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ABSTRACT

We describe an approach to projects used in gawelapement
courses that supports learning individual skills ilevhalso
developing team skills. Early assignments focusdeweloping
individual skills in coding and content creatiomdawhen those
skills are honed, students form teams to work targer and more
complex game. Classes that use a hybrid appro#et, is
individual projects that build toward a large graumject, allow
students to solidly learn game development skilquired of
gaming graduates and yet stimulate creativity ahdllenge
students to move beyond their comfort zone.

Categories and Subject Descriptors
K.3.2 [Computers and Information Science Education]: game
development, group projects.

1 INTRODUCTION

Group projects are ubiquitous in computer scierthecation and
with good reason. Students need to be preparedotk on a
team once they graduate, and educators have angbijhity to
ensure that students develop the necessary skillslot so.
Computer game development programs are no except@ame
development is nearly always a team effort, and igam
companies want to see evidence that students ane péayers,
can develop games of a reasonable size and coryplarid can
produce a game demo that showcases their skillsl{& difficult
for students to achieve these goals in coursesdihatot make
extensive use of group projects.

There are, however, a number of pitfalls inheranteichnically-
oriented team projects. Incompatible personalittes create
tensions that prevent students from working toge#iectively
[1]. Student teams often take an ad-hoc appraaehproject, and
the lack of structure can hinder progress [1],a@ltfh the use of a
team manager or leader has shown some promisésiarga [2].
Determining the ideal number of students in eaemtean also
prove challenging. Small groups allow better laga control
but larger groups create more possibilities forativity and
specialization [11]. Grading is another difficidgsue. Judging
how much each member of a team has contributedhadfimal
product is crucial to ensure that the project seased fairly, and
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there are a variety of sources of information tiaat be used when
making this judgment, from minutes of team meetibgeer
evaluations [10]. However, not all sources of infation are
equally valuable and finding a good balance isdaliff.

Students have more positive experiences with grprgects

when instructors provide them with information agdidance
about how to work together [3]. Instruction abterpersonal
skills, the encouragement of positive interdependenand
reflection on the group process are all importaliowever, the
conditions for group learning in higher educatiattisgs rarely
meet the high goals advocated by cooperative legracholars
[5]. This is particularly true in courses where thain goal is to
learn technically challenging material, as is tlesec for game
development courses. A great deal of time in tharse is spent
conveying technical information, and there may el time

available for other topics. This situation is pararly noticeable
at institutions using the quarter system.

Independent of group projects, creating effectivameg

development courses is a challenge. Creativitgriscial for

would-be game developers and yet they also neededm

structured programming processes that will alloentito develop
games under tight deadlines [6, 8]. Student maaatk creativity
depends on an investment in the games being decI@&), but

students often lack the experience to judge howhnefort is

required to implement their ideas. Ensuring thatlents have a
quality project to demonstrate their abilities irpasitive way is

important for their employment opportunities [8].

For all of these reasons, creating game developommnses that
use group projects is at best a balancing act. olaging
creativity, maintaining morale, improving team dymes and
project structure, enforcing deadlines, and judgimg quality of
the final result is a challenge for any instructdn. this paper we
describe an approach to team projects in game aawvent
courses that simplifies this process. Our apprdzalances the
need for structure and the development of individwaling and
other technical skills with the need to inspiredsts to be
creative and encourage enthusiasm. This hybridoagh has a
number of advantages and addresses some of tHenged seen
in game development courses and in managing grojeqps.

2. A HYBRID APPROACH

To successfully balance the many competing, anctiraés
contradictory, demands in a game development cahseuses
group projects, we have developed a hybrid appréagrojects
in our gaming courses. In this approach, individwajects are
used in the early part of the course. The main gbahese
projects is to ensure that all students have aiwgdknowledge of



the technical skills required for the platform usedhe course. A
secondary goal of the individual projects is to e the
instructor with knowledge of each student's strbegtand
weaknesses. The individual projects culminate in
comprehensive final group project.

Depending on the course, students are either etjuior
encouraged to form teams for the final project, althis an
expansion and extension of the final individualjpcd In one
course, the final projects are chosen from the dstthe
comprehensive individual projects, adding a contipeti
atmosphere to the course and providing more streidr team
roles during the final project. The teams idedljve members
with all the skills necessary to produce a strormjget, although
this is not the case in both of the courses waudsm this article.

This approach is used in several game developneemses taught
at our institution. The platform used in the ceyumshether teams
are required or simply encouraged, the size oft¢laens for the
final project, how teams are selected, and thesgofatach course
differ. In the remainder of the section we deseriur game
development program and provide details for eadrsep that
uses the hybrid project approach.

