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Games have long been recognized as a pedalogical tool; particularly in subjects where the student cannot directly (or clearly) experience the subject matter, such is the case in mathematics, history, and some sciences.  I can remember my own experience with Oregon Trail (an Oregon Trail pioneering simulation) on the Apple II when I was younger, and while I haven’t played the game in a number of years, the lessons I learned of pioneering dangers, as well as Oregon Trail geography, are still with me.  The most useful pedalogical game genre is clearly the simulation.  In a simulator, certain aspects of the real environment are simulated (or near-simulated) and the user is asked to manipulate the environment to achieve certain goals with certain resources being fixed or extremely limited.  In this environment, a student can experiment with different strategies to determine their effect on the achievement of goals as well as the relationship between success, resources, and environment.

Currently, simulator games hold approximately an 8-11% market share of total game sales.  While this is a healthy share for a genre such as simulators, games are becoming more expensive to produce, and game publishers are now only willing to invest in ‘guaranteed hits,’ which do not usually include educational simulators.  However, this was not always the case, the previous space shuttle simulator was released in 1991 by Virgin Interactive and enjoyed success in the marketplace; other shuttle simulators were released in 1983 by Activision and 1982 by Tom Mix Software.  However, there is currently no space simulator of any type on the market, let alone any focused on education.

Even if an education simulator were to be published, the success of the game, as well as any other game, rests partially on its interface.  It has become popular in the last few years to include additional tools in the game called ‘Map’ or ‘Level’ Editors.  These editors are designed for the game user (non-programmer) to develop new levels and missions to accomplish.  While not developed for interface changes, the inclusion of these tools suggest that users (and developers) are eager to possess new tools that can augment the game environment for a continuously changing gaming experience.  There is no reason why these new tools cannot be extended to interface augmentation.

Of course, since the primary users of these tools are non-programmers, a non-programming interface must be present for the tools to be effective.  The most promising of these interfaces for non-programmers is a graphical interface.  Graphical programming (known as Visual Programming Languages) has been a concept that has matured over the last two decades since its introduction in 1972 with the language SmallTalk (developed at Xerox PARC); and many lessons about what constitutes an effective visual programming interface have been documented for future interfaces.  Currently, there are many user interface development environments that are tied to certain language compilers (such as Microsoft’s Visual C++).  

In addition to simply an editor for the user interface of the game, an interface designer can also act as a virtual lab for testing new interfaces and interface concepts.  There are relatively few frameworks that a human-computer interaction (HCI) student can utilize which allows them the freedom to quickly develop and test an interface, or even to experiment with several well-known interface concepts.  What is needed is a tool that a non-programmer can use to design, implement, and test an interface to judge its effectiveness with users.  If a product can incorporate an interface designer/evaluation tool, level editor, and educational game in one package, then previous experience predicts that those components will make a successful product.

Shuttle Commander Description

It is our goal to produce a product that will incorporate important aspects previously discussed, a level editor, interface designer, and educational game – which we believe is the right combination for success given the current market trends.  However, the most important question still has yet to be answers: what is the game to be about?  The answer to that question must be something that users can relate too; it must also be something larger than the users themselves.  The answer lies in space exploration.  Recently, the United States, Russia, and China have been pushing the limits of space: in Russia, the final components of the first International Space Station are being completed, in the United States the X-Project (a reusable, land-based, civil, commercial space craft) is coming to nearer to completion with estimates that a winner will be found by the end of Fall 2004, also with the current success of the Spirit and Opportunity Mars probes interplanetary space travel is coming closer to reality, and in China they are planning a manned expedition to the Moon by 2006.

All of these events make space travel very immediate and relevant for younger audiences.  Therefore, a logical choice for a simulator is the space shuttle, or any vehicle, which can transport the game user into space to perform space tasks and experience the space environment.  The game therefore will be a space shuttle simulator, where the user can pilot the vehicle, perform space experiments, deploy and recover satellites, dock with the space station, and travel to other places.  The game will be targeted to the 9-14 year old age range, which is the age where science education games will be most useful in introducing new concepts and fostering a respect of science.

The product itself will be composed of three components, a game, an interface designer, and a mission (level) editor.  The game will be composed of missions, where certain tasks must be completed for the mission to be a success.  These tasks can include piloting, science experiments, and satellite deployment and recovery.  Each task will be rated a certain difficulty, which will determine the overall difficulty of the mission – so that mission difficulty can be easily pared with the correct age and experience of the game user.  In addition to the mission, the game will include a ‘Space Academy’ where students will have the opportunity to learn new science and space concepts (such as thrust, force, gravity, inertia, mass, etc.) before those concepts are employed in the task.  In this way the game will follow standard pedalogical theory of instruct and apply.  Also, points will be awarded based on the amount of Space Academy the user completes as an added incentive to learn concepts.

The second component of Shuttle Commander is the interface designer.  The interface designer is a graphical interface for designing new interfaces for the game component of Shuttle Commander.  It allows users to add new controls, and assign actions and properties to them.  What is important in the interface designer is that no programming knowledge is necessary to complete any task.  This is because programmers will not use the interface designer, but rather game users and human-computer interaction (HCI) students.  This component will be heavily discussed in the next section, which details its interface.

