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Abstract
The project explores the affects of usability and intuition of a particular control scheme in a video game simulation.  There are still problems concerning the usability and the simplicity of controlling a simulation within a virtual environment [1].  This paper addresses the issue by attempting to create a user interface that is intuitive and obvious to users without any prior knowledge of the controls or interface.  The research study simulates the boardwalk arcade classic Skeeball.  This game has need found to be popular, simple in nature, and lends itself nicely to study control and interface problems in a virtual environment.  A simple and effective control scheme was designed for the virtual skeeball game Banana Ball.  During testing of the game, participants were split into two categories: with instructions and without instructions on using the controller.  Each group was given questionnaires asking about the realism, ease of use, and enjoyment of their experience.  The analysis of the data reveals the intuitiveness and usability, and hence effectiveness, of the simulation.
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Introduction

Virtual reality application is unique with respect to interface and controls.  The specific implementation for interface and controls can vary widely from application to application.  The fundamental idea behind of any control scheme in an immersive environment is that the user should to focus on performing high level cognitive tasks rather than low level motor skills [1].  Research has shown that immersive technology does not necessarily show an increase in performance in a virtual environment [3].  The research study examined the usability of immersive technology in a virtual environment by examining methods for creating intuitive controls.

The skeeball game, Banana Ball, was designed as a greenfield project to help study intuitiveness in virtual reality.  This particular game was chosen to simulate for two major reasons.  First, skeeball requires simple motor skills which can be easily captured with a motion tracking wand in a virtual environment.  Second, skeeball is a classic game that has been around for almost 100 years and has a wide knowledge base [4].  The objective was to create a simulation of a game where the user would be familiar with the concepts of the game prior to learning our particular control scheme.  The paradigm we followed in designing our control scheme is that if the motor skills required for the simulated game are familiar then the controls for the virtual simulation should also be familiar.  The results from testing show that it is very possible to create controls and interfaces that are immediately understood without prior directions.
Previous Work

Human-Computer interface (HCI) research in virtual environments show that there are still significant issues in control and interface cannot be overlooked when designing virtual reality applications.  These fundamental issues need to be addressed in an application otherwise the technology will be wasted [2].  Poupyre et al [1] discuss various performance criteria for measuring effectiveness of control interfaces in a virtual environment.  Completion time, accuracy, and error rate are tracked in their application.  These criteria can be measured objectively and quantified for a given task.  Subjective criteria such ease of use, ease of learning, and sense of presence can be measured through questionnaires.  Similar criteria were used in testing the intuitiveness of our control scheme and interface.
Data gathered from user testing in a human-computer interface experiment is categorized as either subjective or objective responses.  Slater [5] suggests immersion measures the objective aspects of a virtual environment while presence is the subjective response of the user to the immersive technology.  An analogy between immersion and presence is made to color theory.  Red is a specific wavelength that can be quantitatively measured (immersion), but it is widely perceived as many different colors depending on circumstance and situation (presence).  This distinction is very clear and needs to be recognized in order to further understand usability of a virtual environment system.  In this manner, the gathered data on immersion though the use of objective in game metrics and gathered subjective data about a player’s presence though questionnaire surveys.
Karaseitanidis et al [6] documents various input devices and determines the usability of each in a virtual environment.  The end result is analyses of various requirements for effective immersive input devices include ease of use, hand position, posture, comfort, and initial intuitiveness. These are characteristics describing the use of any input device.  The most useful input methods would be effective and efficient in all of the mentioned categories.  The control and interface for Banana Ball does its best to exemplify these properties with the motion tracking wand.
A different approach to measuring immersion is taken by Cheng et al [7].  Instead of designing the perfect immersive virtual environment, an immersive virtual environment is setup for a user and the testers attempted to “break” the user’s immersion and presence.  Player’s responses are examined in a virtual environment, however the environment is constructed in such a way that is made deliberately made inconsistent with the expectations of the player.   It shows that the user fails to notice even large inconsistencies in the simulation between the “broken” version and the “correct” version.  This argues that enjoyment and presence are more important that the actual implementation and realism of a simulation.  The paper shows that smaller inconsistent details regarding the immersive simulation will be overlooked in favor of the overall experience.
When designing any game, Sweetser & Wyeth [8] suggests using their all encompassing rating system to evaluate the level of enjoyment through eight criteria.  The criteria are concentration, challenge, player skills, control, clear goals, feedback, immersion, and social interaction.  These fundamentals were all taken into account when designing the Banana Ball game.  Some of these criteria, namely challenge, player skill, and clear goals, are inherent in skeeball.  The other elements were carefully examined and deliberately implemented into our gameplay.
Implementation

