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Abstract: The design and implementation of educational games can be highly motivationa to
undergraduate students. In many cases it allows them to build the kind of computational artifacts
that they envisioned building when they entered a computer science program. Additionally, the
design and implementation of games is demanding, as it requires to master avariety of skillsand to
combine them in a context that typically includes collaborative and interdisciplinary work stiles.
Initially, computer science programs did not welcome the notion of game design, as they perceived
games as a non-serious gpplication of computer science principles. With the game industry growing
at an enormous rate and the complexity of the games clearly reaching a level of complexity
approaching, and in many cases exceeding, the level of most GeeriousO computer science
applications the evidence has reached critical mass indicating that games have become computer
science showcases. At the same time there is also increasing evidence that games can have high
educational potential. Rich simulations, for instance, promise to engage learners in activities in
ways not previously possible with traditional media such as books and even electronic media such
as movies. Our goa was to combine these two directions by offering courses on game design for
education. The main point of this paper is to share our experience over three iterations of this
course.

Introduction

The Univerdty of Colorado computer science department hasbeenoffering an educational game
desgn course in 2005 for the third time. Before the Trails project the ideaof gamededgn was
explored in the context of more tradtional courses such asthe ObjectOriented Dedgn (OOD)

course and topic courses The OOD course is popular with undergaduate computer science

studerts. However, the OOD course is considered challerging to teach since studertOs
expecttions vary widely. Same prefer a highly thearetical treamert while others prefer to gain

projectorierted hands on experience. In spring of 2002 the OOD course employed the idea of

gamesas mears to bridge the gap betweenthearetical and concrete treamens of desgn and

implemenation issues Using software engineering approaches including UML diagams anrd

product decription of classic arcaa gamesstudents had to desgn and implemern simple versons

of gamesincluding Space Invaders Sdkoban, Paananand the Sims This experience mace clea

that the popularity of gamescould be usefully combined with educatonal goals.

The positive experience with using gamesin a computer science course let to the gameinspired
verson of the Trails course at the Universty of Colorado. In the spirit of the Trails framework
regardng projectorierted, collaboratve and interdsciplinary approaches a course called
gamededucation reauited not only studerts from the computer science departmert but also from
educaion ard fine arts. Currertly in its third incarmation this course is trying to balance ideasof
game dedgn with educaion. Students are exposed to topics ramging from a dedgn,
implemenation and teging to the theay of learring. Initially, studerts work on several smaller
projects introducing them to the mecharics of gamesand play teding. In the secand part of the
course they needto presernt a project proposal. The proposal hasto address issuesof leaning as
well as engagemert. Studerts would have to make field trips to schools to play ted their
prototypes and final products with K-12 students. Final assessmert of the projects included a
number of criteriaincluding educational value and potential for engagemert.



A significart challenge to undergraduate computer science education is the gereral lack of
auhertic, projectorierted courses involving teamsof studerts to produce non-trivial artifacts.
Early curriculum focuses on highly isolated skills typically reducing the notion of a projectto
throw away programs resulting from individually implemerted textbook algorithms. Team-based
projects of openended problemsareonly found at serior levels. Quite oftenthese senior projects
reailt in negative OedcatonalO experiences conveying how not to orgarize a project This
frustration stems from the previous lack of teamwork experience and exposure to projects of
significart complexity without a well-known solution.

Games are leadng edge computational artifacts fueled by an explosively expanding industry.
They not only integrate virtually all computer science topics but also are highly mativational. A
large percertage of computer science studerts mertion their interes in gamesasone of the main
rea®ns to have ertered the computer scierce field. The GGamelets for EducaionO course is
concerred with the acauisition of computer sciernce related design and implemernation skills by
having undergaduates build educatonal gamesfor studerts at various educational levels. There
is a need to underdand and to support a complex ecdogy involving instructors, univerdty
studerts, K-12 studerts and external dedgn knowledge in order to be able to succesfully build
these gamesin arelatively short amaunt of time.In this paper we describe some of the challerges
we faced

Game Design for Education Challenges

The main challenges we experienced with game desgn in educaion include the needto balance
engagement veraus learring, to provide diverse background information, to prepare universty
students to interactwith K-12 teacher and studerts and finally to selectappropriate tools.

Educational Gamededgn needs to carefully balance engagementand learning

We have found that it is extremel diffi cult to achieve a good balance betweenengagemert and
learning. Figure 1 (below) illustrates the balance between engagemert and learring as a
continuum. It is not completely clearwhere exactly well working educational games needto be
positioned in this continuum. A game can be tremendously engaging without even the slightest
hint of learring. On the other hand a gamemay offer excelent learring opportunitiesbut simply
not be much fun to play at all. Certainly the extremeend points needto be avoided but a good
balance doesnot necessarily imply that agame should be exactly in the middle of the continuum.

Engagement

packward design

Learning

Figurel. The Engagement / L earning Continuum. Educational Games should balance engagement
and learning by combining game design with backward design.

