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Abstract

A team at Purdue University has been working on @FN
sponsored project to create a set of researchatatid
recommendations for the development of scienceovigiemes.

As a way to accomplish this task, the team createthree-

dimensional first-person shooter video game thatires players
to utilize chemistry knowledge to advance in thengaworld. A

team of chemistry, computer graphics technologymmater

science, and instructional designers collaborated the

development of the game and in conducting the reBeaThis

paper details the process used by the team. Résuftshuman

subject testing will be presented at the conference

CR Categories: 1.3.6 [ Computer Graphics]: Methodology and
Techniques— Interaction Techniques; 1.3.7 [
Graphics]: Three-Dimensional Graphics and Realisnmiration
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1 Introduction and Background

The goal of our project is to indentify the the mational and
educational issues that influence the creatioredfgogical video
games. Specifically, this project aims to createcational games
that have the immersive and game-play qualitiegraditional

entertainment video games.

The use of digital games has grown exponentiatigesithe early
1980’s, when personal computers first appearedgpPthe first

commercial video game, became available in 1974. didest of
today’s traditional college students wasn’t bortilur®81, a full 7

years later, the year that the IBM PC was introdufg@rensky,

2001]. The now ubiquitous nature of computers emhputing-

capable devices has resulted in making digital renvients

easily accessible. As a result, there is a gemeraif people who
have grown up not knowing a world without computersd who

have been shaped, possibly in fundamental wayagcbgss to the
tools provided by this digital environment.

Prensky [2001] argues that the current generatfstunlents has
a degree of experience with computer games thatesmékem
different as learners than prior generations oflestts, including
their teachers. Research in neuroplasticity [ShagvMcEachern,
2001; sterr, et al.,, 2002; Merzenich, et al., 2002Inik and
Cohen, 2003] supported by studies in brain imagRapoport,
1999] would indicate that it is highly likely th#te regular and
frequent use of video games and digital multimedtisironments

Compute

by today's students could result in brain orgamiratthat is
different from that of older, non-game players.

A number of studies have suggested cognitive effdodm
computer game playing. A recent paper by GreenBanglier
[2003] shows that video-game players outperform -video-
game players on tasks of visual attention capaeitymeration,
and attentional “blink” time. Furthermore, non-w@game
players who then trained with videogames for dke léis 10 hours
were able to demonstrate significant improvements tloese
performance measures. It has been suggestedhihaverage
teenager in America today plays video games fom@tutes per
day [Prensky, 2001]. It seems plausible, thent gtadents in
today’s classrooms would be capable of processifgrmation
presented to them very differently than in the egrbonceptually
linear approach that is still a dominant mode ofiggogy.
Today's students may even learn more effectivetyaterial were
presented in a manner that takes advantage of famlity with
digital environments and, in particular, with dait game
environments.

Hitendra Pillay [2003] reported on a study to exaenihe effects
that computer game playing has on computer-bassduational

tasks. The findings suggest that playing recreaticomputer
games had a positive effect on subsequent perfa@nam

computer-based instructional tasks. Furthermadne, tyype of
computer game played by the students influencecchioéce of

cognitive strategies they used for the instructidasks. This type
of skill transfer would be a strength for studeifittistructional

material shared some of the characteristics ofgémmes these
students are accustomed to playing. The use opuotmngames
appears to result in enhanced thinking abilitieshsas inductive
reasoning [Camaioni, et al., 1990], creativity [[Ditie 1995],

anticipatory thinking, means-end analysis and pelrprocessing
of information [Pillay, 2003], all of which are dezble cognitive
skills for problem-solving in general, and partaly in science.
Structural information is the formatting, layoutdadesign of a
digital environment and is independent of conteritgrovides the
basis for dealing with the content [Mayer and Sir894].

Similarities in structural information between gamend

instructional materials would assist in the skiltansfer that
would then help students perform better on insipunet tasks
[Pillay 2003, Spiro and Jehng, 1990].

The cognitive theory of multimedia learning propbd®y Mayer
[2001, 2002] suggests that there are importantacheristics of
multimedia environments that may contribute to né@ay at a
deeper level. This cognitive theory is based oa idea that
human beings possess dual channels for processnglvand
auditory information. By presenting a combinatioh spoken
words (auditory information) with images (visualdrmation) the
cognitive processes are used most effectively asdltr in an
integrated model of the material learned that canabcessed
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either through visual or verbal memory modes. ®a other
hand, when text is presented in a written formoinpetes with
graphical information and, based on Mayer’s “lirditeapacity
assumption” for each channel, there will be a kffisient use of
the visual channel in the formulation of a mentaidel. Mayer
further asserts [2001, 2002] that active processingt take place
for meaningful learning to occur and for the stud®nconstruct
mental models or “knowledge structures.” Active qassing
involves paying attention to incoming informati@md organizing
and integrating that information. This aspect loé ttognitive
theory of multimedia learning has parallels witke tonstructivist
theory of learning [Bodner, 1986; Bunce, 2001], ethstates that
knowledge must be actively constructed by the keramot simply
transferred into the learner’s mind. Whether byybt&s active

processing or through a constructivist standpdimse theories
both indicate that active involvement of the learrie the

educational task is a critical component for meghihlearning to

occur.