For the purpose of the study, a virtual skeeball simulation called Banana Ball was designed.  The simulation is designed to run in a Cave like virtual environment and uses a motion tracking wand for an input device.  The simulation also uses a head tracker and stereo glasses to provide the user with a visually immersive experience.  A significant amount of time was invested in designing the simulation from both a programming standpoint and from an artistic point of view.
The physics engine and gameplay logic driving the simulation was written entirely from scratch.  The stereo graphics and multi-wall display was implemented using an existing library called VR Juggler.  This library provided a very slim foundation below the application.  The application setup the art and arranged the scene for VR Juggler to draw in stereo on the multi-wall display.  Also, the application was designed to manage the large amount of information VR Juggler constantly provides regarding the motion-tracking wand and head-tracker.
A simple but efficient physics system was designed from scratch and implemented for the simulation.  The engine is designed so that an artist can export a model from a 3d software package, Maya in our case, and have it ready to be use immediately for collision detection.  The physics engine is called “point based physics” because it works by using the vertices of a model as potential points for collisions.  When the simulation is running, the moving skeeball checks its position relative to all of the vertices in the model.  If the skeeball is touching a vertex of the model, the ball is reflected off the normal of the vertex.  This provides results that are visually acceptable.  Similar to Cheng et al [7], our study shows that the subtle inaccuracies in the physics model were negligible and did not impact the results of the study.  All virtual models were made to-scale and from accurate measurements of real skeeball alleys to ensure that the physics models we used gave believable and expected results for the user.  

Designing the art for the simulation was inspired by visits to Chuck E. Cheese’s in Lafayette, Indiana.  This provided several of the measurements for the skeeball machine as well as good reference photos for the look and feel of an arcade.  In addition, patent information and do-it-yourself guides were used to find various measurements and proportions for the virtual models.  This aided in the physics simulation.  As in real arcades, everything in the simulation was given bright or vibrant colors.  Logos, textures, and all art assets underwent strict review before making it into the final game to ensure that there was a common look and feel.  All of the models were created to-scale in Maya and textured with Photoshop.  Original music was also created and added to the game to enhance the overall experience.  Once all the art and music was put into the project, the application started to look less like a simple skeeball simulation and more like a commercial quality game.  This was affirmed through many complements received in the participant feedback section of our survey such as “this is better than playing [Nintendo] Wii.”
Controls and Interface

The gameplay and controls were designed to be simple and intuitive.  The player stands in the virtual environment about 4 feet away from the center screen with the motion-tracking wand in their hand and a head-tracker/stereoscopic glasses on their head.  To aim the ball, the player moves the wand left and right for position and rotates the wand left and right for rotation.  The only button used in the game is the trigger button on the bottom of the wand.  

[image: image1.emf]
Motion-tracking wand used in Banana Ball

First, the player is shown a welcome screen.  After the player presses the trigger button the player moves into actual gameplay.  The gameplay progression is as follows: aim, power, simulate, score.  While aiming, small hand above the ball points where the user is currently aiming.  When the trigger is held after aiming, the hand that was pointing becomes a hand that grips the ball and the player is now adjusting the power of the throw.  As the player moves the wand back and forth, the ball moves back and forth along the line where the ball was aimed.  It is at this point that the player must make a swinging motion (similar to rolling a bowling ball) with the wand.  The trigger is meant to be released at the end of the swing same time that one would naturally let go of the ball.  Speed of the swing while the trigger is pressed determines the power for the throw.
Once the ball is released, the simulation takes over and the physics engine handles the motion of the ball.  Once the ball settles into a scoring hole, the score is shown as a popup on screen and the points are added to the current total score.  The possible points for one ball are 0, 100, 200, 300, 400, 500, or 1000.  After the score is shown, the player then returns back to aiming mode to throw the remaining balls.  The game lasts for eight balls and after the last ball an ending screen shows the final score. 
Methodology

We focus on two aspects of the game in our study, the intuitive nature of the interface and the overall usability of the simulation.  The in testing process we administered surveys and recorded the score of each player over 3 rounds of 8 balls each.  Testers were divided into one group receiving instructions and the other not receiving instructions.  The data we received help to demonstrate how the entire simulation provides an environment of realistic interaction and intuitive controls.  

