.  We hope the merging of Traditional and Online Physics curricula in an online game-like 3D environment will help students remain enthusiastic about science and math throughout their lives. It is important to remember that the PAST curriculum will only contain Newtonian Physics and thus any material not restricted to Newtonian Kinematics and Dynamics, such as Simple Harmonic Motion, Thermodynamics, or Electricity & Magnetism, falls outside our game's scope for now.  Before we go any further however, let's analyze the learning styles present in PAST.  Our game will use six Gardner learning styles and three Anderson/Krathwohl styles.  In Gardner's case, only bodily is missing due to the online and virtual nature of our environment.  All other learning categories are addresses within the MMOG context.  For example: Linguistic through chat, Spatial though environment navigation, Interpersonal through group Quests, etc.  We have not at this time done a targeted analysis of game elements (Quests, equipment, etc) to learning styles.  We will do this as the development of the game progresses and we will catalog what element best addresses which style here.
	
	Gardner
	Anderson-Krathwohl
	GA-K Score

	PAST
	6/7
	3/4
	9/11


We will now discuss our high-level strategies for teaching Physics and our low-level tactics for teaching Kinematics and Dynamics. 

PAST Teaching Strategies
Our overall teaching strategy is to use and/or modify elements of the MMORPG genre for educational purposes.  Key to implementing our strategy rests upon 2 game systems -- Quest and Measure (Combat) -- and 3 world interactions--- People, Mobiles, and Environment.  While this section gives a cursory overview of these game elements as they pertain to our pedagogy, a more detailed description of and how they look in-game can be found in the Game Design Document.
The first system relies on the Quest-to-Homework mapping that exists between our game and a traditional classroom.  The student player will be constantly going on Quests within the world to access new areas and obtain rich rewards upon success... but every Quest is itself a Physics Exploration.  It can be a simple yes or no question ("Is speed a vector?") or calculation ("How fast is an object moving that travels 10m in 5s?").  By asking these straightforward questions as part of the game, we constantly drill the student on some of the more rote understanding of Physics (Anderson/Krathwohl's "factual knowledge").  By providing the content in the form of a Quest, we allow the student to pace themselves and only attempt those Quests they feel like doing.  There is linearity to progressing though the game and thus eventually a player will have to do a minimum number of quests to proceed forward, a minimum that is set up by the pedagogical coverage we wish to have.  Hence in our game, the Quest selection will cover all of Newtonian Physics and thus to advance in the game, you must advance in the material.  These basic quests are modeled after a traditional fill-in-the-blanks or multiple choice type question (note that Multiple Choice involves both ABCD and yes/no type questions). 

Another unique aspect of the Quest system is the ability to perform the activity alone or in groups.  Certain activities can ONLY be performed by a group of people working collaboratively, thus emulating the PER findings that collaborative problem solving leads to a higher gain in Physics knowledge and retention.  Not only is the social element important (discussed below) but the psychological benefit of not working alone, of having a team to help you out, is a strong motivator and reinforcer of education.  In principle every Quest should have a reward.  The reward depends on the difficulty of the task attempted.  This difficulty is subjective but takes into account the number of answers needed, the type of answer needed, in cases of measurements how close the submitted value was to the actual value, and other such criteria.  However there are times when specific requirements where not met in performing a Quest.  In the case of timed Delivery or Retrievals Quest, the student gets little feedback aside from encouragement to possibly try again.  In the case of Multiple Choice Quest/ion, the student gets targeted feedback based on the incorrect response submitted.  Since the incorrect responses are created to amplify student misconceptions, the feedback specifically targets the misconception for the next time the student attempts the Quest/ion.  In the case of a Fill-in-the-Blank Quest/ion, feedback is based on how close the student was to the actual answer.  Every Fill-in-the-Blank Quest/ion thus has a tolerance for the allowable incorrectness of an answer.  This can be in the form of a numeric tolerance (+/- 10%) or a semantic one (N or kg m/s/s).  This ability to deliver targeted real-time feedback based on student performance is essential for our system and our students efficacy within the world.  

More advanced gameplay will involve doing Experiments and performing Measurements on objects and then drawing conclusions.  This is the Quest-to-Lab mapping.  It is derived from real world measurement techniques though not bound by them (for example, you can never measure Energy directly in the real world but you can in our virtual one).  The student can engage in free world exploration or they can take Quests as before where the data they obtain can be used to solve the Quest/ion at hand.  This gives a more realistic approximation of how real science is done.  The player is given differing amounts of initial information from which to complete the Quest (ie: solve the problem), with the hardest Quests letting the player decide for themselves (often through trial and error) what the best approach and measurement strategy is.  While the raw Quest system is very similar to traditional Physics problems, the Experimental system has no direct real world counterpart and thus the interested reader is referred to the Game Design Document for more information on how this works in the game.  For our purposes it is enough to recognize that our game will have a game-like interface to perform measurements and experiments in the virtual world.  