While the benefits of using computer games for atlon are
known, the majority of the instructional video ganu® not place
the same level of emphasis on game-play issuesreadstic
graphics as commercial games. An article in therrhl of
Chemical Education [Russell, 1999] lists 67 ganmastéaching
chemistry. The majority of these are simply cneatidaptations
of drill-and-practice tutorials or applications odfacts in
algorithmic ways.

The factors that often differentiate commercial gamfrom
edutainment products are the emphasis on gameiggags and
the immersiveness of the environment, in termsraplgics and
storyline, present in commercial games. In manmyem the rules
must be easy to learn but the game itself must ifieudt to
master, thus maintaining challenge. But the chgheitself must
also be highly adaptive, allowing players at a etgriof levels to
be engaged without being overwhelmed. Frequenandsvare
also necessary to keep the player involved, as ala clear
overall vision that allows the player to set gaatsl stay focused.
Other game elements that are believed to be impmoria
maintaining user interest include competition/atradle, rules,
goals/objectives, outcomes and feedback, intemactémd story
[Amory, et al., 1999; Prensky, 2001; Smith and Glyall977].
Edutainment games typically focus almost entirelytiee delivery
of instructional content from a “fun perspectivelhe net result is
that edutainment products do no enjoy the same tfugsage as
commercial games.

These differences can partially be attributed tffedinces in
resources and skill sets available to develope@ommercial
games are routinely created by teams of ten pempiaore with
skills with a wide variety of skills over a periad two to three
years.

To effectively integrate commercial game developmaiith

instructional delivery, there needs to be a soldotetical
foundation driving the process. Starting in June@3,9Co-PI

Weaver started to conduct studies in this area.irtyFfour

undergraduate students have been studied duririg uke of
games, 15 males and 19 females. These studengsvaiemteer
participants from a variety of different majors iscience,
engineering, agriculture, pharmacy and liberal.aBgven games
were used for the study, each of a different gemsteategy,
puzzle/adventure, role-playing, simulation, actiost-person
shooter. The game Chemicus was included among dneeg

tested, which is of the puzzle genre, but there waether

commercial game of this same type that was incluthedhe

testing in order to control for the fact that Cheusi is intended to
be an educational game, whereas the others areStadent were
given a survey about various aspects of the gamddhey

answered the survey once after having played tineegar one

hour, and then again after having played the gamesik hours
(the maximum amount of time that any game was plagethis

study, with all game play in 1-2 hour sessionsyd8hts were
being observed the entire time that they were ptagihe games in
order to look for patterns in behavior and to ttagir mastery of
the games.

2 Implementation

In the course of pursuing our research goals, eamtelected to
create a 3D first-person shooter game to teach Glrym
concepts. The game was created using a produgtimess in
which game designers, artists, programmers, angecumatter
experts colloboratively build games. The projectasw
implemented using a production process similathet found in
commercial entertainment game production compani€o-pi
Morales relied on his experiences from working a&hHVoltage
Software to guide the production process usedigghme. The
pre-production phase of the project presented gueniset of
challenges not typically tackled by instructionakijners or
commercial entertainment game developers.

At a high-level, this project can be viewed as ithtegration of
instructional-design and commercial entertainmename
production practices. At an operational level,penty integrating
these two different workflows turned out to be antendous
challenge. Our ultimate goal was to create an &titutal game in
which the educational elements of the game arg fotegrated
the narrative of the game. Thus, all of the edanat challenges
needed to be shown through the lens of the ganmativar and
motivated by game-play elements.

Our initial attempts yielded scenarios where it waglent to the
player that a back-story had been constructed fzerl laced with
instructional challenges created by subject maxgerts (SME).
This not only created a poorly constructed gameeims of
immersiveness, but also was also not very instinati Fixing
this aspect of our production process turned outéomore
difficult than any of the technical challenges \aedd.