21  Computer Games Development
Program
DePaul  University's School of Computer Science,

Telecommunications, and Information Systems (DeFR&I) is

one of the largest and most innovative informattechnology
institutions in the country. Over 2,000 graduatedents and
nearly 1,000 undergraduates are enrolled in 14 &@achand 15
Masters degree programs, ranging from traditiomagmms like
Computer Science to degrees focused on the daitalsuch as
Digital Cinema and Animation. Such a broad ranfaegree
programs is highly unusual and has attracted langmbers of
students during a period of overall decline in tedbgy

education enrollments [9]. Benefiting most frone tmflux of

new students with an interest in the digital astthe Computer
Games Development program. DePaul was one ofrtdilberal

arts universities in the country to offer a foumyelegree in the
area. In only 4 years the gaming program has grmme the
second largest at DePaul CTI with 150 majors.

All of the courses that use the hybrid approach geme
development projects were created for the Comp@ames
Development program. GAM 244: Game Developmens ki
freshman-level course in game design and developthahuses
Game Maker. It is designed to ensure that first-gtudents have
experience with game development before encouigtéhiair first
C++ course, providing them with motivation to learn
programming [4]. GAM 374: Action Games Programmiisg
predominantly a programming class where the stwdkyarn to
make 3D action games in C/C++ and OpenGL. Theeptésite
for the course is Programming Languages Il which ais
intermediate course in C/C++. GAM 380: Console &am
Development Environments also uses the hybrid prajpproach.
Since GAM 380 is being offered for the first timeriohg the Fall
2007 quarter, it is not included in this work busalissed in a
separate article [7]. It should be noted thatumbiergraduate
courses at DePaul University are taught on thetguaystem,
with 10 weeks of classes followed by a final exaeek during
which final projects are due.

In the remainder of this section we discuss thectire of GAM
244 and 374, the way in which the hybrid projegprapch was
used in each class, and the benefits and drawbaxrkihe
approach.

2.2  CourseSructure

GAM 244 and 374 are very different game developnoentrses
with different goals and audiences, yet both wilthe hybrid
approach to course assignments.

221 GAM 244

The purpose of GAM 244 is to expose the studentheocentire
game production cycle, from original idea to dewil
specifications, to completed implementation. Tikig challenge
as this course does not have any prerequisitesegsired by
students in the Computer Games Development andtaDigi
Cinema Programs, and is an option in a host ofrgbhegrams
including Computer Science, Interactive Media, &midrmation
Technology. To simplify the process of teaching ttomplete
game design process to a very diverse group ofestad the
course uses Game Maker as its tool and focusedypome2D
games.

To ensure that everyone in the class experiencesd#sign
process as a whole and moves out of their resgectmfort

zones, a hybrid approach to assignments is usdte sfudents
have a total of five projects over the course &f ¢uarter. The
first four projects are all done individually arttetfinal project is
completed by groups of three or four students. fifeeproject is
a fairly simple exercise to get students acquainétt Game
Maker. The next three projects all require stusléatimplement
fully functional games, with each project havinggnessively
more complex requirements. Specifically, the fitsliverable is a
single-level game, the second a multi-level ganhe, third a
functional demo, and the fourth a complete desigeuchent and
implemented game. The deadlines for the first fotajects are
spread over the first eight weeks of the quarteshould be noted
that the grading of the first four projects doed take into

account the complexity of the game, but rather @ the game
idea was implemented. By the end of the eighthkwefethe

quarter, all students are capable in principle effgrming any
task in the game design process.

The fifth and final project is quite different frothe rest. Based
on the design documents for the fourth project ahe
implementation quality of the resulting game, royghquarter of
the fourth project deliverables are competitivehosen as the
final projects for the course. Students whosequtsjare selected
become the lead designer for their team. Two oeettother
students are also assigned to the team. A fewlfpgse the final
project, all selected projects are available foe gtudents to
review. Students can then choose the game on wihéghwould
most like to work, with a maximum of four studemsr team.
The only intervention by the instructor is to sptehe skill sets
more or less equally, for example, by making sheg there is no
team consisting only of coders or a team withoyt@ders.

It is important to note that the games selectediferfinal project
are not necessarily the ones with the best impléstien. Games
are selected by the instructor based on how wellgdime ideas
are presented in the game design document, how thachame



can be expanded in an interesting direction, and tell the
implementation supported the design document. Trhisffect
turns the fourth project into a game proposal, adgexperience
for the students. One might imagine that a cortipetigame
proposal near the end of the quarter would be stresor
students. However, the diplomatic approach taken the
instructor of emphasizing the positives of beingsdgn while
downplaying the negative aspects of not being ahdses made
this a nearly uniformly positive experience for tk&udents.
While this is an interesting pedagogical technidmea game
development course, we are unaware of any litezatur the
subject.