The interaction of Player with Environment (known as Player vs. Environment, or PvE) is a critical component to our strategy.  It is by the interaction of student with the Virtual World that the student can further their understanding of the Real World they live in.  Aided by the visual interface tools as well as our ability to modify critical world parameters, the environment will often be the strongest educator on how the Virtual World moves and by inference how the Real World moves.  Because all people already have a pre-created yet incorrect notion of how the world moves, a viewpoint known as Näve Physics, our Virtual World should mimic and to some extent, react according to players expectations.  However, through experimentation, the true fabric of motion is shown and the student's näve expectations are shattered to be replaced with the correct worldview.  This should be done smoothly so that over time, the Student-Player notices differences in the world which come not from a different simulation but rather from a different and more accurate understanding of motion.
Another interaction to consider is that of Player vs. Mobs or PvM.  Mobs, short for a "Mobile" entity, are the active elements in our world.  A Mob can be a rock you can throw, a ball you can kick, or a person you need to talk to.  As the name suggested, they will generally be mobile and able to move (physically or not) but sometimes (such as in the case of a merchant or Quest givers) the Mob will actually be immobile; we will thus call every non-player actor, regardless of actual movement, a Mob.  At the lowest levels, certain Mobs will be responsible for selling the player items, for giving out Quests, or providing an important item.  They provided critical game world support by acting as our stores and banks, our agents and customers.  At the next level, the player will be able to interact and modify the entity, such as in the case of a ball or thrown rock.  The role of the rocks and balls and such objects will be clear to anyone who has ever taken a lab based Physics course: these objects allow us to test different theories and different parameters such as mass, friction, drag, etc.  At the highest level, a Mob will have a strong proactive role in the game (all other Mobs are reactive to the players action) and actually instigate movement in game... our enemies and monsters are classic examples of this category.  These Mobs are usually the target for advanced measurement and experimentation.  In these Quests, the Mob doesn't just stand idly by while the player does whatever they want... it might preemptively run away or attack a player trying to take a measurement from it!
The final interaction is the most critical one.  It is the interaction between one player and another player and is known as PvP for Player vs. Player (note that this usually has combative contexts in modern MMOs but we use it merely to categorize social interactions in general, of which combat is but one).  It has long been known that the only way to truly solidify what we have learned is by trying to teach it.  In fact, it is this phenomenon that is partially responsible for the higher success of collaborative work in education: as the team asks questions, all students are given the chance to temporarily be the teacher (even if just for the group) and thus test and refine their own understanding of the subject.  We will use this concept of collaborative learning extensively in our project.  One example is within the Quest system when a certain Quest demands that a group of players work together towards a common Quest goal.  At its simplest, this will demand that each student to perform a different measurement within an experiment and then pool all the information they have gathered and collaboratively answer questions as a group.  However this strategy is not restricted to Questing.  Even if a player is doing nothing but standing around, they can always socially engage their peers.  I predict this type of interaction to be critical for the growth of the world, that we need expert student players in the world who can guide and help lower level players through the content.  It is this social component, seen through the games Quests as well as the player's social interactions, that will make the world feel "alive".