To overcome this problem, we reorganized the desgm in a

manner that forced the chemistry SME and game-degsgto

collaboratively create guidelines for the operatioaspects of the
game. The Chemisty SME primarily concentrated de t
educational aspects of the game and the game-@esign
concentrated on the game-play and narrative conmgenePrior
to this arrangement these groups primarily workeidalation and
only came together to integrate their parts. Unthe new
arrangement, they created all of their parts colatively.
Initially, this slowed down production because thewas a
tremendous amount of cross-education between th@sgroups.
However, the quality of the game design createdthzsy team
improved significantly. Figure 1 shows the orgatia of the
design related teams.

The Chemistry team started out by narrowing possliéarning-
activities to those documented in the educationtatature to



evoke misconceptions on the part of the studenitsitially, this
led the Chemistry team to concepts of chemicalidmyivim,
stoichiometry, and numerous other possibilitieso fif into the
narrative aspects of the game, the chemistry tebatteel to
always present the chemistry challenges in a way tad a
practical application. In one part of the game, tharacters need
to make ammonia to allow them to grow food. Thaswa perfect
place to introduce the concept of stoichiometrgptigh a practical
challenge that forced the players to use the HBobsch process
to synthesize ammonia. Another challenge withie thame
forces the player to deal with acids and baseshasgame
narrative places the player in a situation wherkshe needs to
deal with sewage in a waste-water facility.

To better focus the design team on the functiospkets of the
game, we transferred the responsibility for esshlirig the visual
aspect of the game to a concept artist outsidbefieam. This
allowed the team to concentrate on the elementsieaedor
instructional effectiveness and for the game toflne This
arrangement also improved the quality of the prodjenerated
by each of the groups.

Under the original team arrangement, the desigm t@as forced
to supply all of the necessary materials needetheyartists and
programmers to create the game. This was disastemd

inefficient. Many times we would not catch majoavils in the
game until after the production teams had compléted work.

These difficulties were primarily due to the fabat the game
design materials were heavily text-oriented anéiddche level of
visual detail needed for the production team toamptbrough the
asset creation stage. Specifically we found thany visual
elements needed to solve the chemistry challenges missing,
control elements were often constructed in a wat thas not
intuitive to the player, or the chemistry was noégented in a
manner congruent with the game world.

The placement of an independent concept art teameka the
design team and the production teams, fixed oublpras. This
team created detailed 2D renderings and 3D mocthaiswould

serve as a reference for the production teamsvo dimensional
images were primarily used to provide a sense efalvlook and

style to the 3D artists and programmers of the pctidn team.

While they were useful in describing the generakland feel of
the game, problems developed when complex objéctpexific

detail needed to be created in three dimensionsleWhe 2D

depictions provided large quantities of visual mfation, 3D

artists worked more effectively with views of olfeat several
angles in the modeling process. This was initiallldressed by
providing 2D orthographic views of objects at vagovantage
points, but the sheer number and complexity of abjéhat were
required to be rendered made this an inefficienthot: To

further speed up the pace of concept-art productia concept
art team elected to do some of the mock up workgusiast

Software SketchUP.

We also added a review panel of non-game playensposed
primarily of female students to help guide the depment of the
game environment and activities. This was necgdsarause our
production team did not match the demographics tanget
audience. While we wanted to the game to appehbtb males
and females, the production team was composed plymaf
males. During the testing of some of the leveks feund that our
choices for game-play elements and art were nacefe at
engaging females and non-game-players.

Chemistry

SME \

7'y Concept Artist —»

\ 4
Game Designer

Non Game Players
Reviewer

Figure 1: Design Team Organization

3 Production

The production of the game was implemented usirginalar
process as that found at commercial entertainmesuneg
companies. There were three primary productionmsea
composed of artists, programmers, and technicatgdirectors.

The programming team, led by Ryan Pedela, was nsdple for
the programming of the actual game and the creatibny
custom tools necessary to improve the software |dpweent
process. Individuals within the team took on tasponsibility of
writing code for artificial intelligence, graphicsetworking, data
tracking, and game play programming.

With the exception of the assessment and dataitrg@spects of
the game, the development activities of the prognamg team
were fairly standard for game development. An &déng

challenge faced by the team was the inclusion cohegplay

features that could be toggled on/off during thetitg phase of
the game. In order for the research team to be tabisolate the
features of game design that makes an immersiveegédmvas
important to build into the game the technologiahility to turn

features on/off. From a programmer’'s perspectivés was
implemented through the inclusion of game-cheaasthe game
console.

