
Games in the Classroom at the
Rochester Institute of Technology:
A Case Study

We have worked together to create curric-

ula, microworld applications, and game

examples designed to motivate introductory

students in our formal game design and devel-

opment programs and in our traditional com-

puting programs, such as computer science

and information technology. This article exam-

ines three distinct approaches that we have in-

corporated in our coursework: an introductory

programming sequence based on game exam-

ples, the incorporation of game-based projects

into a required core course in media-centric

programming, and the creation of a micro-

world environment that mimics the look and

feel of online game environments.

First year: reality and programming
together

As educators, the first-year introductory pro-

gramming sequence provides our first opportu-

nity for introducing students to their chosen

computing discipline. The challenge of engag-

ing the introductory student is multifaceted:

at one level, students must learn the syntax of

programming; at another level, they must

learn to leverage the particular language para-

digm in which they are working. In addition,

issues of abstraction, algorithmic thinking, soft-

ware construction, and debugging strategies

dominate the introductory classroom. What

sometimes gets lost in the process is the link be-

tween the programming process and the useful-

ness of programming as an expressive tool for a

particular problem domain. To address this

problem, we have examined domain-centric

approaches to introductory programming, spe-

cifically for students wishing to study game de-

sign and development as a discipline.

As an alternative to a more traditional se-

quence in computer science, we offer the

Reality and Programming Together (RAPT) se-

quence of courses to first-year students in the

bachelors of science in game design and devel-

opment program1,2 at Rochester Institute of

Technology. RAPT presents students with the

same learning outcomes as the more traditional

first-year coursework, but within the context of

game design and development. From the first

day of the course and through the entire year,

students learn key introductory computing

concepts for game programming. The domain

of computer game design and development

not only links students to their chosen disci-

pline, but also demonstrates concepts in an

environment with which the students are inti-

mately familiar.

The first course is a 10-week experience in

which students learn fundamental skills, such

as programming language syntax; semantics;

object-oriented design and implementation;

software lifecycle; and control structures, such

as selection and loops. These topics are pre-

sented while the class endeavors to move

from critical consumers of games and entertain-

ment technologies to informed producers of

interactive, compelling experiences.

The first week of the course starts with an in-

troduction to problem solving as well as an in-

troduction to programming tools, including

integrated editing environments, interpreters,

and compilers. In the first assignment, we ask

students to compile an existing game program,

with emphasis on the use of the tools and on

the exploration of cause-and-effect relation-

ships when altering elements of a preexisting

game. As the course progresses, students learn

about key concepts, such as variable assign-

ment, data types, and expressions, while they

also learn about object-oriented structure and

design. Object-oriented structures include
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examination of critical concepts, such as differ-

entiation of classes and objects, methods, prop-

erties, and class relations. Also in the first week

of the course, students begin to learn concepts

such as object references, parameters, return

values, selection, logic operations, and much

more.

In the first few weeks of the course, students

create projects that require they not only un-

derstand APIs and game frameworks, but also

make creative decisions on their own that di-

rectly impact the experiences they are produc-

ing. During this period, students work with

games that are based on numerical manipula-

tion, decision making, and interaction. In the

middle of the course, students learn about iter-

ation, accessors, mutators, encapsulation, over-

loading, and scope. The course culminates with

an exploration of inheritance. After a mere 10

weeks, students have an appreciation of pro-

gramming and are able to build personally

meaningful applications that can be shown to

family and friends.

Along with exploring the fundamentals of

programming, the first RAPT course is designed

to address students’ interests in game develop-

ment as a profession. The course introduces stu-

dents to fundamental software engineering

techniques used in the game industry, includ-

ing standards of design, documentation, and

testing. The first RAPT course also provides stu-

dents with opportunities to critique games,

including commercial games as well as those

created by their classmates. Students make con-

nections between the two and draw analogies

between commercial techniques and their rela-

tionships to introductory tasks. Incorporation

of games into the course in this fashion also

provides opportunities to discuss optimization

and debugging strategies early in the educa-

tional process.

The second and third courses in the RAPT

sequence are designed to enhance student un-

derstanding through teaching more advanced

concepts. The second course starts with an ex-

amination of arrays versus collections, generics,

and file I/O. The course advances into simple

data structures, such as linked lists, stacks, and

queues. The second course addresses thread-

ing, event processing, and GUI programming.

Throughout the course, we take a just-in-time

approach to the introduction of design patterns

and architectures for game systems.

