Computer Gaming to Enhance CS Curriculum
“Strengthening the CS Pipeline”

Background

In light of recent enrollment trends in undergraduate computer science (primarily in North America), Microsoft is interested in enhancing computer science curriculum, and correspondingly the student attraction, comprehension and retention rates, with innovative use of computer gaming concepts and assets. 
Academia has recently seen a decline in interest in CS especially among women and minorities. Simultaneously computer software is becoming larger in scope, team driven and requiring stricter coding practices to facilitate improvements in security, quality and maintainability. This is especially true in computer game development which pushes the technology envelope. 
Microsoft Research has been supporting a number of curriculum initiatives, all meant to provide assets to academia in our Curriculum Repository within the MSDN Academic Alliance Developer Center, (hereto referred to as the Curriculum Repository) in hopes of increasing interest in computer science careers. 
Introduction

This paper provides a summary of the problem, a proposed solution and an invitation for more research, and the assets Microsoft and its partners in academia and industry provide or plan to provide.  These assets range from computer science curriculum, related topic presentations, Microsoft game technologies, industrial and academic computer game engines and virtual environments all meant to support the computer science instructor in teaching using computer game concepts and technologies. 
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Problem Statement: Computer Science is facing a decline in interest among American youth; especially women and underrepresented minorities. 
Figure 1

This claim, as presented in the UCLA chart above and supporting CRA
 paper, was recently supported by another article in USA Today
. North American Computer Science departments don’t need a study to show their specific enrollment is declining but this appears to be a nationwide trend and whether the cause is the DOT COM bust, post 9/11 economics, Y2K backlash or the influence of computer science in other disciplines…the result is clear and resounding, fewer CS students! 
Interest in CS as a Major Drops among Incoming Freshmen

By Jay Vergo 

Survey results from the Higher Education Research Institute at the University of California at Los Angeles (HERI/UCLA) show that the popularity of computer science (CS) as a major among incoming freshmen has dropped significantly in the past four years. Alarmingly, the proportion of women who thought that they might major in CS has fallen to levels unseen since the early 1970s.

The percentage of incoming undergraduates indicating that they would major in CS declined by over 60 percent between the Fall of 2000 and 2004, and is now 70 percent lower than its peak in the early 1980s (See Figure 1). 

See also  
· CS Bachelor’s Degree Production Grows in 2004; Poised for Decline.

· Fewer students major in Computer (Science & Engineering – SIC)  (article is available in Appendix)

Both at http://www.cra.org/info/taulbee/bachelors  
Proposed Solution
In discussions with Academia and partners in industry, Microsoft has come to the conclusion that one way to improve student interest and participation in Computer Science is to enhance the curriculum with themes that resonate with today’s students.  In general, today’s incoming Freshman has spent more time playing computer games than watching TV or going to the movie cinema. They have grown up with consoles, are very sophisticated graphics consumers and are incredibly nimble with mobile devices. This includes women who make up about half the participants in the rapidly growing massively multiplayer gaming market. 

So, by enhancing CS curriculum with game-related sophisticated environments and more tangible results to coding problems, students are more engaged. 
Recently a paper submitted to the National Science Foundation (NSF) by Carnegie Mellon University demonstrated the power of using a computer gaming environment (Alice) to enhance computer science curriculum. They have documented performance improvements for Computer Science freshmen in CS1,  showing that when these students use Alice, they achieve B average grades compared with students in the control group (not using Alice), who achieve C average grades. When teaching CS1 with Alice, retention for CS students into CS2 also went up from 47% to 88% (see below).
What is available now? From Microsoft and our partners 

The Curriculum Repository within MSDN Academic Alliance Developer Center 
http://msdn.microsoft.com/academic/
From University of Michigan’s John Laird:

The DX-Mars Video Game Project

Summary:  Currently, the most popular course in the curriculum repository, DX-Mars is a video game-like programming framework with a simple, object-oriented design intended for early computer science students. It is a 2D isomorphic, tile-based environment based on NASA’s missions to Mars. A rover is moved around the surface of Mars to collect items and gather data.
Abstract:  In this course we will study the technology, science, and art involved in the creation of computer games. The course will emphasize hands-on development of games. We will study a variety of software technologies relevant to games including programming languages, scripting languages, operating systems, file systems, networks, simulation engines, and multi-media design systems. We will also study some of the underlying scientific concepts from computer science and related fields including: simulation and modeling, graphics, artificial intelligence, real-time processing, and game theory. Finally, we will study the art and design principles for developing useable and engaging games including: software engineering, human computer interaction, thematic structure, graphic design, choreography, music and sound effects, and game aesthetics.