The fundamertal desgn quegions are not limited to the learnng versus engagemert continuum
but also the needto address the type aswell asthe quality of the connecion betweenlearring ard
ergagemern. As we have seenwith the highly controverdal concept of edutainmert the mere
juxtaposition of learring and engagemert is not likely to produce compelling contert (Brown,
1995). Imagne, for instarce, a Pacmantype game in which a user camot simply pickup
powerpils to defeat attacking ghost but instead needs to solve double digit addition math



problems In this examgde the leaning goals are about elemenary school math whereas the
context of the Pacman game is employed as engaging acivity. There is no intrinsic connection
betweenthe two. A lack of a meaningful connecion betweenleaning and engagemert caneasly
reault in desgns that areneither well suited for learning nor fun to use. The blurred line between
learring and engagemert of Figure 1 is usedto symbolizethe needfor a progression.

A secand philosophical consideraion regardng the balance of learring and engagemert is the
desgn proces usedto reach mearingful connectons. In other words the continuum is not only a
spacecontaining individual points but also a spacethat canbe usedto capure dedgn procesesas
transitions from one point to another. A desgn proces may start at one point in the continuum
but gradually migrate towards a differert point. The proceses that we have withessed in the
Trails projectfall into two differert dedgn philosophy categories

1) Educational Dedgn (Learring ! Engagemert): Educaional desgnOsmain objecive is
learring. This dedgn proces starts with learring but gradually adds elements of engagement.
A popular dedgn approach used in education is backward dedgn (Wiggins and McTighe,
2000). The backward dedgn proces starts with the idertificaion of learring goals, then
dedsgns assesmerts and, finally, plars activitiesin support of the learring goals. To reach
somedegeeof engagemert these activitiesmaybe implemenied asgames

2) Game Dedgn (Engagemert ! Learring) Game dedgn is highly focused on motivational
agect such as engagement and fun (Koster, 2004). Most gameshave clever scaffolding
mechanisms built in (Gee 2004) allowing their users to gradually solve more complex
problems However, thesee mecharisms aretypically usedto learnabout using the gameard
not about some educatonal topic. Most gamededgn approactesarehighly user certeredard
iteraive. Paential game usersare exposed to dedgn prototypesearly and oftenin order for
dewvelopersto gain insights into the degree of engagemert actually acheved by a game.The
realty is that even the most experienced game dedgners have to learnto mistrust their own
intuitions and replaceintrospection with user teging.

At this point we should admit that we do not completely comprehend the notion of mearnngful
connecions betweenengagemen ard learring. Reviewing a number of commercial gameswe
found that sometimes neither game desgn nor educaton desgn thearies would be good
predctors for the engagemert and educational effeciveness of a game. One such gameis called
the Typing of the Dead (Pak, 2001). The Typing of the Deadis about learring to touch type. An
unending streamof blood soaked zombiesis constartly attacking the player. Eachzombie holds a
sheetwith a small pieceof text. The player hasto use the keyboard to match that text asfag as
possible in order to make the zombie go away. As the player progressesin terms of typing skills,
the text will becane more complex ard the zombiescan also increa® their attack speed Most of
the Trails memberDpersonal evaluation of this game was extremely polarized Either pecple
concludedthat this wasan example of the worst possible educaional game or of the beg possible
educaional game. On the surface there is no obvious mearngful connecion between
erngagemen and learning in this game. The engagemen is based on the drama of attacking
zombies The leaning is about touch-typing. At a cognitive and ontological level there is no
apparert connection betweenzombiesand touch-typing. However, at a procedural leaning level
we find that perhaps the nature of learring how to type, which is highly connected to
subconscious mator skills, is indeedclosely and mearingfully connected to a game context such
asthe Typing of the Dead The ahility of the game to adaptively balance typing challergesard
skills through agamecontext is relatedto the notion of flow (Cskszertmihalyi, 1991).



Providing diverse background information

Instructors will have to cope with the fact that studerts arelikely to be more knowledgeabie about
certain agects of game dedgn including the knowledge about the most currernt verdons of
commercial games The variety and complexity of game creaion tools is too large for most
instructors to handle. The requiremert to build educational gamesmakesit necesary to provide
suffi cient educational background to be alle to creae educational contert thatis relevart to K-12
curriculum.

We underegimated the need for good background materials in earier verdons of the course.
Also, we overegimated our studertsGakility to pick up the neeced conceps from readngs in the
literaure. In our lated iteraton we wrote a set of notesthat (we hoped) would provide concreie
guidance to our studerts on learring theary, its applicaion to analysis and desgn of games ard
the Oheary of funQ and its application. Especially in the latter area we felt we were breaking new
ground, in that (we feel) there are no suitable presertations of what makes gamesfun that are
concrekely applicade to educational gamedesgn.

Even with these notes we feel the problemis at beg only party solved We based our noteson
desgn for learring on AndersonOs ACT-R framework (Anderson), which distinguishes
procecdural and declaraive knowledge. Making this distinction in the context of the learring
objecivesfor games proved problemaic. One could argue that this is an unavoidade problem,
since pegole can and do shift knowledge acress these forms, but the realting confusion and
uncerfainty is an obstacle to making learring analysis adequately concree in the context of
dedgn.

