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ABSTRACT

AMANDA BROOK CHAFFIN. Gamez2learn: building a coilgy into a game engine to
increase learning gains in computer science staddhinder the direction of DR.
TIFFANY BARNES)

Increasingly, games are being developed for usiderthe classroom and work
environments as a learning tool for students anpl@yees in a variety of disciplines.
Since its inception in 2005, the Game2Learn graagpbeen dedicated to the idea that
games can be used to teach introductory computarcconcepts to introductory
students. The games developed by the group haagysibeen driven by the need to
increase student motivation and engagement indhmpater science class, which is
critical to gaining and retaining computer sciesttglents. The games built prior to this
thesis were all rapid prototype games which, wélilewing learning gains and improved
attitudes toward educational games for computiryndt allow the students to write
actual code in the game environment, dependingadsdf code metaphors such as a
magic code fairy that students input for loop nurshieto the program (Wu'’s Castle), a
drag and drop pseudo code interface (Saving Samd)instruction through dialogue trees
(StormHaven 2 and The Tournament). The hypotlieaiswe are targeting is that
EleMental The Recurrence will improve student learning dlveaursion and depth-first
search. We also hypothesize that students whaotiagame will have a positive attitude
toward playing such games for homework as oppasé@ditional assignments. In this
thesis, we will discuss the computer science canibep we targeted with our game

design to meet our hypothesis, the game that waexdehow it was implemented, and



present the results from the study. The studyesctvom the pretest to the posttest (with
a p <.05) show learning gains from playing the gdhat we built and we also present
the qualitative feedback from our participants, tradst highly favorable. Unlike our
other Game2Learn papers, this thesis is dedicatttketidea that having students write
actual code (in this case, C# code) which theyocemnpile and run in the game world

would be the ideal interface to teach studentsdhictory computer science course.
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1. INTRODUCTION

Game2Learn is an innovative project designeduerbge video games to create
enjoyable, “playable” programming assignments. iBeed to the ideal of gaining and
retaining computer science (CS) students, the Ghes group aims to make the entire CS
experience for undergraduate students a more pieasd productive experience. This thesis
presents my work to create and evaluate a gamaltbats students to write, compile, and run
C# code that can interact with game objects dutimgtime. In this research, we outline the
design and development of Bentat The Recurrence, a novel game that provides canput
science students the opportunity to write codeertbrm interactive visualization to learn
about recursion through depth-first search of atyitree. We designed the game to facilitate
maximum transfer of learning to writing real progis while also providing for interactive
visualization. We conducted a study with computégrsce majors to measure the impact of the
game on learning and on attitudes toward educdtgaraes. Our results demonstrate the
enthusiasm students have for learning games amitlprmsight into how such games should
be constructed. In future studies, we plan to mmeawhether learning from the game is
retained over the long term.

1.1 Motivation

Even as the employment opportunities for compstentists rises to meet the current
market demands, the number of students enrollidggaaduating from college with a degree in
computer science (CS) is on a steady decline (V2083@). Most of the attrition in the CS
degree happens early on, typically in the CS1 d G&urse, and is as high as 40% in some
cases (Beaubouef & Mason, 2005). Some of the nsdso this attrition are: lack of

preparation in the necessary logic and math skillscommunications between instructors and



students, poorly designed instructional blocks tapic coverage, poorly designed
programming projects and code examples, and undpaped or poor localized language
skilled instructors (Beaubouef & Mason, 2005) wH cannot keep students in the computer
science programs, how do we expect to produce énprggrammers to meet the rising
demand?

Many researchers have discussed the possibleitssioefusing games in education; the
problems in computer science education may be ehiqelevant for solution with
instructional video games. We hope to leveragentreased motivation games inherently
provide to increase student attitudes toward comgund help them learn at the same time
(Squire, 2003). Games provide a way to createsaace a chunk of educational content while
also making students feel that their computing atan is more relevant. In other disciplines,
games have been used, to teach students a vargipjects ranging from training a soldier the
Arabic language and culture, to teaching high stbtumlents the events that led up to the
American Revolution (Johnson, et al 2007; JenkB®62. In computer science, most
instructional research with games involves studbunilsling video games, providing an
integrative experience that uses a wide range mjpeting skills along with professional and
soft skills (Bayliss, Stout, 2006; Parberry et24l05; Becker, 2001). Our Game2Learn project
extends this approach, involving computing studentseating educational games that are in
turn used for teaching younger computing studeBasr{es 2007).

1.2 Prior research

Game2Learn is an innovative project designeduerbege the benefits of video games

to create enjoyable, “playable” programming assignts. Our prior results from the

Game2Learn project and our research demonstraenthasiasm students have for playing



games to learn computer science concepts as opfmsaditional homework assignments,
and suggests some new ways that we can improvegsuls, such as providing immediate
feedback, and tying game outcomes to learning ougsaBarnes, 2007). In the next section,
we present the findings from other researchers éve asked their students to create games as
course projects and from researchers who haveett@agtructional games, along with a
critical review of both.
1.2.1 Video Games as Course Work

Inside the field of computer science, researchmdeveraging the inherent fun of
games to motivate their students to doing betténair classrooms. Professor Katrin Becker in
the Department of Computer Science at the UniweddiCalgary presents her solution of
having the students program games to leaifeeching with Games: The Minesweeper and
Asteroids Experienceln her CS1 class, Becker assigned her studermsgiement the game
Minesweeper and assigned her CS2 class to impleAstetoids, both using simple ASCII
graphics. Instead of using a standard inheritanogramming assignment, students
programmed the games and, because of the immeudhdteisible nature of the objects (the
asteroids and spaceship), the students were lbéleto grasp the idea of object inheritance.
Not only did the students enjoy the chance to vaorla game, they were inspired to work
harder and longer than on a regular programminig@®&nt, going beyond what the actual
assignment called for. They also, through worchofith, spread their enthusiasm to other
students in other classes and new students, haeiagl the glowing reports, come to class
already excited about what they get to do this séenéBecker 2001).

Since Becker’s report did not present any emgdidega on her findings. or details

about the assignments, we don’t know what aspeatierthe game assignments appealing, or



how much students learned by making them. In oukww@ record all aspects of the game
assignment and log student behavior in the gamigcgmaent, giving us opportunities to learn
in more detail what is most effective both for ldag and for motivation in games.

Games as a “Flavor” of CShby Jessica Bayliss and Sean Strout from the Roshest
Institute of Technology presents The Reality anojPamming Together (RAPT) program,
which is a three course programming sequence gayeomputer science concepts using video
games. The CS1 course, the first of the three,atas-week summer distance course in which
the students were expected to learn the materiti@nown and program their games in a
team setting. After taking the course, the stuglergre given a placement exam and, out of the
thirty-seven students, only three failed the plagenexams, which put their failure rate at
approximately eight percent. Bayliss and Strosib @glave the students qualitative
guestionnaires, to assess the students’ feelinmst dfbe course. In particular, they asked the
students about their feelings of intimidation blgetstudents and found that, by the end of the
course, the number of students reporting intimaafrom their peers dropped after taking the
course as shown in Table 1. These results suggest may be normal to perceive

Table 1: Student Perception of Intimidation by Pees

Always | Frequently Sometimes
CS1 (n=369) 7% 15% 23%
RAPT Survey Week 4 (n=33) 0% 3% 30%
RAPT Survey Week 10 (n=21) 0% 5% 19%

intimidation sometimes in a class, but working wgimes can help reduce the perception of
continual intimidation that can occur in introdust@ourses (Bayliss, Stout, 2006). Finally,

Bayliss and Strout presented several ways that gaarebe easily integrated into computer



science courses; for example, to teach expressaitthsole-playing games (RPGs), iterations
with game loops, and arrays from 2D grid based ga@@01).