The third course, which is devoted mostly to

algorithms and data structures necessary for

game design and development, explores com-

plex systems and program efficiency. The

third course emphasizes teamwork as an impor-

tant part of the game-development process,

and culminates in a group programming expe-

rience in which students have well-defined

roles and responsibilities. Just as in the first

course, students heavily invest in their game

creations and often display their work to family

and friends. The team experience not only

helps students create appropriate connections

with peers, but also serves as positive reinforce-

ment as students motivate each other to extend

and expand their introductory work outside of

the classroom. One student team even sub-

mitted its game to the International Games Fes-

tival contest. Figure 1 shows sample games.

Interactive digital media
An example of the use of games after the in-

troductory sequence is a course titled Interac-

tive Digital Media. We designed the course to

teach students how to programmatically inter-

act with and control specific media types,

(a) (b)

Figure 1. (a) Sample

game from the third

RAPT course. (b) This

game, Red Ship Blue

Ship, was later

polished and submitted

to the Independent

Games Festival.
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including text, vector animations, compo-

nents, images, sounds, and video. One of the

major assignments in the course is the con-

struction of a classic 2D video game. The sec-

tion on games begins with a brief history of

classic games from the 1970s to the early

1990s. In the section, students are exposed to

games they might have only experienced

through pictures and Web sites. In addition,

students explore design considerations of clas-

sic games to motivate discussions about design

techniques and possible pitfalls in the students’

own implementations.

Following this introduction, students take

part in a decomposition exercise for a tradi-

tional 2D arcade game. In the past, we’ve

employed games such as carnival shooters and

the ever-classic Asteroids. Students learn to

identify key game functionality related to

graphical assets, such as the player’s representa-

tion in the game, the computer-controlled

items that act as the opponent, the user interfa-

ces, and the graphics related to game state. Stu-

dents also learn to addresses issues pertaining

to roles and responsibilities for nonvisible

items, such as content managers, control

logic, and preloaders.

Following this instruction, faculty members

then engage students in a guided exercise fo-

cused on the construction of a complete game

from scratch. The exploration of implementa-

tion issues starts with the development of

graphical assets and an exploration of their re-

lation to programmatic objects designed for

the game. The instructors then teach about

the role of external data, most commonly

implemented through an XML schema, to

tune the overall game experience without alter-

ing and recompiling the game.

Fundamental concepts, such as keyboard con-

trol classes, collision management, asset manage-

ment, time management, state maintenance,

and state transition, are taught through game

construction. Considerable discussion surrounds

the choices made for encapsulation, appropri-

ateness of class and object responsibility, dele-

gation of task from asset classes to managers,

and event management. Other topics of discus-

sion include optimizations for collision detec-

tion and overall game performance as well as

debugging strategies when errors occur. Finally,

the instruction includes discussion of sound-

tracks, sound effects, and video as part of a

game experience.

We designed the project to be open-ended.

Students are required to either propose their

own game or base the design on an arcade clas-

sic. Furthermore, students are required to iden-

tify potential problems in the design and

implementation of their game andmust discuss

viable options before proceeding to develop-

ment. The assignment structure strictly enfor-

ces several checkpoints at which students

must communicate with their instructor and

peers, gather feedback on both the technology

and game play of their project, and discuss their

decisions to either incorporate or dismiss sug-

gestions. The instructor encourages students

to discuss their problems and possible solutions

in and outside the classroom.

Students develop the game project in the

Adobe Flash environment and use the Action-

Script 3.0 programming language and Flash

Player classes for the implementation. Figure 2

shows samples of completed work.

Multi-User Programming Pedagogy
for Enhancing Traditional Study

We have examined the use of a microworld-

like environment for the exploration of intro-

ductory programming concepts. The Multi-User

Programming Pedagogy for Enhancing Tradi-

tional Study (M.u.p.p.e.t.s.) is a collaborative vir-

tual environment specifically designed to support

Figure 2. Sample games

created in a

downstream Flash-

based course entitled

Interactive Digital

Media.

IE
E
E
M
u
lt
iM

e
d
ia

84

Multimedia at Work



the needs of introductory programmers.3-10

Our goal with the M.u.p.p.e.t.s. system is to

augment traditional approaches in the class-

room while simultaneously providing students

and faculty with a motivating environment to

explore critical programming concepts.