URL:   http://www.eecs.umich.edu/~soar/Classes/494/
Machine Learning for Computer Games
This tutorial presents core machine learning techniques from the AI research community and shows how they apply to all phases of AI development in computer games. (May 2, Overview)
Artificial Intelligence for Computer Games 

From Univ of Brazil’s Flavio Soares Correa da Silva  
Artificial Intelligence for Computer

SUMMARY: Games Artificial Intelligence and Computer Games have strong connections. Artificial Intelligence opens for a myriad of possibilities to make Computer Games more realistic and more interesting, and Computer Games provide the field of AI with the best of scenarios to test and to apply AI techniques. In the present course we explore some of these connections. We focus on action games at the Games side and on knowledge based systems, multiagent systems, knowledge sharing and coordination mechanisms on the AI side.
Software Engineering for Computer Games 

SUMMARY: Computer games are highly sophisticated software products, that require the utmost software engineering techniques to be well built in due time consuming a reasonable budget. Software engineering is, therefore, a critical issue for the design and development of computer games. It is not surprising, therefore, that computer games - as well as software tools to build computer games - can be used as prototypical problems to teach software engineering concepts. 
The present course material contains an all purposes software engineering course, whose projects and assignments relate to the construction of a software tool to build computer games, together with a couple of games developed using that tool. 
It should be useful to teach software engineering in general, and appealing to those interested in software engineering for gaming.
From Digipen

· Video Game Development – Learn to write C# the fun way – a Web cast on using C# to write games.
 

· Ken Greenebaum’s Audio course – Ken teaches at Digipen and has published a series of audio focused books, Audio Anecdotes
 (currently working towards its 3rd volume). 
Industrial Partners assets  
· EA’s Renderware:  http://www.renderware.com/    
The RenderWare family of products includes components to provide game teams with 3D graphics, audio, AI and physics solutions.  Unlike competing middleware, RenderWare is not an "out of the box" game engine.  Rather, it provides components that can be combined together by programmers to build the game engine that the team requires.  This means that RenderWare ("RW") can be used in a wide variety of game genres.  Developers using RW have shipped approximately 500 games.  It is estimated that one quarter of all games in development use RenderWare products.  RenderWare is available on PC, Xbox, and all other current generation consoles.  
From an artists' perspective, RW provides tool to help their workflow.  Exporters are offered to allow artists to convert assets from a modeling package and into the RW format.  Because RW works on many consoles, the same exported file can be loaded by RW code into the game running on the console.  Additionally, RW offers artists a "what-you-see-is-what-you-get" tool that extends the view ports in MAX and MAYA onto the console.  This dramatically reduces the time it takes for an artist to get their artwork looking perfect in the game; reducing this time is a key benefit for using RW middleware.
Programmers can see RW as another 3D graphics API.  The RW software development kit includes the headers, libraries, documentation and examples that you would expect.  RW further abstracts the notion of 3D graphics away from vertices and indices, and provides a retained mode interface.  This allows a game team to ask RW to "render my car" rather than "dispatch this renderstate, and then submit these vertex buffers".  Further, RW introduces collision detection libraries, particle effects, and scene management routines.  All of these features can be used – or not used – according to the requirements of the team.  The intention is that the game team can quickly bring a game up on RW, and then concentrate on the look and feel of the game.
The educational version of RW Graphics 3.7 is intended to be incorporated into CS majors as well an Arts courses.  CS students could use RW as an introduction to 3D graphics, and learn the vector math using RW as the implementation language.  Creative students could use the artist-specific features of RenderWare, and get experience of the real-time rendering.  Alternatively, Masters Students might be taught how to use RW as part of a games-specific course, where the learning objective is how to create game levels using commercially available middleware.  Such a use requires a talented pool of programmers and artists, who will learn how to communicate and convert creative ideas into quality applications.  We might expect 50%:20%:30% CS:Art:Masters as a typical breakdown.”