A strength of this research is that Bayliss arrdtgathered a significant amount of
empirical data during the RAPT program. They wadrke to show an improvement in the
programming skills of their students as well assséning of the intimidation factor between
peers, addressing two main concerns of profeseaching introductory classes. They also
presented a clear list of concepts that can bentaug gameplay. However, the paper did not
adequately describe the game assignments andsihiéng student products so that others
could adopt them. BEMentalis a way for us to share our work in game-basedatibn so that
others can try it in their classrooms. It woulditeresting to see what kind of games the
RAPT students produced, especially because theyeshsignificant learning gains in taking
the RAPT course. This would help the research conity better understand the impact of
games on learning.

Dr. Randolph M. Jones from the Computer Sciengealtenent at Colby College
presented his work on a capstone game cour®esign and Implementation of Computer
Games: A Capstone Course for Undergraduate Com&aemnce Educatioduring the winter
1999 semester. In the paper, Dr. Jones discusseasotivations for the capstone course,
presenting several arguments to include studenivatmin, software engineering exposure, and
games as object oriented environments. With a sdraeextensive list of the topics covered
in the course, Dr. Jones planned the capstoneetaiver the software life cycle — from
creation of the idea through the final round ofitesthe software for bugs. In the class,
students were required to review commercial videmes, conceptualize their own games,

build a new game on top of preexisting game codeeldp a game from prototype code, and



finally create their own game as a working protetyjstudents were allowed to work in teams
and there were seven prototypes turned in at thegthe class, to include a 3D racing game,
Blackjack, and a role-playing game (RPG). Dr. aihen presents his ideas on how to make
the capstone course better (start the final praojeath earlier in the semester and maybe have
less homework during) and encourages Colby Coliegentinue the course (2000).

Dr. Jones’s paper establishes several reasonsawhgstone game programming course
can motivate students and provides good ideas liat topics should be taught. However, the
paper does not include an evaluation of the appréracn the student’s perspective nor does
the paper present findings on how effective thesclaas at teaching computer science to the
students. Further research is necessary to eeghmastudent’s perspective on the value of the
capstone course as well as how effective the @lass In our research, we collect data to
measure both computer science learning and atsitude

Experience with an Industry-Driven Capstone Counsé&same Programminigy lan
Parberry, et al, discusses a capstone game progngneourse offered at the University of
North Texas. Parberry, et al, motivate the paptr what game companies want students to
know upon graduation, as “fresh outs”: working arge team projects, nontrivial game
creation, knowledge of the industry, and the proadeitity to learn without supervision (2005).
Parberry argues that a good capstone game prograpuoiurse should 1) include a team
project where all the students are responsiblereating the game, 2) have students program
in the same tools and languages that are prevalé@mdustry (to wit, C++ and DirectX or
OpenGL), and 3) require students to make their game engines instead of using some of the
freely available ones. Parberry’s capstone cosrizught in parallel with an art course so that

the programmers have art assets available to tbethdir games. Students form their own



groups and choose their own games without conssr&riom the professors (other than making
sure the students can finish the ambitious projectd, at the end of the semester, the games
can be entered into a contest judged by industifepsionals. They argue for the course’s
popularity: the course has high enrollments, mégter advanced graduates have taken the
game capstone course, and, in a 2003 survey ofclademen, approximately half the students
polled planned to take game programming (Parbetrsl, 2005).

Having the students work on a large game projétt thhe same tools that they would
be using in industry is invaluable experience. sTéxXperience report provides more evidence
that games are good for recruiting students, anelsgnstructors ideas for how to create a
games course. However, capstone courses alonet@olae the problem of retention in
computer science; game approaches could be ad@aptiedt and second year courses, and in
all game approaches, more emphasis is needed tratng what and to what extent
computing concepts were learned.

1.2.2 Educational Games

The work discussed so far involves effects of stiisl programming games; in this
section, we discuss learning gamesEimering the Educational Arcadelenry Jenkins, et al,
discussRevolution a game created to teach history. Based on B&waleverwinter Nights
engine, the MIT - University of Wisconsin Partnepsbonstructed this massive multiplayer
online role-playing game (MMORPG) to teach the ¢svdeading up to the American
Revolution. Students role-play their characterhwther students as well as non-player
characters (NPCs), learning the social, econontasscrace, and gender issues of the time, not
from an epic story perspective, but from a day-#y;daeal life perspective. This should help

students relate to the people of the time, andzee#the similarities and differences in peoples’



lives then and now (Jenkins, et al. 2003).

At the time of this paper, the MIT — University Wfisconsin Partnership was building
the game, having completed a good portion of theatk and some of the storylines needed
for gameplay. The planned game was based on suwhtional theories of making learning
concrete and personally relevant, but we were @ntablind any studies of the game that show
its effects on students learning history.

In Experience with Serious Games for Learning Foréignguages and Cultuy&V.
Lewis Johnson, et al, from the University of Caiifia, Irvine, present$actical Iraqi, a
software course that teaches language learningrnveducational video game, that is, perhaps,
the best-known military game to date (2007). BaonlttheUnreal Tournament 200§ame
engine,Tactical Iraqiis currently used by the military to train soldién speaking and
understanding the Arabic languages, as well ahitegthe cultural nuances of the area.
Soldiers play the game using preset scenariodeaaict with various artificial intelligence
agents that are based on real life Iragi perseeslitThe military is conducting studies to
measure the effectiveness of the game, and has&dglbuilt improvements for the game
based on input from native speakers.

There were two major studies reported from 2 déffie Marine Corps units playing
Tactical Iraqi; the 2/7 and the 3/7 (Battalion/Regimenihe 2/7 received classroom
instruction and 2 hours @factical Iragia day while the 3/7 took 2 hoursBéctical Iraqiper
week. After the training, the two units did anirirag exercise that tasked them to interact with
Iraqi role players and the 2/7 did better than aiimgr Marine unit who took the Mojave Viper
training exercise. The 3/7 unit was actually daddand limited in their interactions with

Tactical Iragiand, after running studies, it was shown that tiogig that used the entire game
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had more learning gains than those with limitedeasqJohnson, et al, 2007). Further research
is necessary, perhaps they could add a contropgimtest the effectiveness of traditional
language and culture learning and also use a maetitative approach to the data gathering.

Logo is a visual programming language created &y, Barenak, and Newman, a
research firm in 1967, and is very similar to LI®Bt without the parenthesis), where students
direct a “turtle” using commands. MComparison of the Effects of LOGO Use and Teacher
Directed Problem-Solving Instruction on the Probi8wlving Skills, Achievement, and
Attitudes of Low, Average, and High Achieving Juilgh School LearnetsDavid Dalton
compares the effects of using Logo compared tolpnolsolving instruction with a teacher to
normal mathematics instruction. In this papers@idents in 7 grade mathematics were
randomly assigned to either work with Logo (Grouyp work with a teacher (Group B), or
receive normal mathematic instruction (Group Che Ftudents were then given several
standardized tests (the Comprehensive Test of Bglis, the Program Criterion Reference
Test, and the Test of Non-Routine Problem-SolvikiJs$ to name a few). The results from
the tests indicated that there were no signifib@atning gains in basic skills achievements
from either Group A or B to Group C (the controbgp). Interestingly, Group B did score
significantly higher than the other two groups oalgpem solving and Group A showed
significant motivation (Dalton, 1986).