At a technical level, M.u.p.p.e.t.s. provides

rich interactive graphics, integrated develop-

ment and debugging tools, and basic collabora-

tive mechanisms for sharing objects and code

among learners. M.u.p.p.e.t.s. allows students

to explore both objects-first and object-early

programming by allowing for early investiga-

tion of encapsulation, inheritance, and poly-

morphism. Through M.u.p.p.e.t.s., students

have the ability to construct classes and instan-

tiate objects within a private workspace. Here,

students can make appropriate adjustments,

refining the design and implementation of

their virtual assets.

When a student is satisfied with his or her

creation, the resulting materials can be intro-

duced to the public. Users of M.u.p.p.e.t.s. tech-

nology can interact with each other in the

public space within the virtual world, and can

share code and fully realized objects. From an

educator’s standpoint, the technologies afforded

by the M.u.p.p.e.t.s. system have the potential

of being mapped to constructivist and coopera-

tive learning opportunities in and outside the

traditional classroom.

The M.u.p.p.e.t.s. system is unique in that

it’s specifically designed to progress into down-

stream courses with the learner. TheM.u.p.p.e.t.s.

system supports Java and C# in their entire form,

without modification. By supporting languages

in their entirety, the student has access to all

constructs that he or she might encounter in

the programming world. As such, any program

written in Java or C# can be modified to exe-

cute in the M.u.p.p.e.t.s. environment (and

will in fact operate in unmodified fashion, but

will simply produce no graphical output within

the virtual environment beyond the console).

The M.u.p.p.e.t.s. system provides develop-

ment tools to the user from within the interac-

tive environment. As such, the user invokes the

integrated development environment (IDE)

while simultaneously interacting with the

world. The editor allows the student to define

new classes as well as issue interactive com-

mands to the world. The IDE offers the student

several features, such as color coding, code com-

pletion, and contextual help, that are normally

present only in high-quality commercial and

open source software. The M.u.p.p.e.t.s. system

also provides students with access to an inte-

grated debugger. Preliminary testing of the

system indicates that this dual-interaction be-

tween the IDE and the ever-present world is a

key attractor to student programmers: their per-

ception is that by not having to leave the envi-

ronment to recompile their creations, the

process is somehow more inclusive of their

designs. An example of the M.u.p.p.e.t.s. envi-

ronment is shown in Figure 3.

M.u.p.p.e.t.s. incorporates a 3D graphics

framework that is based upon practices and

techniques developed in the gaming industry.

The system provides support for such features

as modern shading languages, stencil and

depth shadows, and normal mapping. Students

can render their virtual world in OpenGL and

DirectX, and as a result can learn about differ-

ences in graphics systems. M.u.p.p.e.t.s. allows

imports from professional content-creation

tools, such as Autodesk’s Maya and 3D-Studio

Max, and allows students to experiment with

(a) (b)

Figure 3. (a) The Multi-

User Programming

Pedagogy for

Enhancing Traditional

Study integrated

development

environment, and

(b) an IDE with an

instantiated object.
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techniques such as terrain generation, particle

systems, lighting, advanced texturing, and

other current techniques.

In the M.u.p.p.e.t.s. system, the collaborative

features supported through a multiuser server

are modeled from current practices in massively

multiplayer environments. M.u.p.p.e.t.s. provides

different levels of granularity for access and con-

trol of the shared system, allowing for different

levels of synchronization between networked

objects and environments. M.u.p.p.e.t.s. also pro-

vides direct support for several critical tenets of

the objects-first approach. The system is highly

dependent on the concepts of encapsulation, in-

heritance, and polymorphism. For example,

when operating within the M.u.p.p.e.t.s. system,

students are immediately exposed to inheritance

by extending the generic MuppetsObject class.

The M.u.p.p.e.t.s. environment provides imme-

diate feedback for the exploration of class rela-

tionships, such as composition, association,

and dependency. In addition, the environment

can provide a testbed for exploring the use of de-

sign patterns in the construction of software.

M.u.p.p.e.t.s. also supports iterative refine-

ment in the development of classes. Students

can immediately introduce a new object into

the M.u.p.p.e.t.s. world for private testing once

the class has been built within the IDE. From

within the environment, the student instanti-

ates the object and is presented with immediate

feedback. If the construction of the object can-

not be accomplished, the system presents the

student with an error message in the 2D con-

sole and creates a 3D placeholder for the object

in the virtual world. The programmer can con-

tinue to interact with objects in-world as well as

from the IDE. If the student is unsatisfied with a

class for any reason, he or she can redefine the

object. Students can overwrite or publish user

objects created in this way at each stage of

refinement.