The last component is the mission editor; this interface will also be graphical in nature.  The mission editor will serve two purposes, the first is to define missions and tasks within the mission, and the second is to define which tasks will be evaluated for interface effectiveness.  The editor will allow users to define the constraints of the mission (fuel, payload capacity, etc), which tasks will be included in the mission, which are to be required and which to be optional, as well as whether the tasks are to be sequential or not.  The editor will also allow the user to define which tasks are to be timed, and which are to be recorded for errors.  This will allow an interface researcher to evaluate the interface’s effectiveness with regard to time taken to complete a task, and errors of the user while completing the task – two important components when evaluating an interface.

Shuttle Commander, and its three components are perfect for the market for many reasons.  The first is the utter lack of quality educational games in the simulation market, yet the huge demand for simulation games.  The second is the lack of any space simulators, which students can use to discover space-related concepts.  The third is the lack of proper frameworks for HCI students and researchers to easily develop and test new interfaces.  The fourth is that, since our group is planning to release the product as open source, and K-8 public schools have shown great interest in open source software as an inexpensive option for their software solutions, and K-8 public schools are our primary customers, then we believe K-8 schools will be interested in our product.  These are the reasons why Shuttle Commander, and its various components are destined to be a success.

Detailed Description

In this section, we will detail the interface for the Shuttle Commander interface designer.  The interface designer is probably the most difficult interface in the components of Shuttle Commander because the users are non-programmers, and all functionality available to programmers must be available.  To achieve a successful interface for the designer, there must be no programming (and no programming-like constructs), and it must use familiar interface concepts that a moderately experienced computer user would expect.  The most logical choice to achieve these requirements is a fully graphical user interface – which would require no programming and allow familiar interface concepts (since most user are familiar with the graphical interface and its metaphors).


The designer’s interface specification is divided into four sections, layout, manipulation, commands, and representations.  Each specification is designed to achieve the goal of a non-programming, familiar feeling interface, which is easy to learn and provides powerful functionality. The layout (as seen from the screen shot below) is composed of three sections, the Store (top left), the Composer (far right), and the Editor (bottom left).  The Store is an element of the interface that holds objects for the user to add to the scene.  The Composer is the WYSIWYG element, and shows the designer exactly how the interface will look to the game user during game play.  Notice that on the Composer there are currently three scenes, the Pilot’s Seat, the Cargo Bay, and the Science Bay – these are the primary ‘scenes’ in the game (although more may be developed later).  The Editor element allows the user to edit component, scene, and global preferences, which may not be immediately visible in the Composer.

The interface has been designed so that since the eye travels left to right over the screen, it is a subtle hint as to the actual manipulation of the interface (objects are moved from the Store to the Composer).  However, since the interface will contain many elements and hundreds of components, properties, and scenes will be available to the user, tabs and drop-down selection boxes were employed so that the user was not inundated with data and could focus only on the component, or scene they were designing.  Also, similar functions are grouped into similar regions; all editor functions are grouped into the Editor element, all scenes are in the Composer, and all stores are in the Store element.  In this way, the interface is clean, and easy to navigate without hiding so much that the user gets lost or cannot find something.
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Figure 1. Interface Designer Screen Shot


To manipulate the objects on the screen, we used a familiar graphical interface concept, drag-and-drop.  To create a scene, a user drags components onto the Composer, and the drags actions, commands, and properties onto the component to make it act as they wish.  Using this paradigm, most semi-experienced users will be able to create their intended scene easily with very little confusion or instruction.


The three commands of the interface are standard, save, undo, and quit.  However, unlike other interfaces, the Designer follows the ‘no save command’ philosophy.  This means that the user never has to explicitly save their work: a save command is executed on every change (and on exit).  Unlike save, the quit and undo functions are explicit for obvious reason, and they are available in the standard application menu.  The undo function allows a user to remove a set number of previous changes they have made so that it is easy for them to revert to a previous state.  Because of the limited set of commands, this provides an even easier interface for the user.


The fourth specification of the interface is the representation of components, commands, actions, and properties.  To keep our interface almost entirely graphical, we have opted to use icons to represent objects in the Store.  The problem with icons in any graphical setting is the potential for ambiguity rises.  To combat this problem, we will use text, as well as icons, so that ambiguity is reduced – especially for icons that look similar.  The icons for the actual scene components will just be smaller versions of the actual components, the icons for the actions, and properties will be mostly text, while the icons for the commands will be keyboard keys or a mouse to denote mouse click.  Using these specifications, the Interface Designer should achieve its goal of a graphical environment that utilizes familiar interface elements to create a powerful tool for non-programmers.

Conclusion

Simulators are both educational and popular forms of games.  Their usefulness as a pedalogical tool has been well recognized.  However, for any educational product to be successful, it needs to be inexpensive, and the interface needs to be well designed.  Our product, Shuttle Commander, will not only include a space simulation game and a (now standard) mission editor, but also an interface designer.  This will allow professionals to design new interfaces for our product to improve its effectiveness as game and an educational tool.  Additionally, the designer will allow HCI students and researchers develop and test new interfaces and interface concepts that would otherwise require a larger time investment; and with the mission editor, the interfaces can be evaluated using timing and error strategies.

The difficulties with the interface designer arise when we attempt to make a non-programmer, all graphical interface for the tool.  However, these difficulties are addressed by using familiar interface concepts such as icons, drag and drop manipulation, similar function/similar region, and tabs to make the interface much cleaner.  Overall, with the lack of educational simulators and HCI interface testing frameworks in the market, combined with inexpensive nature of open source and the inclusion of a new tool, we believe that our product has the ability to make an impact on educational simulators; and hopefully increase the awareness of space sciences in K-12.