PAST Kinematic and Dynamic Tactics
The two major areas of study in Newtonian Mechanics are Kinematics and Dynamics.  Kinematics is the study of HOW things move and centers on Time's effect on motion while Dynamics is the study of WHY things move and centers on the effect that Mass has on motion.
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Our tactic for Kinematics will focus on providing the student with several visualization tools to help them create a proper vectorial worldview of motion.  One such tool will be a visual representation of a vector quantity in world, a 3D arrow if you will.  Since displacement, velocity, and acceleration are all vectors, these Visible Vectors™ will help the student understand and visualize the magnitude and directional components of a vector.  We also have visible motion diagrams where an object traces out their vector over time.  This can take the form of a simple Dot Trace™ that will trace the trajectory of an object to a more complex Vector Trace™ where instantaneous measurements of a vector quantity are explicitly visualized with a Visible Vector in each measurement spot.  The specific implementation of the Measurement System in Kinematics consists of the Drag and Drop Measurement™ interface.  By dragging a measurement icon onto an object, a readout of its particular value will appear on the student's screen.  This readout can be further recorded on the MultiMeter and it is this MultiMeter data that the student can use to answer Quest/ions by dragging that data directly onto an answer slot.
Our tactic for Dynamics will be to provide the Student-Player with several tools to physically interact with the world.  All through the Kinematic content, the player had been assigned reactive Quests, Quests that required measurement, thought, and experimentation but over which the player had no direct control.  In Dynamics, the player is explicitly able to control their environment.  This starts with the ability to set the mass of an object and proceeds to being able to directly set the Kinematic and Dynamic variables for several Quests.  This ability to directly set an objects physical properties opens up a whole world of exploration as students try and re-try Quests at different values for friction or energy or any other variable.  This ability can be used freely in designated "Sandboxes" or as the objective of a Quest.    Dynamics introduces conservation and equilibrium principles.  As these concepts are critical to fully understand Newtonian Physics, we introduce a unique UI, the Dynamic Balance™, which allows the student player to input any Kinematic or Dynamic quantity into a "before/positive" side and the "after/negative" side and see if they balance.  With this, we can study both Conservation (e.g.: momentum) and Equilibrium (e.g.: force) principles.  This comes in the Scalar (one balance) and Vector (three balances) versions.  If any scale is imbalanced, it means that equilibrium or conservation is broken in that direction.

Present in both Kinematics and Dynamics, there are several world objects that are virtualizations of actual lab equipment.  Projectile Cannons, Incline Planes, Air Tracks, and Force Tables are some of the lab equipment that will have virtual analogs.  While in the Kinematic world the game sets the equipment up for the player, in the Dynamical world the player has the option of free-play in the "sandboxes" as well as having to set values directly for an objects in order to perform the experiment.  The interaction of this equipment with world objectives and personal inventory forms the foundation of our world's gameplay.
A final tactic worth noting is how the FCI will be incorporated into our game.  Every player that enters the game will have to go through the tutorial.  Part of the tutorial is getting to know the game systems and interactions.  As this introduction progresses, the student will be asked one FCI question (or more) until the entire 22 question set has been completed.  At the end of the Dynamic content, the player is once again asked to take the test.  This will provide us with the necessary Pre and Post score so we can compare our curriculum and delivery method with other (such as Traditional and Interactive).  We may provide the student with direct feedback on their personal <g> value and may even go so far as to send paper diplomas with their <g> value as a personal reminder of their success in the game.  Because of the multiple choice nature of the FCI, taking the test online in this manner will be assumed to be the same as taking it in a classroom.  
The Education-Entertainment Score (EE Score)
In that this is a LDD, a document whose main focus is to quantify the educational content as best as possible, it would be nice to have a tidy measure, a single number perhaps, that would tell us how much educational and entertainment coverage our game has.  In this vein, we put forth the following construct:
We take Anderson-Krathwohl's and Gardner's Learning Taxonomies with its GA-K educational score and combine it with Bartle and Caillois Playing Classification and its CB entertainment score.    The basic assertion is that maximal coverage of Anderson-Krathwohl and Gardner will yield wider exposure to the different learning styles and thus hopefully maximize learning while maximal coverage of Bartle and Caillois will yield more play possibilities and thus hopefully maximize fun. Doing this we come up with a combined score which we believe addresses how well a game or environment will educate and entertain.  In both cases, a great deal of attention should be given to any area NOT covered by a curriculum in order to see if that area is relevant to the pedagogy or as a way to inspire greater success within the curriculum.
This combined score will be known as the EE Score and will serve as a measure of entertainment and education content for this and other project.  
	
	Caillois 
	Bartle 
	Gardner 
	Anderson-Krathwohl
	EE  Score

	Browser
	1/8
	2/4
	3/7
	1/4
	7/23

	Traditional/

Interactive
	3/8
	2/4
	3/7
	3/4
	11/23


	
	Caillois 
	Bartle 
	Gardner 
	Anderson-Krathwohl
	EE Score

	PAST
	3/8
	3/4
	6/7
	3/4 
	15/23


In line with our earlier hypothesis on the CB and GA-K Scores, we hypothesize that a higher EE Score reflects an environment that is both educational and entertaining while a low score will indicate a game that is neither entertaining nor educational.

Appendix A: PAST Terminology

Education: transfer of knowledge.  Classrooms, Reading and Moral Plays all accomplish this. 

(Mind)

Entertainment: transfer of emotion.  Tickling, Television, and Live Comedy all accomplish this. 

(Heart)

Enlightenment: transfer of spirit.  Meditation, Prayers, and Random Kindness all accomplish this. 