Contact info: RenderWareDeployment@ea.com 
Visual Studio 2005 and Valve’s Half-Life (2) SDK: 

Visual Studio 2005 is a great tool for students, teachers and industry developers. The Visual Studio 2005 IDE (shipping November 7th this year) has all the advanced functionality and optimization for power users, including project management, 64bit targeting, and profile-guided optimization.  

The teachers and students will see be able to see a much different view.  They will see an IDE with syntax coloring, Intellisense, the industry's best debugger, DirectX SDK sample compatibility, support for managed DirectX, and a comprehensive help system.   

The latest addition to the Visual Studio family is the Visual C++ 2005 Express Edition and the Visual C# 2005 Express Edition.  These are low-cost editions of Visual C++ 2005 and Visual C# 2005 that are ideal for students who don't need the enterprise development environment, and want a scaled down IDE.  The idea here is to get students using an IDE that will grow with them as they become more advanced developers.

One of the most exciting things Visual Studio has done is to create a special "Half Life 2" plugin for Visual C++.  This makes the "Half Life 2" SDK and modding experience a first-class component of Visual C++.  This plugin gives the IDE a built-in "Half Life 2" project with options to create weapons, and integrated task lists, and many other features.  Modding for games has never been easier or more fun!
What’s in the pipeline from MSR Collaborations
DX-Framework refresh to the latest DirectX 
John Laird 
University of Michigan  
Update Graphical environment to DirectX 9.0C. (details below)
http://winter.eecs.umich.edu/dx-mars/index.htm
Architecture for Building 3D Virtual Environments 
Steve Feiner 

Columbia 
Goblin:  An architecture for building 3D augmented reality and virtual reality applications and games. Written in C#, using Managed DirectX it leverages .NET to support innovative application features, including Edit-and-Continue and Aspect-Oriented Programming from Columbia’s Steve Feiner and 
Marc Eaddy.
Virtual environment for programming - MUPPETS
Andrew Phelps 
Rochester Institute of Technology

 Through capitalizing on research in the areas of gaming and virtual community social psychology, RIT is engaged in a project to develop a Collaborative Virtual Environment (CVE) entitled “The Multi-User Programming Pedagogy for Enhancing Traditional Study” (MUPPETS). The MUPPETS system will be aimed specifically at engaging upper-division students in the education of lower-division students through their first-year programming core. The MUPPETS team is building upon existing research and technical developments in the field to design and construct a CVE and supporting infrastructure that allows students to write very simple Java® code similar to, and constructed around the same pedagogical issues as, code written in a more traditional course of first year study. RIT is currently redesigning the MUPPETS platform to support DirectX, .NET and C#. 
http://muppets.rit.edu/muppetsweb/about/index.php
RFPs

In early 2005, Microsoft Research announced the six recipients of the Computer Gaming Curriculum RFP awards, totaling $480,000 in funding. The objective of the Computer Gaming Curriculum RFP is to create a set of innovative and reusable game development curricula. The courses designed at the following universities will enhance computer science and game design curricula through the introduction of video gaming concepts, such as graphics, audio production, performance management, and classic computer science topics relevant to computer game development.

Assets will be made available to the public domain through the Curriculum Repository (http://www.msdnaa.net/curriculum/repository.aspx).
[image: image1]Reality and Programming Together (RAPT) 
Jessica Bayliss, PhD
Rochester Institute of Technology

Summary:  Develop and run pilot courses in game oriented CS2 and CS3 utilizing C#. There will be teamwork and projects to teach software engineering concepts coupled with audio and graphics introductory material. Course will allow students creative expression as well as bring the importance of human factors and game play into the classroom. We propose to utilize C#/DirectX coupled with real, multidisciplinary applications.

Abstract:  Introductory programming sequences teach the core concepts of the computer science discipline: object-oriented programming, software engineering, data structures, and algorithms. One of the most often heard complaints in such courses is that they are divorced from the reality of application. Unfortunately, it is difficult to find areas for application that all students have the background knowledge for and that are engaging and challenging. We believe one such area is computer games. Games may be entertaining like an arcade game or serious like a biological simulation. All students have at one point have played a game.