From this study, Dalton has shown the value afigitiogo in a classroom setting but
does warn that the effective learning from Logo maitransfer out into a more traditional
setting. However, it is interesting to note thed students who learned the most liked Logo
better than the teacher instruction and even tholiglpaper only shows that students’

motivation improved by using Logo and not so muwairttest scores, it is interesting to note
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that even the smart students really liked LogogwEler, Logo is a visual programming
language that is used in place of, or in additmriraditional teaching methods and not a video
game that teaches students programming. It isawkrhow well learning with Logo, or a
visual programming language, transfers to leartongrogram in a standard environment.

InProgramming by choice: urban youth learning programg with Scratchby
Maloney, J. H., et al, presents their findingausimg Scratch, a visual programming language,
with urban youths. Scratch was created at the igachinstitute of Technology (MIT) by the
Lifelong Kindergarten Group in collaboration witftQUA and leverages the idea of the Logo
system as discussed earlier to teach studentsdiprogram in a visual learning environment.
During an 18-month period, 536 projects were ctdleédrom the Computer Clubhouse patrons
(Latino and African American youths, aged 8-18) wiere allowed free access to the Scratch
system. Out of the 536 Scratch creations, 425 agstbm scripts the youths built themselves,
with some advanced programming concepts being (seepgliential execution, threading, user
interaction, conditionals, etc.) in many of thegmams as well. From following the students
for 18 months, they noticed increased gains in 8aologic, variables, and random numbers,
to name a few. Maloney, et al, also asked thatydom students several qualitative questions
and the biggest surprise was their finding thair tsteidents did not realize they were
programming at all with Scratch. As they had léérscratch to a notepad, it is rather
unsurprising that they would not quite realize wihaly are doing with the program (Maloney,
et al 2008).

It is very interesting to note that the student®wsed the Scratch program did not
recognize that they were programming a computenriacertain commands and logic in the

Scratch environment. However, with the lack ofhaf training of the students, it is not that
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surprising — if they have not been told that Sd¢ratitows them to write programs, it does not
follow that they would guess that is what they d@oeng. The students really seemed to enjoy
using Scratch, as did the adult supervisors, aedyene seemed to learn something by it.
However, like Logo, Scratch it is a visual programgrenvironment, which allows for free
play with the system. It is difficult in such anronment to control or measure what learning
occurs, and while it may be appropriate for illaittg concepts in the beginning of a college
course in computer science, students will needdml more advanced concepts and techniques
not available in Scratch, and with non-visual laagges. It is also unknown whether or not the
students who use Scratch are more likely to emterpuiter science programs, and whether it
better prepares them for computing courses.

Using Alice 2.0 as a First Languagey Paul Mullins, et al, from the
Department of Computer Science at Slippery Rockvéhsity, discusses using Alice 2.0 in an
introductory computer programming course to tedueai oriented programming. Alice 2.0,
created at Carnegie Mellon University, allows shide¢o program using pull-down menus in a
3D environment, similar to the MUPPETS system.tdad of creating robots to battle in an
arena, however, Alice 2.0 is mostly a story tellgagne where students create the stories to be
played out. Mullins et al did a comparison studymeen students who used Alice 2.0 to
program and students who programmed in a moretiadl C++ programming environment.
In the study, retention rates seemed to be slighgler in classes using Alice, even if the
instructor changed to using Alice partway into seenester, than the more traditional classes.
The paper reports that students who took the cauese more likely to be able to feel like they
can solve problems than those who took traditiocoatrses (Mullins, et al. 2008).

The final paper in this literature revieMptivating OOP by Blowing Things Up: An
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Exercise in Cooperating and Competition in an lduotory Java Programming Courgy

Kevin Bierre, et al. from the Rochester Institut&echnology, is similar to Alice MUPPETS
stands for The Multi-User Programming Pedagog\Eianancing Traditional Study and is a
game that allows students to develop and intera@htwisible 3D objects in the game world.
Using Java, students can, in the game world, dyredit existing code, create new code,
compile and run their code and have their codeldfaekidirect in the form of compilation

errors or, in the case of the code being correatelthe changes appear in the 3D environment.
As a final team project, students code tanks infduekBrain modification to MUPPETS using
Java to attack or defend against other tanks friarstudent teams. Students are given
detailed instructions on how to program their taakd a sample tank’s code is provided to
them for comparison. The sample tank code, howéveeliberately designed to not do well

in the game, encouraging students to make theldatikr. The final for the class consisted of a
tournament between all the student team’s tankginD the final, there were several teams
that performed well, one team that, due to a gbri@lowed hack, demolished the

competition, and one team that did rather poory,mg spent all their time getting sound to
work in the game (Bierre, et al, 2006). After fimal, the students took a qualitative survey
asking how well they thought they did in the clabkgjr perception of learning from the class,
the amount of work required for the class, antiéf dut of class assignments assist in their
understanding of the subject and the results wamgared to a traditional class and a class that
used Robocode instead of MUPPETS (Nelson, 200BgrelTwere no statistical significance to
student’s perception of their grade, the amountark for the class, and if the assignments
helped them learn. For the second question, tltest’s perception of learning from

MUPPETS was significantly higher than of the ottven (Bierre, et al, 2006).
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While the paper presents the MUPPETS system WweéhirankBrain modification in a
very concise and educational manner, the studherlass was based on a post class survey
on a Likert scale (qualitative data). The papeysdaot present any quantitative research from
the class. Further research is therefore necessagtermine the effectiveness and the
learning gains from having the students createdue for the tanks. It would also be
extremely interesting to see the students’ log ttata the game as that could help tailor new
games to better enhance the learning possible dreating the tanks.

Based on results from Logo and Scratch, thergiteeace suggesting that using visual
programming languages are helpful in learning howrbgram (or to think in a logical
problem solving manner). With Alice and MUPPETI®re is evidence that using game-like
environments for learning to program can be helffulntroductory students. However, in all
of these and prior games built at UNC Charlottagents are still using different methods for
coding in these environments than they would seetraditional integrated development
environment (IDE) or, as in their early classroomeziences, notepad and a Console.. The
extent of knowledge transfer from these tools traditional programming environments is
unknown at this time. With games such asMeatal we hope to incorporate some of the
benefits of game programming into early computiogrees, while ensuring a realistic
development experience.

1.3 Goals and Hypothesis

Ourgoalis to support learning and improve student atétucegarding computer
science education through a well-designed immeresiperience that enablegeractive
visualization while supportingnaximal skill transfer. This requires that the main game

mechanic be a direct, concrete, and interactivepinetr for the concept being taught, and that
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students realistically construct programs insideegame itself, without leaving the game
window and disrupting game play (Barnes 2007).d&mnis who develop such games will also
become better computer scientists, benefiting filoendea that “you learn best what you
teach,” however; we are not testing that theoris thesis.

Ourhypothesisis that EléMentat The Recurrence will improve student learning @bou
recursion and depth-first search. We also hypathdhat students who play the game will
have goositive attitude toward playing such games for homework as opptséaditional
assignments. We believe these results will bedbarehe success of providing meaningful

challenges and an effective interactive metaphotrée traversal.
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2. PRIOR GAME2LEARN RESEARCH AND PROTOTYPES

The Game2Learn group formed in spring 2005 toteraggame for learning computer
science. At first, we worked with 3D GameStudigiaane development system by Conitec
Datasystems, Inc. to create a game to teach swd@ganography, the practice of concealing
and extracting secret messages within an ordimaagé or message. In this particular game,
players were UNC Charlotte students charged wittodieg messages hidden in images
created by a kidnapped artist. Figure 1 and Figuwkow two of the levels that | created for
this project, the player’'s dorm room and the cydaé where the students would play most of

the game.