Testers were given an entrance survey before they were allowed to see the game.  On the introductory survey, we ask questions that cover a subject’s age and gender, their familiarity with video games in general, and other questions that help to identify whether or not the person has any experience with virtual reality, or real life skeeball.  At this point, each tester was assigned a number.  If the number was odd, that means they were to be given instructions on the controls.  If the number was even, the tester did not receive instructions.

Once the initial survey was completed, the tester was brought into the virtual environment.  Based off the number assigned to the tester in the initial survey, we either explained the controls or just let the player figure it out on their own.  If the player received instructions, they were told the controls for aiming and that the trigger button was used to hold and release the ball.  If the player did not receive instructions, they were left at the welcome screen to figure out the controls by themselves.

The control scheme and game was designed around giving the player enough visual clues that he or she would be able to figure out how to play on their own without instruction.  The first visual cue was on the welcome screen.  The only text on the welcome screen was “Welcome to Banana Ball” and “Press the trigger button to play!”  This screen provided a clue that the button need to play the game is the trigger button on the wand.  The clue was designed so that after the welcome screen, the player is immediately aware that the trigger button will be used in the game.
After the welcome screen, the game is in aiming mode.  A hand pointing in the current wand location and position is displayed as a visual cue for the player to indicate the direction the ball will be thrown.  As the player moves and rotates the wand back and forth it becomes immediately apparent that the wand is now controlling the position and orientation of the ball.
As long as the trigger is held down, the user may adjust the power of the shot.  The fist visual cue is the hand changing from pointing to gripping the ball.  This indicates that the ball is now in the player’s hand.  As the player moves the wand back and forth, the hand holding the ball also moves back and forth.  The motion of the hand and ball at this point is locked onto the direction that was selected.  Since the hand moves back and forth on screen, it indicates that this is also the motion the player must make with the wand.  At this point, players must make the skeeball rolling motion and release the trigger at the end of the swing.  Only the front to back swinging motion is taken into account.  This allows the player to focus on a higher level cognitive task, determining the correct amount of power, without having to worry about the exact underlying motor skills.
The ball is the released, scored, and returns to aiming for the remaining balls.  After 8 balls the game ends.  The player was allowed to play 3 games and the final score was recorded for each game.  Using the concrete measure of the score achieved by each player over their time on the system allows us to have a quantifiable and easy to understand rubric for to compare all users.  This helped us to determine how comfortable a player became with the interface over time.

Testers were given a post-survey to help us determine how intuitive each tester felt the system was.  This survey was comprised of mostly subjective questions on the topic of how easy the tester felt the game was on first contact, as well as other open ended questions regarding realism, and enjoyment.

Results

Following the successful testing of our simulation, the collected data has held up our null hypothesis; that being given instructions make no noticeable impact on a player’s score after three full games.

All of the users who were tested showed improvement across the three games, with the average steadily rising in both those who were given instructions as well as those who were not.  Testers were given three games to play in order to discover if there was a difference between the two groups at the outset of an individual’s testing, and then again at the conclusion of one’s testing.  By using this method, we hoped to show that while instructions made playing easier at first, the simulation was intuitive enough that by the third attempt the two groups were performing at the same level.

The results from the study show that on the first game, the standard deviation was 509 points for those without instructions and 475 points for those with instructions.  Giving a difference of only 33 points from the two groups which shows how closely they were even at the beginning of testing.  With the same information at the end of testing, the standard deviation for those who were not instructed was 1285 points placed against 656 points from players who were instructed.  This larger range shows how players improved by the end of the testing session.  Part of the reason for the large gap between the two numbers is that there was a large outlier on the no instructions side, a player who received 5700 points his final attempt when the average was around 2000 points for the third game.

A double-tailed t-test shows that the Pearson Correlation coefficient is -0.092 which shows that while there is not much of a linear association between the scores, the confidence value of 148.4 shows there is a connection.

Overall, the collected data shows that our simulation was a success.  The data shows that those who were put into a situation where they did not know the controls only performed slightly less than those with knowledge of the controls.  By the end of the testing session, the final scores of the two groups showed comparable scores.

Conclusion
Creating a simulation that is intuitive in an unfamiliar environment, such as virtual reality, is a difficult but manageable task. It is found that there can be certain cues people can pick up on to perform a task that was not learned, but understood. In our studies the biggest factor was whether or not the participant had instructions on how to play the game or not. This proved to make a difference in the first few games but had no significant difference after the third game. With our good findings it is believed that we can extend our findings into designing intuitive interfaces for virtual environments with more complex motor skills.
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