We propose to captivate students by using the diverse field of games as an application area in a CS1-3 introductory programming sequence using the hands-on studio course paradigm. This consists of more than using games as programming projects: games and how they are designed will be used to teach the core concepts of computer science. We will use C# and DirectX in the sequence in order to include topics from graphics, audio, and artificial intelligence as appropriate for introductory students. We believe this approach will improve interest from students, increase their satisfaction, and increase retention rates in the field. Such effects will be measured through online surveys as well as objective measures such as grades.
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Game Production and Development for Multiple Hardware Platforms
Bruce Gooch, PhD, Amy Gooch
Northwestern University
Summary:  Developing a five-quarter curriculum what will combine computer science with visual design, sound design, and narrative theory. The curriculum will form the backbone of a new, inter-school major, Animate Arts and Science to be offered in collaboration with four major Colleges at Northwestern. This curriculum will incorporate more that 4000 students.

Abstract:  As computer technology weaves itself into the fabric of our culture, it has combined with the arts in unexpected ways. Technology has allowed artists to develop new genres and media, but art has also acted reciprocally upon technology. In the 1950s, the idea of dedicating a computer to entertainment was unthinkable, yet revenues from the computer game industry now exceed Hollywood box office revenues. The computer’s role has expanded from the ENIAC as a calculating machine to the Pocket PC as a fashion accessory, the Smart Phone as a companion, and software like FrontPage as a medium for self-expression. However, the cultures of art and technology remain largely separate. While computer science has created useful artistic tools such as Photoshop and Flash, the design and implementation of those tools has been left largely to the programmers, not to the artists who would use them. Conversely, programmers are often frustrated when working with artists and designers who are uninformed about the practical realities of engineering. The differences in goals, vocabulary, and culture between the two groups bring progress on many multimedia projects to a standstill.

We believe the only solution is to train a new generation of artist-technologists who understand and respect the traditions of both disciplines. We believe it is both important and practical to create a new interdisciplinary undergraduate major that will train artist-technologists in the diverse disciplines required for work in emerging media. We are developing a new curriculum that will combine computer science with visual design, sound design, and narrative theory. In this proposal, we address the game programming portion of the curriculum. Computer gaming provides students with an opportunity to bring together the theory of algorithms and data structures taught in early classes in an engaging and meaningful application. A course on computer game authoring also fosters teamwork among students, while combining concepts from art and physics with programming to create a tangible product.

This course will cover 2D and 3D graphics (with respect to DirectX V9.0c), audio (DirectSound and DirectMusic), as well as topics such as performance sensitivity, reliability, and compelling game play. Course projects will involve developing, debugging, and optimizing games for multiple hardware platforms including cell phones, laptops, PDAs such as the Pocket PC, as well as desktop PCs. The class will be taught using modern languages (C++ and C#), operating systems (Windows), and development tools (Visual Studio). Students will review current trends in computer game programming and build their own 2D and 3D games on top of available game engines.
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Advanced Interdisciplinary Game Design and Architecture Courses
Ursula Wolz, Anita Allyn, Terry Byrne,
Jikai Li, Miroslav Martinovic, Robert McMahan, Kim Pearson, Phillip Sanders
The College of New Jersey
Summary:  A suite of advanced courses in the contributing disciplines of Communication Studies, Computer Science, Digital Art, Interactive Multimedia, Music and Professional Writing. We propose to create a learning environment in which cross-disciplinary students collaborate on developing a large artifact, namely a 3D, virtual reality, multi-player game.

Abstract:  A problem in teaching game design and architecture at the undergraduate level is that to do it well requires cross-discipline expertise on the part of both the instructor and the student. Gaming is a strong motivator for students in computer science as well as digital art, communications and media studies, music and writing. But at a stage of their education focused on breadth rather than depth, it is virtually impossible to provide students with an experience in a single course that does justice to the complexity of game development. Eight interdisciplinary faculty members propose to develop a suite of advanced courses in the contributing disciplines (Communication Studies, Computer Science, Digital Art, Interactive Multimedia, Music, and Professional Writing). From the computer science perspective, our students develop expertise in software engineering, artificial intelligence and networks and can produce games with sophisticated underlying architecture.