Figure 1: Dorm Room Figure 2: Cyber Café

Using 3D GameStudio was challenging, since theish@ntation was primarily in
German, and our team was not very familiar with el@hd level creation. Ultimately, we
determined that parsing student code through DL&s mot practical in GameStudio since the
game engine redefined several standard eleme@s-gfsuch as strings and file manipulation.

After determining that the functionality we needeas impractical using 3D
GameStudio, we began building a game prototypenireél Tournament (UT) 2004, produced
by Epic Games and Digital Extremes. With our eagithange, we also redesigned the game

into an expanded massively multi-player online 4uleying game (MMORPG), now called
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StormHaven, to remove it from the confines of thadern era and specific places that needed
to be painstakingly modeled as modeling an imagip&ace in easier than modeling something
in the real world. We decided to make the gamBIBORPG for several reasons — 1) we
wanted to turn the game into a collaborative leggr@xperience, 2) we wanted to harness
several important aspects of MMORPGs such as inugdbmmunications for the users, and 3)
the ability to have ‘instances’ of quests so wel@ddwild the game and add ‘instances’ when
they were completed. Level creation was considgrmrdmsier in UT than in 3D GameStudio,
and importing models from other tools, such thekshlape models shown in Figure 3 and

Figure 4 was faster.

Figure 3: The Temple Figure 4: Ceiling of the Temple

In this version, | was responsible for the creatiesign of the game, some of the level
design, and for the artwork and 3D modeling oflib#dings in the levels as well as some
research on integration of a compiler into the gamkhough some issues were easier, new
problems arose from using a first person shootetjfplatform to create a third person role-
playing game (RPG), since support was not providedhultiple interaction styles and diverse
graphical user interfaces. We again attemptedlda students to write programs during the
game, and have them compiled through DLLs. Howewé could not be achieved within

windows in the game environment using standardraragiing languages, and would only be
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well-integrated using UnrealScript, which is thegmietary strongly typed object oriented
programming language (similar to Java and C++) thiatises. Eventually, we realized that
the project’s scope was simply too ambitious fgr@up of students, no matter how dedicated
to the idea and the project they were.
2.1 Summer Prototypes

In the summer of 2006, Dr. Barnes narrowed thadaf the Game2Learn project to
provide achievable goals within 10 weeks time, escdbed in (Barnes 2007). | worked with
five other summer research students supportedghrthe UNC Charlotte Computing
Research Experience for Undergraduates (REU) &igram and the CRA-DMP students.
Our two teams of three prototyped the games Savarg and StormHaven2: The Catacombs.
Saving Sera, which | did not work on, is a 2D RR@tln Enterbrain’sRPGMakerand was
designed to teach students many aspects of comguiégrce, to include for loops and
recursion. Playing Arshes, a young hero, studenist rescue Princess Sera from an evil
wizard. Players earn money and reputation by sglebde puzzles in the game, including
debugging code for a for loop through interactiia@atue (as shown in Figure 5), rearranging
scrambled code, and dragging pieces of a recuadgeithm into correct places in a flow

chart.
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Jorx=0; x<=2; x+t)
{

Sfor(y =0; y <=6; y++)
{

drop_egg(x, y);

em in the script.

Not that I can see

Figure 5: Saving Sera's Egg Drop Quest

The Catacombs, created on the Neverwinter Niglatéopm using the Aurora toolset, is
a 3D RPG where the students create code througggd@trees with a linear storyline. The
object of the game is to rescue two children wheehgotten lost in the Catacombs. First the
students must break into the Catacombs by codimested if statement to open the lock.
Second, the students must create code to buil@tigebacross a chasm, using nested for loops.
Finally, the students have to solve a cryptogramgusested for loops to open the door at the
end of the Catacombs. Originally, we made twoivessof The Catacombs — Grimore and
Konijn. The Grimore version uses dialogue from pkeyer’'s sarcastic spellbook and a
dialogue tree to create the code. Konijn usesimiefaces — students had to select the correct

‘spell’ (code) on a scroll to open the initial das shown in Figure 6 and then used gemstones
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(code snippets) to construct the proper spell (coddter our first run of playtesting and the
first study, we decided to drop the Konijn versairthe game as students had issues with the
interface of using the gemstones to create the.cbdethis game, | was responsible for
creating the first game challenge in each versidhe@game. This included creating the
programming challenge, character interactions,daaldgue. | was also responsible for the
main story idea of the game as well as the leaN@rerwinter Nights development, having

researched the NWN engine extensively the pre\seusester.

Scroll of Unlock Door

class openDwoor
[ ]
]

public static void main(String[] args)

cl : i
‘l if (doorBar == on)
!

doorBar = off;
if (doorLock == on)
5
doorLock - off;
i
i

else if (doorLock == on)

i
L]

doorLock = off;

t/iclose class

Figure 6: Unlock the Door Scroll

We conducted two studies done on Saving Sera hadCatacombs in Fall 2006. In
our first study, we recruited participants who haken at least one introductory Computer

Science course to determine whether they felt #megg would be helpful. Participants took a
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demographic survey and a pretest, played Saving fSetwenty minutes, played a version of
The Catacombs for twenty minutes, and took a pststt&ll interactions were videotaped and
we recorded the time stamped logs for each playBieverwinter Nights. While the
participants were enthusiastic about the ideaa&fipy video games for homework, they
expressed reservations about the seriousnesssaf ¢faenes for homework. In addition, we
noticed that most players did not read the ganteucisons, and we have since learned to
incorporate all needed instructions into the gatselfiwhenever possible.

Based on this feedback, we decided that our gavoakl be taken more seriously as
homework if the learning tasks were given bettedfemck and were more integrated with the
game score, as explained by Barnes, et &ame2Learn: Improving the engagement and
motivation of CS1 student§Ve built a ranking system into Saving Sera —ilager starts at
rank seven (the worst) and can decrease to oné€gigby a combination of correct code and
time spent on the game. The better the studesm&, the more assistance the NPCs will
render in the game (not in the code), allowinggtuglents to purchase better weaponry and
supplies. In The Catacombs, we added experienogsgor correct answers, with more points
for fewer incorrect tries. Since experience poaustrol the level of the PC (player character)
in NWN, if the students play the game flawlessheyt will ‘level up’ at the end of the game. If
the students provide too many incorrect answerd single challenge, they turn into a chicken
for a brief interval. | also added two cut-scerm® at the beginning that informed the students
of the basic plot outline, and one at the end twmstine students’ performance. We found that,
after our changes, students did learn with the gaane take them more seriously (Barnes,

2008).
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2.2 Fall Prototypes

During Fall 2007 semester, the Game2Learn tearaldesd two games called
StormHaven3: The Tournament and Squee. We tastse games for learning about functions
and parameter passing in an introductory compuiense course (ITCS1214) taught by Dr.
Tiffany Barnes offered at UNC Charlotte. StormHa®eThe Tournament, built on the NWN
platform, had a very different concept than anyhefother Game2Learn games thus far.
Instead of having a concept that students needednstruct code for, we attempted to instruct
the students on the concepts and differencessd by referencandpass by valueAs the
creative designer, | came up with the basic plahefgame - the student plays a fighter who
must defeat the evil overload in the Tournameniceélagain, we split the project into three
distinct areas and | was responsible for all ofdbeing, the dialogue, and the character
interactions in the first level, to include cutseameation. The students first enter the
Tournament, using a copy of their signet ring tal ee paperworkpass by valug get to the
Tournament (answering multiple questions aboutmatar passing along the way), and fight
the evil overload, either as themselvpads by refereng®r by a copygass by value
Without having specific code in mind, this gamenigre of an interactive lecture with

metaphors explaining the coding concepts, as shiywhe dialogue in Figure 7.
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1. So that the wizard can summon as many of that creature as he
or =he needs [0 serve, without worrying about meszing up the
ariginal.