A further problem is that we didnOtprovide ermough examgdes of worked-out aralyses to
supplemert the presertation in the notes Adding exampleswould help set the right expectations
for our studerts, some of whom wereinclinedto skimp on aralysisin favor of Opist desgningOor
even Ojist codingO.

Preparing CSstudents to interact with K12 students and teachers

Callaboration betweenuniverdty and K-12 studerts need to be heavly scaffolded since few
univerdty studerts have arny experience in user certered desgn approactes involving actal
contactwith users

Idealy we could have a course setup in a way that it would allow in-service teactersto take the
course aswell. Thereare a number of problemswith getting teackersto erroll into such course.
One problemis simply the time of the course. Most teacherswill require a course to be scheduled
after four pm to avoid interfererce with their teaching schedules An even bigger problem is the
lack in most states for the needof information technology (IT) certificaion. Teacherswho are
plaming to use tecmology peripheraly or asmain teacling subjects arenot required to get ary
kind of IT cerificaion. With their busy schedulesthis mears that in order to fulfill their pre- and
in-teaching educaton requiremert they arenot likely to have the time, motivation or reourcesto
attend tuition-based univerdty courses At the political level, on along-term scale, this will need
to be changed by adding an IT component to teaching certficaion. In the short term, howewer,
this mears that teachers needto be fi narcially supported to take these kinds of courses

Tool Complexity

Over the yearswe have observed different outcomes based on the kind of tools studerts have
used One point that is essertial is to include some expectation mamagemert. This managemert
will put the use of a ceriain tecmology into pergectvesincluding the explanation of trade offs
betweengame desgn, game complexity ard learning dedgn.

1) 3D from Scratch. Especially to computer sciernce studerts thereis a natural affinity to use
high end programming tools. 3D gameswith complex rendering areoften consideredthe holy



2)

3)

grail of engagement. Since mary CS studerts also feel that learring essertially emergesfrom
ergagement they are compelled to sperd most of their efforts on the engagemen side.
Unfortunately, creaing a 3D application is by no mears a simple endeawor. A course limited
to one semeser simply doesnot provide the time necessary to preparestuderts in the use of
relatively low-level application programming interfaces (APIs) such asOpenGL or Direct3D,
ard to provide them the necessary background in game dedgn and learning desgn. As a
reault, with the excegtion of perhaps the beg groups of studerts including individuals with
previous experierce, studerts are likely to face a frustrating time. Studert will have high
expecttion, which simply camot be mathed because of their lack of experience and the
mere lack of time.

3D with Game Engines Game Enginesare softwarepackagesthat will substartially leverage
the desgn and implemenation of 2D/3D games In some serse they can be considered a
middleware layer betweenthe low-level 3D APIs and the game applicaion. Modern game
ergines are highly optimized towards the kinds of gamesthey are used for. Most of the
popular gameenginesare produced by the compary that builds and sells the gamesbased on
that engine. On the one hard this providesa greatopportunity for creatng truly sophisticated
gamesreeching alevel of quality only found in commercial games On the other hand most of
these game erginesare tricked out to the point where they are highly specialized towards a
certain kind of game. For instarnce, attemps to use a gameengine in a non-first/third person
mode may reallt in serious conceptual as well as technical problems Additionally, these
erginesarenot well suitedfor prototyping for anumber of rea®ns. The learring curve canbe
extremely steep Most game engines are very large, and often poorly documerted piecesof
software. In addition to programming challenges game erngines also pose artistic challerges
becawse having seen games creatd with that game engine studerts feel obliged to creae
high-end 3D models. Studerts feel compelledto have cool models even for early versions of
their games Unfortunately, the creation of these models cantake a lot of time because they
needto be creatd with complex 3D modeling tools, which also have a steeplearning curve.
As a reallt a lot of time that should have been used to explore a solid game concept is
misused with premature high-end contert creation.

Gamelets: Simple Web-Based Game Building Tools. In lieu of the likely complexity
emeging from 3D games we have explored the notion of so caled Gamelets as simple
verdons of games A Gamelet hasa complexity comparabe to classic arcade gamessuch as
Paanan Our goal was to cap complexity so that studerts, by using the AgentSheets
simulation-authoring tool or the Flash Web animaton-programming tool could build early
prototypes of gamesin a mater of minutes and hours instead of days. The tools we used
allowed the studerts to shift much of their time from implemertation to desgn. Studerts
could quickly produce prototypes that were sufficiertly concree so that users could
mearnngfully reactto them. This kind of interacton wasimportart to facilitate an iteraive
desgn/implemertation approach

In hindsight we liked the Gamelets approachthe beg asit provided the bed mears to iteraively
explore a constructive balance betweenengagemert and learring.

Conclusions

Educational game dedgn has some very atiractive features as a focus for projects in computer
scierce: techical scope (in desgn, implemertation, and evaluation), a high level of student
intereg, and (for some studerts) the appeal of senvice learring. But our experience hasbeen that



is quite hard to exploit thes advantages fully, for reasons we have tried to articulate here. We
feel that our course developmert is very much an iterative proces:. each offering of the course
gets better. We hope our experiencesmay help othershome in more quickly on the target, which
iswell worth hitting.
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