We have already explored using M.u.p.p.e.t.s.

to address key concepts in an objects-first curric-

ulum driven by constructivist learning models.

In addition, we’ve experimented with labora-

tory experiences that explore issues related to

composition and association. For example, stu-

dents learn to differentiate composition (com-

plex objects created via construction of simple

parts) and association (references to other

objects stored for later use during the construc-

tion of the initial object). Instructors have

students explore the concepts of composition

and association by asking them to select single

items from the real world and describe how

they can be created from fundamental parts.

The instructor can use the opportunity to rein-

force prior lessons in identifying properties

and methods for objects, and students can

then begin the construction of a well-under-

stood object, such as a simple 3D face, exploring

the notion that even simple items, such as eyes,

noses, andmouths, can be complex when deter-

mining what gets created first and how each

piece is related to the other.

M.u.p.p.e.t.s. can provide opportunities for

students to work in teams to create the funda-

mental parts for characters in an iterative de-

sign cycle in which students redesign ideas

and deliverables. The characters can then be

used in later exercises that explore common de-

sign patterns and in lessons about the mathe-

matics and believability of motion. At the end

of a relatively short period, a team of students

can produce a rich corpus of characters and

interactive virtual objects for later use, while

having a profound and educational experience

that underscores the basic tenets of association

and composition.

As another example of the use of games in

the classroom, students were provided with

code and several programming interfaces to

help implement the artificial-intelligence sys-

tem for a tank.4 Students had to design algo-

rithms to control features such as moving the

vehicle, turning the vehicle, and firing the

weapons system. Students had to consider var-

ious behaviors, such as collision detection and

avoidance, aggressive behaviors, and defensive

behaviors. The activity of designing and de-

veloping the tank artificial intelligence in

M.u.p.p.e.t.s. was both cooperative and com-

petitive: students had to work together in

teams to develop the system and competed

with each other to see whose design was the

most effective. Analysis of student experiences

showed that students felt they learned more

using the M.u.p.p.e.t.s. environment in this as-

signment than they did using other program-

ming interfaces in other similar assignments.4

Conclusion
Although we have employed games as a

motivational technique in several courses, the

assessment of games on self-efficacy, course

outcomes, concept transference, and programIE
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retention is still in the preliminary phases. For

two years, we collected and analyzed data

from the RAPT programming sequence.1 Dur-

ing RAPT’s deployment, we found that student

grade distributions were significantly different

from regular section grade distributions in com-

puter science 2 and 3 courses ( p < 0.005, chi-

squared, two tailed). Significance dropped a

bit between the groups when students exited

the RAPT sequence and took computer science

4 (p < 0.02, chi-squared, two tailed).

Fifty-eight percent of the RAPT students

received a grade of A from computer science 4

followed by 28 percent with Bs. For regular sec-

tions, 25 percent received As and 29 percent

received Bs. Thirty-six RAPT students and 51

regular students took computer science 4.

Retention in the computer science major

improved in RAPT with an average retention

rate of 93 percent (n ¼ 44) when compared to

the regular section rate of 57 percent (n ¼ 164).

Such preliminary reports are encouraging and

also demonstrate that we have a long way to

go in understanding the motivational potential

of games.

Since the establishment of the bachelors of

science in game design and development, the

Rochester Institute of Technology (RIT) has

seen unprecedented interest in the program,

which speaks directly to the overall interest in

computing, particularly when computing is

defined in less traditional terms. Despite a

great deal of self-education wherein prospective

students understand that they might not ulti-

mately wind up working in the professional

games industry, the interest exhibited in the

game design and development programs at

RIT is without bounds. Originally planned for

an entering freshmen class of 30 students per

year, the program now draws approximately

120 students per year out of an application

pool of nearly 1,000. The program has had to

wait-list applicants and has seen unprecedented

growth in early-decision applications as well as

applications from geographic areas that have

had less representation in more traditional

programs.

The interest in domain-centric computing

speaks directly to the faculty’s desire to match

relevant experiences to foundation material. It

also speaks to the faculty’s desire to create the

appropriate connections between traditional

computing foundations and what students

want to pursue in their academic careers. We

feel that being able to draw these connections

is appropriate for younger disciplines, such as

game design as development, because connect-

ing students to their field of study is important

for retention and student ability. During a pe-

riod where interest in traditional computing

programs is declining, the focus on new pro-

grams gives educators the chance to experi-

ment with new approaches that have the

ability to reach our students. MM
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