2. Thiz izn't important at all.. In fact, wwhy swould you ever do ity

Figure 7: Dialogue from The Tournament

For the first quest, the player may gain up tesperience points per correct answer for
a total of 100 points, the second is 150 pointscperect answer for a total of 450, and the final
guest is worth 250 points per correct answer fita of 500 points. The point system was
designed to insure that the player would levelrugerms of the Neverwinter Nights rules and
allow the player to gain new skills and weapongyasavhich would be very important were we
to expand this prototype into a larger module. Game starts with a cut-scene to motivate the
game and ends with one of two different cutscetdesending on the outcome of the game.

The same time that we built The Tournament, Eweétl created Squee, a spin-off of
Saving Sera. Squee is a RPG developed with EaiaibiRPGMaker and the player plays a
character named Squeebo. In the game, the Squaebgs/en a quest to find a certain
squeebles (variables) to give to other Squeebosrtplete the desired program, thus
illustrating the usage, passing of, and scopingaofbles. In this game, students had a
primary mission, which was to program a “Will Wdde Food” sign, as shown in Figure 8.

Students had to find the squeeble that would aceptaracter
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Iy ie ]
to view your mission,

restart the mission in case you foobar it up, and

. show you an example of your desired output.

str;
"Will work for food™;

1 [fdisplay string

return 0;

Help this guy make a Homeless Been sign

Figure 8: Squee Mission

string as input and display the string on the smgyach the same as a “Hello World” program
does, except this time, we pass a variable intgptbgram. There were also several side
missions, which included helping other Squeebasutin common coding problems and
fighting Viruses, which students defeated by answeguestions about functions and
parameter passing. By the end of the game, thyepleas expected to be able to: build
programs divided into functions, describe the floivexecution in a program with multiple
functions, and describe what is meant by the pHiss®pe of variable." Wrong answers given
in the game cost the students money, motivatingy tfeethink carefully about their answers.
This game differs from the other Game2LEearn gdmeesuse students work directly with
code. If the student succeeds at making the ddiwaction call at the correct location in code,
the game ends. If they fail, the game indicatas ttey made an error, but does not indicate
the type error type (Barnes 2008).

In the study, participants signed an informed eoh$orm, took a demographic survey
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and a pretest of function-related computing corgsggayed about 20 minutes of both games
took a posttest, and took a survey about theirmapee. The demographic survey includes
information on the participant’s race, gender, yaachool, major, and gaming habits. The
posttest is similar to the pretest, but with thesjions rearranged, and the numbers and
variable names changed in each question (so tbgtaite isomorphs but not direct copies).
Each session took about one hour. We conductee-dqposttest comparison for students
taking both tests (N=23), and the average scoresafth question on these tests is shown in
Table 9. Posttest scores are significantly highes 0.8696, SD = 0.1186) than the pretest
scores (M =0.6522, SD = 0.2372; t(22) = 2.472,.p5).

Table 2: Average Scores Per Question Pretest to Rtest

Queston1 2 3 4 5 6162 63 7172 738 9 10.1 10.2

Pretest 57.14 32 57 .71 25 25 25 54 61 54 35 57 .14 .32

Posttest .56.2 .28 .52 .88 .24 .28 .28 .88 .88 .76 .44 .28 .08 .36

Once the students completed playing the gamesh&ngre and posttest, we also gave
them a final survey to determine their enjoymenele as well as what they thought about the
games. Since there were two games in this studyompared the results of the survey for the

separate games as shown in Table 3.



Table 3: Qualitative Responses Tournament vs. Squee

Qualitative Answers Tournament | Squee
| enjoyed playing 3.04 2.8
This was an easy game to play. 3.52 3.4
Sometimes | was unsure of what | was supposed to tie 3.48 3.36
game.

At first, the game was hard, but it was easy dftgt the hang| 3.28 2.8

of it.

| liked creating code in the game. 3.24 3.04
Overall, this game was helpful in learning compusi@ence. 3.32 3
Overall, the game had a good balance between "plag" 3.6 3.36
"quest” time.

I would like to play more quests like these. 2.96 .82

| was motivated to try hard to answer questionsextly in the| 3.24 3.04
game.

Sometimes | missed questions on purpose to seewdhud 2.44 2.24
happen.

| guessed at the answers for most of the questions. 2.84 2.64

26

The survey responses for the two games were sitgrising to us. Considering the

Tournament is a 3D game built on NWN and that nebstur students are casual gamers at

best, it was surprising that they liked it a littletter than Squee, which is a 2D RPG. Some of

our students, however, were very unreceptive t@#me and the idea of playing games for

homework. About 60% of the students in this surdiglysay that they would prefer playing

games to the more traditional forms of homeworklevbnly 44% thought that the games were

not serious enough for homework, an improvement eadier Game2Learn studies. When
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allowed to give their own comments, one of the stidl said, of The Tournament, “it was
informative, yet simultaneously slightly entertaigi” In reference to Squee, one of the
students said that she liked having, “conversatwitts the Non-players characters, and the
way programming was presented in it.” While tlsi:iot an in depth discussion of the study,
we are planning on running the study again in #leaihd publishing our results in a later
paper.
2.3 Spring Prototype

In Fall 2007, Michael Eagle built Wu's Castle aR® developed with Enterbrain’s
RPGMaker. As presentedWiu's Castle: Teaching Arrays and Loops in a Gayndlike
Eagle and Tiffany Barnes, Wu's Castle teaches stsdbe concepts of for loops and arrays in
a highly visual and interactive manner (2008). rigsk magical fairy and their own
programming abilities, students program snowmeaxist, have hats, and arms, etc, by

changing the numbers in for loops (Figure 9).

® Wu's Castle E”Elgl

Use a Nested For Loop to edit the array and make 40 snow men.

S_array[i][j] = SnowHat;

S_array[i][j] = Destroy;

Figure 9: Wu's Castle For Loops
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As the for loops modify arrays of snowmen, the stid can watch as the for loops
control which snowmen get built, or get arms oshptoviding an interactive and concrete
visualization of how an array is modified with @ifént loop controls. In the second level, the
students walk their player character through anagtested for loop while the code is step
through for them on the side. Once the game wasldged, Michael ran the study as extra
credit in ITCS 1214. Students were given a denyagcasurvey, a pretest, played the game for
up to an hour, a posttest, and a final quantitegtiveey at the end. Unlike the other
Game2Learn games, students could play anywhereatheied to as the game is an online
deliverable, which many students seemed to appesciehe game has shown positive learning
gains in this and later studies with introductooynputing students and has been included in
our introductory class as a standard laboratorgasgent.