However, the visual and auditory components, not to mention the story line, are often severely lacking. Complementary frustrations can be heard from the faculty members collaborating on this proposal. Given the strong emphasis on broad liberal education at TCNJ, it is not realistic to expect students to develop advanced extra-disciplinary skills in all of the contributing disciplines.

We propose to create a learning environment in which cross-disciplinary students collaborate on developing a large artifact, namely a 3D, virtual reality, multi-player game. Through this process they learn to articulate the essential concepts outside their areas of expertise, developing an appreciation for the skill set required for those components of game development, while they themselves develop advanced skills within their own areas of expertise. Students will register for an advanced course in their areas of expertise, but will meet in course sections with students across disciplines. A common core of material on game design and architecture will form the basis of a yearlong experience in which all students will complete base-line game design and architecture coursework. Students will pursue additional work in their chosen areas under the auspices of the courses within the disciplines for which they are registered.
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Laboratory for Computer Games Technology
Dr. Flavio Soares Correa da Silva
University of Sao Paulo
Summary:  Organization of a specialized laboratory devoted to computer games. The initial goal of this laboratory is to prepare material for specialized courses on computer games, which emphasize the application of academic material taught in “traditional” disciplines such as data structures, computer graphics, and artificial intelligence. These specialized courses shall function as motivation for students to focus on their studies, as well as independent assessment of how well students are doing in their studies, and of how broad, modern, and accurate their “traditional” course is.

Abstract:  Computer games constitute a solid and substantial portion of the computer science industry. As instruments for teaching, they are exciting and attractive to the vast majority of CS students. They are also challenging, and game production can be a fine benchmark to evaluate not only students, but also academic programs proposed and developed by specific teaching institutions. Computer games provide highly effective means to apply the knowledge attained by different disciplines within a CS curriculum, as well as to integrate the specialized material of different disciplines in cross-disciplinary projects.

Their efforts can be found temporarily at http://www.ime.usp.br/~ltjc. Soon to be moved to http://www.ime.usp.br/~lidet
The proposed Laboratory for Computer Games Technology shall act as developer and promoter of the use of computer games technology for teaching computer science at the undergraduate level. More specifically, we have three concrete goals to achieve
· The organization of a specialized curriculum for computer games developers, aimed at undergraduate students in computer science. This course shall be viewed as a complement rather than an alternative to the traditional CS course.
  

· The permanent preparation of activities, projects, demonstrations, and lecture material for teachers of the various disciplines within the traditional CS curriculum, and proactive proposal of insertion of these items in different lectures and disciplines within this curriculum.
  

· The engagement of private teaching institutions in activities related to the Laboratory for Computer Games Technology, as well as the presentation of the prepared material to those institutions, and the promotion of workshops for students and for instructors in those institutions. We hope to be able to contribute to the effective leveraging of the quality of teaching in those institutions through the dissemination of the results of our work. 
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Alice and Panda3D:  Tools for Creating 3D Content
Randy Pausch, Jesse Schell
Carnegie Mellon University Entertainment Technology Center

Summary:  At Carnegie Mellon’s Entertainment Technology Center (etc.cmu.edu), we are creating two tools for broad distribution. Alice (www.alice.org) is intended for introductory computer programming courses, providing a revolutionary video-game authoring approach. Panda3D (www.panda3D.org) is a high-end, commercial-grade game engine originally developed by Walt Disney Imagineering and now under joint development with Carnegie Mellon. It is suitable for use in higher-level CS courses.
Abstract:  Alice provides a drag-and-drop editor that prevents creation of syntax errors. Students drag program constructs with the mouse, building Java/C++/C# level programs that control 3D onscreen objects in an onscreen virtual world. We have distributed over 100,000 copies of Alice and written a CS1 textbook based on Alice (Learning to Program with Alice) 
.  
Most importantly, in NSF-funded studies, we have documented performance improvement for “at-risk” Computer Science freshmen in CS1. For at-risk students, we have shown that when these students use Alice, they achieve B level grades as opposed to students in the control group (not using Alice), who receive C average grades. When teaching CS1 with Alice, retention for at-risk students into CS2 goes up from 47% to 88%.
  Alice is a tool nicely suited to a first-time exposure to computer programming.