222 GAM 374

As mentioned previously, GAM 374 is a developmemnirse that
focuses on the creation of 3D games in C/C++ aneénGp.
Other tools used in the course include source obrarwiki, and
an educational game engine. Using a source cosystém eases
communicate between the instructor and studenwyiges a
means for distribution of starter kits and othéedj assignment
submission, and provides students with a sandbosa.ar
Communication between students is improved with uke of a
wiki, a suggestion by Alex Seropian of Wideload @amone of
the DePaul CTI Gaming Advisory Board members. &ligralso
a common instant messaging system for the coursed u
extensively for contact with the instructor.

The course is divided into eight milestones. Thest fseven
milestones are the creation of a hello world progra design
document, the 3D display of moving objects, a projgtilizing
input and sounds, a 2D display with texture mappagroject
involving collisions, and the integration of all ethprevious
projects into a game. The first seven milestones done
individually. These serve to guide the studentough the
fundamental elements of game programming. Milestoone
through six are self contained and do not dependpoar
milestones.  The seventh milestone integrates fret Bix
milestones into a game-like program. The studeargghen given
the choice of forming 2-3 person teams for thelforaject.

23  CourseResults

There are both benefits and drawbacks to the hydpjatoach to
projects taken in the DePaul CTI game developmeuntses. In
order to understand the experiences in each couwveefirst

present data regarding student performance. Wedtseuss the
results and outline the benefits and drawbackkefpproach.

2.3.1 Sudent performance
There have been a total of eight sections of GAM 24d one
section of GAM 374 offered prior to the Fall quar2807.

2.3.1.1 GAM 244

A total of 172 students formed 48 teams across dioges of
GAM 244 between Spring 2005 and Spring 2007. To sunea
how the quality of individual training contributed improving
the quality of the work produced by teams, we ubedfollowing
approach. Since Projects 1 through 4 served asaiméng phase,
any student who did not achieve a passing scateatipoint was
considered untrained and therefore removed fromdata set.
This left 139 students. All teams remained vidbleour analysis.

Of the remaining students, we computed the difiezebetween
their score on the final project minus their score Project 4.
Project 4 and the final project are fairly similarterms of scope
and goals, and therefore one would expect thatam tef four
properly trained students would be successful giaeed on a
single team project.

Of the 139 students in our data set, 79 (57%) effrtlincreased
their score in the final project while 60 (43%) tbem lowered
their score. Students who did show an increase wpnby an
average of 18.3 point whereas those who droppedsalitly an
average of 13.0 points.

Often on a team project the hard work of the besteidents
benefits the weaker students. By removing from data set
students who were failing the class by the end rojeet 4, we
reduced the impact of this effect on our analygisiong the 139
students in the data set, the average score oacprbjwas 75.8
while the average on the final project was 80.6.e Qnay
reasonably infer that while teams were composestuafents with
varying degrees of skills, all students had thditgbio make
significant contributions to the final project.

Anecdotal evidence based on the self-report comgbléty the
students at the end of the final project show timageneral, the
success of final project hinged on team dynamicheSive teams
with good communication and organization get thedone. But
perhaps most interestingly, of all the final prégethat ended
badly, not one student has ever reported lack egmation as the
main cause of the problems.

It should be noted that the data is not as supmortif the

anecdotal evidence as we would like. Particulfngtrating is

the percentage of students who do not achieve dempe in

individual work and are dropped from the analygishis section.
As educators at an institution that focuses ont-fieseration
college students, we are highly motivated to endina all

students in our courses succeed. However, as eattidr, GAM

244 is an introductory course that serves both cdempgame
development majors and other DePaul CTl majoradiRg a way
to provide the majors with the skills needed tocead in their
program while enabling non-majors to thrive is astidct

challenge. As the digital arts programs at Deaature, a better
balance may be achieved by creating multiple intovory game
development courses.

2.3.1.2 GAM 374

As indicated above, students had a choice in GAM &g to

whether to join teams for the final milestone. &ewof the fifteen
students in the course (47%) joined a team forfitred project.

The grades of the three team projects were clogshet@average
grade of the strongest individual on that teame Bable 1 for the
course data. Also, one of the three teams wasambitious and
produced only a partially working game.

Eight of the fifteen (53%) students continued takwaone on the
final project. Moativations for continuing to worklone, rather
than team up with other students, included confidenn
programming ability, personality conflicts, andteoag desire to
see their own game design come to life. Interghtineven
though the course favored programmers, artistsndid always
join programmers for the final project. The grad@sthe final
project for individuals working alone generally sha drop from
their averages over the other seven milestonesinAgee Table 1



for the complete data. Two of the eight individuateated only
partially working games. The most advanced gantethe most
creative game was produced by individuals.