Out of all of these Game2Learn games, howeverstiments never really had to do
anything more strenuous than change variablesefdgfined loops, attach the correct variable
to the pre-defined program, or be able to read .cdttme of the games required, or even had
the ability, to allow the students to write actoatle in the game. None of the games had the
ability to run the students’ code upon being wnitte’hich is one of our stated Game2Learn
goals. This thesis, therefore, is dedicated todba that having students write actual code (in
this case, C# code) which they can compile andrrine game world would be the ideal
interface to teach programming in a game environm&he ability to code in the game
addresses the concerns that the games are naiseriough for homework, that the students
are not writing actual code, and that they arewrding code the same as they would be

writing it in the real world.
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3. ELBMENTAL THE RECURRENCE - GAME DESIGN

Designing educational games requires a differesuddhan general game design;
otherwise, we may fall into the trap of designing fjames that have no learning value. As
discussed ilsame2Learn: Building CS1 Learning Games for Reberiiy Barnes, et al, it is
best for game designers to first select the targetept for teaching (2007). With the concept
firmly in mind, the designers then design the ctiwdy want the students to produce. Only
after the concept and the target code are desidméloe designers begin to develop a game that
wraps the concept and the code in a game mecHwatievbrks as a metaphor for the entire
game as well as the coding concept. This methggiadonstrains the game designs and game
engine choice to best match the targeted compuatingept and metaphor.

After the overall game concept is defined, thegtess then tailor the game
instructions to support the students in writingeaahd learning concepts. Game instructions
include both how to play and write in-game codevelt as educational instruction about the
game content. Scaffolding code, i.e. pre-writtedecprovided to help students get started, is
designed at this point as well, although we trirtot the overall amount provided to reduce
complexity for introductory students. For exampte,a complex method that students should
use but do not yet need to understand, we provateractly formatted method call. In
EleMental we have also used scaffolding code to explairdifierences in languages,
particularly in relating C# to C++ and Java. Fareinformation on how to write scaffolding
code for student use, we suggeagaging Students in Advanced Computer Scienceaidac
Using Game Segmertig Dr. Michael Youngbloodwhich describes how to make game
segments for student§&ame segments are complete games with some pthe obde

removed for the students to fill in, but allow ttedents to do more than required for an
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assignment, especially by making their game lodfleint or have slight differences from
others.
3.1 DarkWynter Code Design

We used this Game2Learn methodology to desighl&¢at The Recurrence to teach
recursion. Our previous games focused on teacghtngpuctory concepts; here we wanted to
provide a learning game for more advanced computingents with more advanced topics,
combined with the capability to write, compile, ameh a program within the game
environment. There are several reasons that |éol select recursion as the concept for our
game: it allowed us to use more complicated datetsires (in this case, a binary tree), it
enforced the need to create the game in a 3D emaeat, and the DarkWynter engine allows
for real time terrain modification (a player caranlye the terrain in the game world, adding
hills or making valleys, etc in real time), whiclewould easily adapt for multiple game ideas.
In designing the code for the game, we went thraeyteral derivations of recursion, to
include population growth, Hanoi towers, bridgelthnig, and merge sort, before settling on
depth first search (DFS) in a tree structure. Vdithobvious data structure (a tree), a standard
algorithm to code (DFS), and the majority of the@lementation needed for the gameplay built
into the engine (real time terrain modificationk wuickly were able to finalize the code we
wanted the students to produce.

The final step was to finalize the scaffolding eddat we were providing to the
students. Seeing as how we were integrating a ibenipto a video game that uses C#, not a
language taught in the lower programming courséf\dE Charlotte, we had to design the
code the student were going to write to be reltifree of C# quirks. To avoid teaching

students more about C# than was truly necessarwrote scaffolding code for all of the
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coding challenges the students faced (refer te-&bde Challenge 1, 8.2 — Code Challenge 2 ,
and 8.3 — Code Challenge 3). After we designedtia&olding code, we then had to come up
with a way to insure that the students would witite specific code that we wanted them to
write. This required a parsing method that wouldak both the students’ code and their
output to insure that their code matched what wetedhthem to produce. For more details on
all implementation, please refer to Section 3.eAftompleting the parsing sections, we then
turned our attention to the design of the game.
3.2 Game Design: Recursion

In the game, the students first take a brief gtatedetermine their understanding of
recursion. After finishing, the students work obasic “Hello World” coding exercise to get
used to the compiler interface and receive basicuontion in C# programming. After they
have completed the code challenge, they must sawebinary tree using depth first search,
playing as Ele, the confused college student (Eid@). At each leaf, there is a Thought for

the players to collect to motivate their trave(gagjure 11).

-

Figure 10: Ele Icon Figure 11: Thought Icon

Once the student picks up the Thought, the “GorBlPaiwer” message, as shown in Figure 12,

flashes to give students positive feedback.



32

Figure 12: Success Message

While traversing the tree, the player is accompaiy Cera Bellum, a mentor who
provides instruction along the way for recursiod &mary trees through dialogue such as that
in Figure 13. In level 2, students must correctide the traversal for the left side of DFS.
After their code is written, Ele (shown in Figur@) lwalks through the tree using the student
code while Cera explains what the code is doing $condary set of recursive instructions).
In level 3, students code both the right and I&fS0or the binary tree and navigate Ele
through the binary tree using the keyboard and moU#is time, a visualization is provided
for the stack calls the recursive algorithm mak@s.ce the player finishes the game, they take

the final survey to complete their journey.
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Cera

That Thought increased your sanity!l
Maybe if we collect all your Thoughts we can
restore all the sanity you've lost while coding

and you will be able to return to your world!

Figure 13: Cera's Dialogue Box

3.3 Code Descriptions

Students write three programs in the game: “Héllarld”, finish an incomplete DFS,
and write a DFS with more of the code removed. hgaogram has scaffolding code provided
to the students as well as its own particular @tstructions that guide the student into
creating the code the way we want them to.

In the “Hello World” puzzle, we explain to the dants how the interface works and
give them the brief overview of the plot - the stats are trapped in their own minds and they
have to code their way back to normality. We a&splain the only real difference between C#
and C++ or Java code that we are going to ask tbemmite, to wit, Console.WriteLine as
opposed to C++’s cout command or Java’s SystenP@uatln. Finally, we instruct them to
compile and run their code, as well as what tof dloeir code does not compile. Figure 14
shows the coding interface the students see asawdlie properly coded first mission, along
with the standard output for the code. The scdiifgj code for the Hello World puzzle is

shown in 8.1 — Code Challenge 1.
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! Compile Run Undock Refresh
Text Editor

using System;
class Test

{
public static void kMyFunction()

{
H Tell us who you are and your
i study 1D number.
string name = "Amanda";
Console WriteLine(name),

W Say Hello'to Cera
Console WriteLine("Hello Cera';

Compile Successiul
Amanda
Hello Cera

Figure 14: The Coding Interface

In the second puzzle, we provide the students thi scaffolding code to perform a
DFS on a tree. Unlike the “Hello World code”, tiisde is more complex since it performs a
DFS on an actual tree using a node system witleirgéme engine. Instead of having the
students write the entire program, we simply héneart write the traversal code for the left
node, which can be modeled after that for the righ® — Code Challenge 2 shows the code
provided.

In the final puzzle, we remove more of the codthanDFS that the students then have
to recode. We remove the if statement method@eaheck if node.returnLeft() and
node.returnRight() return a null value. We alsothe students to construct the code left out of

8.3 — Code Challenge 3 for the actual traversal.
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If, at any time during their coding, the studerdsnpile incorrect code, they receive the
compiler error message, including which line isoimect. This is the exact message that the
students would receive if they were using a stathtlaE or console compilation, if their
compiler parameters included verbose mode. Isthdents run code which compiles but has
incorrect output or if they did not replace the egdturnRight() calls with node.returnLeft(),
for example, they will receive a customized err@ssage telling them where to look in their
code to correct the error. One of the custom enessages a programmer can receive on the
third level, for example, isMake sure you've seip the if-statement for the first recursive call
correctly. You need to check if a right-child dgiforthe current nodé.Also, anytime a
student makes an error, either in the compilatiotihe execution of the code, the message

shown in Figure 15 appears in the game window.