(Soul)

Classical: Includes the works of Newton, Maxwell, Joule and other pre-20th century natural philosophers.
Non-Classical: Includes the work of Einstein, Heisenberg, Higgs, and other 20th century physicists.
Contemporary: Includes the works of Greene, ???, ??? and other 21st century thinkers.

Aristotle/ian: pertaining to a system obeying Aristotle's theories of movement.  While very persuasive, these theories fail under several scientific experiments and are therefore considered incorrect.  It is very instructive to see the best of humankinds first attempt at organizing and explaining the universe rationally and logically.  His kinematics (earth, wind, air, and fire) categories are still very much part of popular culture even if his dynamics (the four causes) have fallen into relative obscurity. Started in 300 BC and lasted until 1700 AD. 
Galileo/ian:  pertaining to a system obeying Galileo Galilee's theories of movement.  While not a complete or exact theory, it is still the first theory based on experiments and mathematics.  A system is considered Galilean when acceleration and mass are not accounted for (or irrelevant).  Thus relative speed addition is considered a "Galilean transformation". 
Newton/ian: pertaining to system obeying Isaac Newton and his theories of motion.  In particular, it represents a pre-Einsteinian view that everything is reduced to an infinitesimal point and that if you know the initial state of a system, its future is deterministically predictable.  There are no limits to high velocity, time, or position can go.  All of Physics as we have today builds upon his ideas and thus he is the spokesperson for the Classical Age of Physics (roughly 18th, and 19th century)
Einstein/ian:  pertaining to a system obeying Albert Einstein and his theories of relativity.  Built upon Newtonian Physics, it sets an upper limit to information travel at the speed of light, proposed radical differences in space and time depending on speed and mass, and many other "weird" effects.  As Einstein was also an integral part of the development of Quantum Mechanics, another theories with "weird" effects like tunneling and wavefunction collapse, we can consider him to represent the Modern Age of Physics, the 20th century.
Time: a measure of how many vibrations a cesium isotope makes in one second.  Only valid between two events and only positive.

Displacement: a vector measurement of the physical separation between two objects in 3D.  Can be absolute in Newtonian and relative in Einsteinian Physics.

Distance: the scalar measurement of the Physics separation between two objects.  Can be considered a 1D measurement for all intensive purposes.  Can be absolute in Newtonian and relative in Einsteinian Physics.

Velocity: a vector measurement of the change in the physical separation between two objects in 3D.  Can be absolute in Newtonian and relative in Einsteinian Physics.

Speed: the scalar measurement of velocity.  
Acceleration: a change in velocity in the direction of velocity (velocity increasing)
Deceleration: a change in velocity opposite the direction of velocity (velocity decreasing)
Mass: a measure of the amount of resistance to change in motion or Inertia a body has.  Can be absolute in Newtonian and relative in Einsteinian Physics.
Force: a vector that when applied to an object will lead to an acceleration.  Refined in Newton's Three Laws.  Absolute in Newtonian and Einsteinian Physics.
Impulse: The amount of force applied over a period of time.  A large impulse will Absolute in Newtonian and Einsteinian Physics.(??)
Momentum: a measure of the inertia due to current movement.  An object at high momentum will be more difficult to change movement than one with a low momentum.  Absolute in Newtonian and Einsteinian Physics. (??)
Work: The transfer of energy from one place to another.  Formally calculated as Force times Displacement, it is a scalar that can be positive or negative.  Absolute in Newtonian and Einsteinian Physics.(??)
Energy: The intrinsic ability of an object to cause a change in motion.  The two broadest categories are Kinetic -- energy in motion -- and Potential -- energy at rest.   Absolute in Newtonian and Einsteinian Physics.(??)
Algebra:  The lowest level of popular math dealing with the different types of numbers and how they interact.  While we are used to one algebra with commutation (AB = BA) and association ( A(BC) = (AB)C ),  there are MANY other rules that can extend or supersede these rules leading to many different algebras.  

Trigonometry:  A type of Geometry, Trig deals with right triangles exclusively.  Trig leads to the famous sin, cos, and tan functions. 

Calculus:  A math system dealing exclusively in how things changes.  Its fundamental axiom is that every process be continuously reducible to infinity.  This reductionist theory forms an amazing structure that all practicing scientists use extensively.
Delta: another way of saying "change".  For example, "delta v" represents a change in velocity.  Mathematically, it would be the final value minus the initial value.