In addition to the ability to toggle features offi/dfased on
research requirement, the programming team wasfatsal with
the challenge of building a data collection andlysis feature
into the game. While data collection instrumentsswle of the
game environment would allow the research team iscoger
affective and performance discoveries about theegexperience,
we wanted to enable the game to expose data in enahat
would allow deeper types of discovery. One possilglsearch
inquiry included tracking the communication patterof the
players in a multiplayer adversarial scenario vemgunultiplayer
collaborative scenario. From a software developfrperspective,
this created two challenges. First, we neededéokta large
amount of data without having a significant impamt the
performance of the game. Two possibilities examimgthe team



included dumping the data to a file on the localdhdrive or to

create a socket connection to a secondary comfartexrchival

and analysis. Both of these presented their owmefits and
problems. As of this writing, the team has noestdd a solution
to this problem.

The second challenge created by this scenario wed for data
analysis tools for examining the data. If the asiglys to be done
in-game, the programming team bears the respoitgitulf
creating these tools. On the other hand, if thedyais of the data
is done after the game-play concludes then the al@dysis can
be done using standard experimental design tooks of this
writing, the team is examining the use of both apphes. In
scenarios, where we would like to change aspectieoplayer’'s
in-game experience based on research construets,ttfe data
analysis needs to be implemented within the agiaale.

4 Art Production and Technical Artists

While the production requirements for the projemuired the art
team to be extremely large, this team did not faTe significant
challenges unusual for a game development teane. tddm was
led by Eugene EIlkin and consisted of modelers, aturs,
motion-capture specialists, texture artists, aret irsterface (Ul)
artists. The 3D assets were created in Max orayldgpending
on the preference of the individual artist. Tegtrand Ul
elements were created with Photoshop. The motimtuce
sessions were conducted at the Purdue Universitision Center
using a optical-motion capture system and were iegpplising
MotionBuilder. Figure 2 shows one of the in-gamearelsters
created by the art team.

Figure 2: Game character

The technical artist team was primarily responsiiole creating

in-house tools to speed up art production or tdlifare the

placement of art assets into the game engine. ribst time

consuming portion of this project was the creatidrart assets.
Thus, any tools or techniques created by the teehmirtists or
technical directors had a significant impact on plage of asset
creation.

One scenario that illustrates the impact of thisrten the success
of the project was the game-asset-export cyclethétbeginning
of the project, each of the models were individuakported and
placed into the game engine by the programmerse prbcess
was accurate but very slow. One of our technic&atiors wrote a
script that allows the artists to create levelshimitMax. When

the artists is done, the script takes each objaowes it to the
origin of the world, exports it as an individual fiXe, and writes

to a text file an inventory of all of the exportethjects. This
single script reduced the amount of time that pidglly took the

team to place objects in a scene by a factor difteipols such as
this one have been invaluable to the success qirthject.

5 Evaluation and Conclusion

To properly evaluate the project the team imposeskres of

formative and summative evaluation mechanisms. [loeess

used to create and deploy a game level is faimhgtley and

involves many people. First, the chemistry andigie teams

formulate the educational and non-educational ehglts. Those
challenges are then visualized by a team of coscapists. The
art assets are then created by tens of artistg ukan functional

instructions provided by the design team and ttsialization

created by the concept-art team. Then, thosesaetsare placed
into the game code by the programmers.

This long chain of interdependent processes canltréis a
product that does not deliver on the original desig To
compensate for this possibility, numerous formatéxeluation
mechanisms were used. The first mechanism waadade a
review process in which the work of all of the teais reviewed
by the previous team in the chain. The design tearews the
work of the concept-art team, the concept-art teamiews the
work from the art-team, etc. This process allowsdto make
mid-production changes without incurring tremendpreduction
time losses.

The most potent method for formative evaluation €am the

form of game-play testing. In this type of evaloat members
from the target population for the game were givée

opportunity to play the game. As they played thmg, members
from the production team observed their behaviat moted any
difficulties they had in completing the needed &aslouring this
type of testing the objective is to provide thedurction team with
input on the effectiveness of their design choickds important

to note that this type of evaluation cannot prowaéidation on

the instructional effectiveness of the game. Ilhd$ possible to
assert that the players are learning from the gasieg this

mechanism. However, the mechanism is very impobrian
validating the mechanics of the game. We can a&#githings like
the visibility of in-game text, the intuitivenes$§ game controls,
etc. We found each game-play testing phase toxireneely

valuable.

After the game-levels went through a game-testihgsp, the
game was tweaked and entered summative testinglithate the

instructional effectiveness of the game. The dbjeat this point
is to test if exposure to the game makes a sigmifichange in the
learner’s performance or attitudes. As of thistiwg, the game is
under going this evaluation. Results will be pnted at ACM

SIGGRAPH 2006.

Developing a solid educational game that is bothundo
pedagogically and entertaining requires a desigrcess that
integrates educational issues with the traditiogame design
process. In this project we have found that thegration of



artists, programmers, game-designers, conceptsardisd subject
matter experts has been invaluable in meetinggbait
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