Cera

Check the compiler's output box -
therefis something not quite sight with your code.

Figure 15: Game Error Message

Figure 16 shows the compiler message that the istueeeives in the output window of the
code interface, note that it shows the verbose emassage from the compiler. Using the error
messages, the students can figure out where thak®ssin their code are and correct them, the

same as they would in any IDE.
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|

Errors building using System;
class Test

{
public: static void hMyFunction)

{
#f Tell us who you are and your
ff study 1D number.
string name = "[enter name]";
Console WriteLine{name);

ff Say 'Hello'to Cera
Console WriteLine("[enter greeting]'

t

Finto ChDocuments and Settingstkatlatlocal Settings
Tempiaizbidks. dil

chiDocuments and SettingsikatlalLocal SettingsiTemp 2
Figure 16: Error Output Window

3.4 Quest Descriptions

After the student finishes the code portion inrelewel, they walk through the tree in
DFS order themselves or watch their programmedAificial intelligence) agent do so. In
the first level, the students walk through the @eeCera gives them instructions and hints on
how to walk through the tree. For example, Ceya siae following ‘Do you recognize what
we're doing? We are traveling to each of the &stlislands in a set order. Can you think of a
name for this type of traversal’A moment later, when the student reaches themme, Cera
says, ‘Yes! I've gotit! We are using a depth-first eesal. For this traversal we travel as far
down each branch as possibl@he letter stored at each node is shown initiseerson
view, while a mini-map as shown in Figure HUD Mini Map displays only the tree structure

and the student’s progress, indicated by the wimiés connecting the nodes.
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/

Figure 17: HUD Mini Map

In the second level, after the students writedeftion of the DFS, they watch their
programmed Al traverse the tree from an overhead .viAs the traversal proceeds, dialogue is
shown explaining how recursive calls are made ttectlthe character. 8.2 — Code Challenge 2
— Scaffolding Code shows the code provided andeTéltilas a sample dialogue from Cera for
this level.

Table 4: Level 2 DFS Instructional Dialogue

- “As the code runs, DepthFirstSearch() is calledtiple times. The call is madyf
repeatedly until it returns a value!"

D

- "Because the previous node returned a value, tbedft can proceed.”

- "The Thought has received values for two leaveswNt can make its way back
by passing these returned values to the previdig'ca

In the final quest, we ask the students to travéitsdree once again, however, this
time; we added a stack metaphor and the telephetapimor to the game. Cera explains to the
student how recursive calls to DFS are pushed ti@stack when the student visits that node

and are popped off when the student returns framtde. The stack is shown visually as in
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Figure 18. As the student visit the nodes in the,twe add or pop off the stack image
appropriate to the scenario, for example, we wauld F onto the stack in the first step of

Figure 18 and add M in the second step.

Figure 18: Visualization of a DFS stack showing e&cnode

Table 5 shows sample dialogue from the telephortapher we use in the game. We
use the idea that the students are calling onénantdr assistance with their code and each
student has to call another student until someengirs with an answer. Then, each student
returns answers to the person who first called th&he third level dialogue consists of
students calling one another, all the way throdnghQFS algorithm, starting with A, going

down to O, and returning to A once completed.
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Table 5: Level 3 Telephone Call Metaphor Sample

- "Think of recursion like this: You need help witbur programming homewor
so you call Bobby (B), but Bobby is confused too."

- "Bobby calls up his friend Eric (E) to see if hendzelp out, but Eric is kind of
dumb. Still, Eric has friends and he calls Jaspmo(dsk him for help."

- "Now, Jason returns a response to Eric and theéadhson pops off."

- "Jason is out of the picture now, but Eric likesdbosure of things so he makgs
another call."

N\

- "Eric calls Katie. Katie’s answer returns to Ericdeher call pops.”

- "Now Eric has no calls left to make and can reBobby's call with a response|’

- "Now Bobby's call is completed and he can returmakie to you. For the
purposes of this example your name is Amanda antleyawesome."

- "So now, '"Amanda’ your calls have returned a vidugou and have popped off.
You can continue your calls by calling Cody(C)."
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4. ELBMENTAL THE RECURRENCE - IMPLEMENTATION

A little over two years ago, Microsoft released XNaAhobbyist game development
platform that uses C# and the .Net platform. XNlAves game designers to deploy their
games on the Xbox 360 by leveraging the managetimenenvironment designed by
Microsoft. XNA Game Studio Express, a free dowdldaarnesses the XNA framework into
Visual Studio 2005, allowing game developers thétalo use the Visual Studio integrated
development environment (IDE). In the spring o0020Dr, Michael Youngblood offered the
first formal capstone Game Design and Developmamdi& course at UNC Charlotte. In this
Studio class, the DarkWynter team formed, comprifddur Master’s students and one
undergraduate, and we created a three-dimensiosigbérson shooter (FPS) game engine.
The game engine is capable of real time in-ganmraitemodification, meaning that a player
could raise or lower the terrain at any point ia fame. While terrain modification was
originally performed with the controller, it wasanple modification to change the inputs from
the controller to preset locations, allowing brigddge be built in specified locations at specified
times. The main appeal of using the engine, howevas that, unlike using a game engine
such as Unreal Tournament or Neverwinter Nightsyweee familiar with every aspect of code
and could change any aspect of the engine if nesdedething lacking in both UT and NWN.
We could also add in Windows Forms (.Net framewsdaphical application programming
interface) as needed, change the heads up digil#y), and integrate a compiler into the
video game, while, at the same time, keeping thieetietry by the student separate from the
game’s update loop. For an overview of the archute of the engine, please refer to Figure
19. The blue boxes in the figure represent thiemtiht project dlls that work together to form a

single game and the purple boxes represent ther sygtems controlled by each top-level dll.
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We share information from the Application.dll tetEngine.dll with public static accessors.
GameObjects are all stored in the ObjectLibrarthenEngine and therefore information

passing is done via inheiritance and public slais.

EntryPoint (exe) Shell (in Engine dlIl) Content
| >l
[ Program.cs | » GameForm | | Models, Textures,
UCAD - "| Audio, Shaders
User Controlled
Assembly (XML) —m»{ Level/Object XML |
Definition
—m»{ GameEvent XML ]
Engine (dll)
. OnLevelChange
Application (dll) Delegate . Game (dlf)
Terrain : G Object
ohla Eelie] | Menu Controller | : I::Trraln . GameOb.ject
Game Object Control] ~ppjic Menu System | | i):ér(;., amc;eb. Jec
»[ Survey Control | Static Game Controller | : GameObject
»{ Instructions Control | < Object Library | User Defined
= Objects
User Defined = allllen |
Controls Renderer |
Heads up Display |
GameEvent Handler |
= Nuclex Game Control Engine Game —

A A |

Figure 19: DarkWynter Engine Component Diagram

4.1 Nuclex Game Control
When we first started this project, we added enforto the preexisting game window in
order to build an interface for the students tdevcode in. While this worked, it was not the
most optimal solution because the game window doeselease the mouse and keyboard
inputs to the Form easily. XNA Games run in a Véwd Form but the Form does not have the
standard functionality of a typical Windows ForM/e needed to be able to integrate multiple

Windows Forms together in order to create a gragbhiser interface (GUI) outside of both the
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game loop and the game window.