Team number M 1-7 average M8 Ddta
None 50 87 37
None 92.14 87 -5.14
None 91.14 90 -1.14
None 80.86 60 -20.86
None 99.71 90 -9.71
None 83.29 90 6.71
None 81.43 90 8.57
None 95.43 95 -0.43

1 74.14 85 10.86
1 68.93 85 16.07
1 86.86 85 -1.86
2 89.14 87 -2.14
2 86.14 87 0.86
3 74.43 95 20.57
3 92.71 95 2.29

Table 1: Student performancein GAM 374

2.3.2 Bendfits

One of the clearest benefits of the hybrid approtxictourse
assignments is that it provides the instructor withtailed
knowledge about each student’'s strengths and wes&sg
allowing the instructor to form more effective team Students
who excel at programming are ideally paired witleatively-
talented students, producing a more balanced te@fcourse,
not every team will be ideally balanced as therey rha an
imbalanced skill set distribution in the class.

The competition of midterm projects in GAM 244 alpotivates
the students. It allows students with creativeager very strong
programming skills to achieve recognition for theffiorts. It also
puts them in a leadership position for the groupjgmt, giving
them ownership of the game. This can be both andwsnd a
punishment depending on their teammates. In eithse it is
certainly a good learning experience, as it allawe strong
students to stretch themselves.

The creation of balanced teams and the structupmsed by a
team leader improves the chances that quality giojeill be
produced. When possible, this can be encouragedthby
formation of a small number of strong teams. Thés been
particularly utilized in GAM 244. An instructor whgroups
notably talented and/or motivated students on #mesteam can
encourage those students to push themselves addgera high-
quality project, one that they can potentially asea showcase of
their talents when job hunting.

2.3.3 Drawbacks

Overall, the lack of time in a 10-week quarter isignificant

problem. The hybrid approach to projects makeswhirse, since
students have a number of different assignmentsnplete often
in a week or less. The time for the final projiscalso very short
since much of the quarter is spent on individualkwo

One of the most difficult things for students, oyane trying to
develop a game in a team environment, is finding/sweo
efficiently work on a project. It takes time toveéop a good

working relationship with team members and thaatiehship is
crucial for team success. In a course where therityaof time is
spent working alone, students have less time gettirknow each
other and forming good working relationships. 1ANG 244 this
is particularly obvious when the team leader iskyead in GAM
374 it manifests itself in poor stabilization o&te dynamics.

Another drawback to this approach is the difficuhyfinding an
appropriate metric to measure its effectivenesshiléMve have
good anecdotal evidence that this way of structuraourse
assignments is beneficial to students, we do ne¢ ltampelling
data to support those conclusions.

3. CONCLUSION AND FUTURE WORK
Anecdotal evidence suggests that a hybrid approéch
assignments in a game development course has aenuafb
benefits. Students gain stronger individual skifiseach area
covered by the course. Instructors gain detailesirtedge about
student’s strengths and weaknesses and can usmftiisiation
to better assign students to teams and to evalshtdent
performance. When competitive individual assigntmeme used,
students are more motivated to work hard, to girétemselves,
and to gain valuable experience as a team leadstudent
creativity is also encouraged, and in the case arfipetitive
individual assignments, rewarded with public redtign.

Unfortunately, it is difficult to assess the effgehess of this
approach and our data does not clearly supportatiexdotal
evidence. We believe there are two main reasonthie. First,
the metric of individual grades versus team gradess not
adequately address the contribution of each stuttemtrd the
team work. If we are to measure how much hybridjquts
improve each student's individual skills, we needoren
information. For example, we need to know whatlskihe
students brought into the class and the preciséribation of
each student to the final project. We could thexasare if the
improvement in individual skills is a result of tlmtial course
projects, and if so, how that improvement maniféstsif in the
finished project. It would also be helpful to maas student
experience with and attitudes toward group worlceistudents’
prior experiences on teams influence their intésactn group
projects, the development of interdependence amteam
members, and issues such as conflict management
communication [5]. Second, individual skills arelyoa part of
what each person contributes to a team. One ofntost
important things that a team member can do is tk\fiiciently,
with as much of her work as possible ending uphe final
product. To determine if the hybrid approach inve® this
aspect of team performance, we need to find a waydasure if
the individual projects help students become méfigient.

There are several changes independent of hybriggtsothat we
anticipate making to the GAM 374 course. At thggastion of
Eugene Jarvis, another member of the DePaul CTI igam
Advisory Board, the new version of the course vidtus more
clearly on the creation of complete game prografe. do this,
two mini-game assignments will be added. The aedigcument
milestone will be changed to an in-class activityd athe
integration milestone will be eliminated in favof ane of the
mini-games. For the final game project, the stisldrave the
option of extending one of the mini-games or wogkion their

and



own game design.

working games a student creates.
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