Conservation:  The idea that there is the amount before and incident as there is after.  Conservation principles help us understand why things move the way they do.  
GAME TERMINOLOGY NOT INCLUDED UNDER THE ASSUMPTION THAT YOU DON'T NEED IT
Appendix B: PAST Learning Objectives
	
	Student Learning Objectives

	
	

	
	

	Vectors and Math
	(omitted: graphs and calculus)

	Area: Greece
	

	
	

	
	

	1.a
	To understand the basic properties of vectors

	1.b
	To add and subtract vectors both graphically and using components

	1.c
	To decompose a vector into it's components and reassemble vector components into a magnitude and direction

	1.d
	To recognize and use basic unit vectors

	1.e
	To understand and use proper significant figures

	
	

	 
	 

	
	

	Kinematics
	(omitted: circular motion and calculus)

	Area: Italy
	

	
	

	2.a
	To differentiate between the concepts of position, velocity, and acceleration

	2.b
	To identify velocity and acceleration vectors (both direction and relative magnitude) at different points in an object's motion

	2.c
	To recognize the relationship between velocity and acceleration vectors when an object is  speeding up, slowing down, and at a turning point

	2.d
	To translate Kinematic information between verbal, pictorial, graphical, and algebraic  representations

	2.e
	To begin the development of a robust problem-solving strategy

	2.f
	To understand free-fall motion, both linear and in two dimensions

	2.g
	To solve quantitative kinematics problems and to interpret the results

	
	

	 
	 

	
	

	Dynamics 1: 
Force
	

	Area: England
	

	
	

	3.a
	To recognize what does and does not constitute a force

	3.b
	To identify the specific forces acting on a body

	3.c
	To draw and use accurate free-body diagrams

	3.d
	To understand the connection between force and motion

	3.e
	To learn a strategy for solving force and motion problems

	3.f
	To identify action/reaction pairs of forces

	3.g
	To understand and use Newton's 3rd law

	
	


	Dynamics 2: 
Momentum
	

	
	

	3.h
	To understand interactions from the new perspective of impulse and momentum

	3.i
	To learn what is meant by and isolated system

	3.j
	To apply conservation of momentum in simple situations

	3.k
	To understand the basic ideas of inelastic collisions, explosions, and recoil

	
	

	Dynamics 3: Energy
	(omitted: springs and restoring forces)

	
	

	3.l
	To begin developing a concept of energy -- what it is and how it is transformed and transferred

	3.m
	To learn about Work and Kinetic energy and their relationship through the Work-Energy Theorem

	3.n
	To learn and use the gravitational potential energy

	3.o
	To use and interpret Energy diagram

	3.p
	To understand the law of conservation of energy

	3.q
	To recognize the transformation between kinetic, potential, and thermal energy


Appendix C: PAST Mappings

PAST to MMORPG Mappings
Level   

(( 

 Level

Mobile Entities

((

 Mobs
Static Entities

((

 Objects

Group Quest  

((

 Group Quest

Solo Quest

((

 Solo Quest

Player Character 
(( 

 Player Character (PC)
Special Character  
(( 

 Player Character, Non-PC

Chat


(( 

 Chat

GUI


(( 

 GUI

PAST to Traditional Teaching Mapping
Level   

(( 

 Classroom

Mobile Entities

((

 Mobile Lab Equipment

Static Entities

((

 Static Lab Equipment
Group Quest  

((

 Lab

Solo Quest

((

 Homework

Player Character 
(( 

 Student

Special Character  
(( 

 Teacher, Other Students
Chat


(( 

 Moderated
GUI


(( 

 Paper and Whiteboard

PAST to Online Teaching Mapping

Level   

(( 

 Website

Mobile Entities

((

 Applet
Static Entities

((

 Lectures

Group Quest  
 
((

 Team Activity

Solo Quest

((

 Homework

Player Character 
(( 

 Student

Special Character  
(( 

 Teacher, Other Students 
Shout Chat 

(( 

 Discussion Forum

Tell Chat 

(( 

 Email

GUI


(( 

 Web Browser

PAST to REAL Physics MAPPING 

Quant (q)

((

Position (x)

Server Time (ts)
(( 

Time (s)

Client Time (tc)
(( 

Time (s)

Velocity
(q/t)
((

Velocity (m/s)



Acceleration (q/t/t)
(( 

Acceleration (m/s/s)
Mass (u)

((

Mass (kg)

Force (u*m/s/s)
(( 

Force (kg*m/s/s)

Momentum (u*m/s)
(( 

Momentum (kg*m/s)

Energy(u *m *m/s)
(( 

Energy (kg*m*m/s/s)
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