For computer science majors, we are providing the Panda3D engine. Panda3D was originally developed by Walt Disney Imagineering’s Virtual Reality Studio (where Jesse Schell was Creative Director before coming to Carnegie Mellon) and is now jointly developed by Disney and Carnegie Mellon. Panda3D is a commercial game engine used to create such commercial games such as Toontown (www.toontown.com). Panda3D is highly flexible and allows authoring in both a high-level scripting language (Python) or directly in C++. Panda3D makes it possible to teach a junior- or senior-level undergraduate game development course, such as Randy Pausch’s Building Virtual Worlds course (www.etc.cmu.edu/curriculum/bvw.html).

Both Alice and Panda3D are open source and freely available, and they are provided by Carnegie Mellon’s Entertainment Technology Center, which is jointly co-directed by Randy Pausch, a Professor of Computer Science, and Don Marinelli, a Professor of Drama.
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Developing a Game Engine Using Incremental Development
Ian Parberry
University of North Texas

Summary:  Design and construction of an instructional 3D game engine intended as the core of a game programming curriculum for undergraduate computer science students. The game engine will be constructed in a sequence of incremental steps. Code will be written using Visual C++ using the latest version of DirectX. A set of integrated tutorials will be created as part of this project.

Abstract:  We propose the construction of an instructional 3D game engine intended as the core of a game programming curriculum for undergraduate computer science students. Written using Visual C++ using the latest version of DirectX, it will be constructed in such a way that the graphics layer can in principle be replaced by another technology such as OpenGL or a game console API. Online documentation of the code will be generated automatically using Doxygen. In addition, a set of integrated tutorials will be created as part of this project.

We will provide a sequence of ordered, incremental game demos instead of delivering a monolithic game engine hard for students to digest at one bite. Each game demo in the sequence will proceed logically from the previous one. Students will easily be able to see the changes from one demo to the next by running a file comparison program.

Appendix

Fewer students major in Computer
 
SAN FRANCISCO – The number of undergraduates signing up for computer degrees is falling fast, making IBM and other tech companies worry that there soon won't be enough skilled U.S. workers to meet demand.

New enrollment in North American computer science and engineering programs has dropped four years straight, falling 10% during the 2003-04 school year from the year before, says the Computing Research Association, a trade group for computer professors. 

That's because good tech jobs have been hard to find, professors say. "Students are responding to the alarming rate that the job market changed (during the dot-com bust)," says Ohio State University computer professor Stuart Zweben. "They're also concerned about off shoring of jobs."

Ironically, that could lead to more off shoring. Many low-level programming jobs have already been sent to such countries as India and China. But high-level jobs combining technical and business skills are still in the USA. That could change if there are not enough workers to fill them.

“If we don't do anything, there are hundreds of thousands – nay, millions – of Chinese, Indians, Slovaks, etc., that would love to have these jobs," says Massachusetts Institute of Technology computer professor Jack Rockart, who's also vice president of the tech trade group Society for Information Management. Some jobs will be filled abroad; others by workers moving to the U.S.A., he says.

Shortages haven't been a problem yet. Tens of thousands of tech workers were laid off during the dot-com bust of 2000, and the market is still tight. But the pool of trained tech workers could become problematic in about four years, if computer graduates decline while the U.S. tech industry grows. For now, numbers are still strong, with more than 20,000 computer bachelor's degrees awarded to North American students in the 2003-04 school year, the CRA says.

But the looming drop is easy to spot at the University of California Berkeley, says computer science major Karen Nguyen, a senior. When she took her first computer class, there were more than 350 students enrolled. Enrollment now is less than 200, she says.
IBM is trying to stop that. Today, it plans to announce its most widespread college-support program. IBM will give schools millions of dollars in software, and offer the expertise of more than 1,000 staffers

The computer giant also will announce a partnership with the University of Arkansas to create classes for students seeking tech jobs at Wal-Mart, a major state employer. The program will be part of the university's information-systems major, which is under the business school's jurisdiction. "You need a marriage of technical skills and business acumen," says Buell Duncan, the IBM executive in charge of the program.
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