We found a workaround through a DLL for Nuclex gaoontrol, an open source XNA
modification (2007). Two of my DarkWynter colleaggiintegrated the Nuclex game control
DLL into the DarkWynter engine. The Nuclex gamatcol allows for multiple Form use in
XNA, instead of running the single Form in the XStandard package (2007). Nuclex works
by taking the XNA functionality out of the XNA ganméndow and adding that functionality as
a thread-safe UserControl. UserControls can bedtlwla Form or a Panel and, since they are
thread-safe, can allow for multiple usage and nggtNuclex 2007). The Nuclex game control
also overrides both the onPaint() method and tinéraller methods, allowing inputs into other
forms. Therefore, XNA can run in one Windows Fammle Windows Forms can be created
on the side and on the fly (2007). Access to thelék Control is done via static accessors (as
they are thread-safe) and Nuclex replaces the XaAgclass.

Since our goal was to allow for in-game coding theluded IntelliSense (Windows
Autocompletion, documentation, and disambiguatamid for programming) and also
separating typing from the game’s update loop, rayk/ynter colleagues used Nuclex to
create a separate code Form that still had visjbiito the engine’s code. One of our goals
was to include IntelliSense into the code windowxvlver, we were not able to integrate
IntelliSense before running the study. We wereatd¢ to integrate IntelliSense before
running the study but we plan to include it in thture.

4.2 Compiler Controls

The first proof of concept (POC) that we createthe compiler system. Programmers

can easily use the .Net CodeDom to build a compiterface, by compiling C# (or any other

.Net language) code and outputting the code cotignilat runtime (Microsoft Help, 2008).
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The CodeDom, or Code Document Object Model, creagsph (tree) representation of the
code and traverses the tree upon compilation. Bowheincludes a method called the
CSharpCodeProvider, which implements the ICodeClampirhe ICodeCompiler compiles
the provided CodeDom tree with the C# standardatibs, allowing us to compile code at
runtime (Microsoft Help, 2008). The CodeDom.Corapihcludes properties for compilation.
In our case, we set the CompilerParameters.Gemhavétenory option to allow the compiler to
run the compiled code from memory instead of hawngrite to and then execute an .exe file,
which is the other option (Microsoft Help, 2008)he reason we went with the memory option
instead of the .exe was to simplify the processftodents. Next, in order to allow students to
have access to actual game code, we had to set the
CompilerParameters.ReferencedAssemblies.Add()cdlade DLLs for parts of the engine we
wished to be accessible by students. These DLdlsde the DWEnNgine.dll and the
DWGame.dll, which gives the students access tohamytn either the Engine or the Game.
We did not allow access to the DWStream.dll simeg ts our Renderer DLL, which is very
complex, and not needed by the students for anythenwould ask them to do. Once the
students press the compile button in the GUI, tbmgilerControl calls the Compiler class in
the Engine (as shown in Figure 20), including asge&ts of the Engine or the Game that it
needs, to compile the students’ code. Compilen@breturns the compiler’s output and we
use the Console.SetOut method to print it in thpwu This allows students to read the exact

compiler messages, the same way that they wowddhiore traditional command line console.
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Checks student code against

Takes Student Code and pre-determined conditions,
compiles it into memory updates CurrentGameConditions
Compiler

Code Parser I
Returns with

compiler results $ Passes in Student Code

Y

CompilerControl

Loads Instructions
Creates Challenges(),

Inputs Code

XML
Lesson Content

Figure 20: Compiler Control Flow

4.3 Challenge Objects

Challenge objects represent educational activatrescontain all the aspects needed to
give students a coding challenge. Figure 21 aies how challenges are created and how
they interact with the game engine. Currentlyréhare three Challenge objects in the game,
created and controlled by the CompilerControl claaghe ChallengesAbstract class.
CompilerControl loads the Challenges via XML antbia list that the game uses to control
which Challenges the student is currently working dhere are three main methods in each
Challenge class — GetScaffolding, ValidateStuded&Cand RunVisualization. The
CompilerControl loads the selected Challenge froenlist and the GetScaffolding method in
each class provides the Compiler Form with thefslchhg code provided for each challenge
(refer to the appendices for code for each ofineet challenges). Once the students have
successfully compiled their code, they have tothencompiled code using the Run button on

the GUI.
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LLEESOJ:,MCLME“J Loads Lesson Content
foreach challenge

y

. CompilerControl : UserControl i i i
Compiles and i rv]lalt:ut;lallns list
runs student List =<ChallengeAbstract= Tr:cl?s?lﬂiﬁ,
code - LoadChallenges
- CompileCode challenge to
- RunCode use by level
GetScaffolding - #
Loads scaffolding hall Abstract
code ChallengesAbstract | p | Visualization -
_ - GetScaffolding Sets the SBE for
ValidateStudentCode - | _ validateStudentCode | the EventSystem
Checks for non - RunVisualization
compiler errors i

Challenge0 | |Challenge1 Challenge?2

Hello Waorld Broken DFS Incomplete DFS

Figure 21: Challenge Objects Flow

In the engine, running the code consists of runtiegactual compiled code from memory and
then passing the information to the ValidateStu@ede method in the Challenge classes. The
ValidateStudentCode method checks the studenttoodsure that their code matches the code
we want them to produce and checks the outputeo€dide to insure that it matches the output
of a correctly coded solution. The reason we hwithis method was because the Compiler
class will compile and execute any code that thdestts write in the game and, if the students
knew enough of the Engine (or encountered the ARIhe Internet); it would be relatively
simple for the students to crash the engine, lgogrecious data in the process. This method

also adds custom error messages to the loggindetishg us know where the students coded
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incorrectly, which we pass onto the students aessary to let them know that they have
coded the problem incorrectly for our standardfterdpassing the validation stage, the
Challenge calls the RunVisualization method. Tame is an artifact of our first design,
where this method was used to build the bridgesw,NRunVisualization sets the flag that the
Challenge is complete (allowing the Challenge tasbe advanced upon the next level load)
and updates the CurrentGameConditions (CGC) CGiaistatic board evaluator (SBE), or the
condition that the game is in at that precise sécaich is used to control the EventSystem.
4.4 Event System

The Event System is the controlling code for mattvhat occurs in the game. It was
initially created by my student mentees in “Wickdg Games” (Andrew Hicks, Marietta
College, and Katelyn Doran, UNC Charlotte) in thensner of 2008 for their REU work, and |
have since modified this system extensively. @ady, the DarkWynter engine was a FPS
engine and, but with the addition of the Event 8ystthe engine became vastly more flexible,
allowing RPG elements, such as character dialogderaerface (HUD) manipulations. Figure
22 illustrates how the Engine reads in XML for esmlel; this XML contains all the events for

a level.
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XML

e ContERE Loads and initializes

each GameEvent into
EVERt TErEUaHE v ~ a List of GameEvents

from the list GameEventHandler

Loops through the List,
checking CGC against
each event's conditions

g hJ
CurrentGame
Conditions

LAl

Engine runs specified code Static Board Evaluator
N B _____ ifchanged, call update

Engine ( Object golllslon
‘. Challenges .~

If event trigger matched,
fires event v

GameEvent I

Figure 22: Event System Flow

After loading all of the Events into a controllest and creating the CGC, the Event
System waits for changes to be made to the CGQGdafmlating the Event list. Originally, the
EventSystem’s update was controlled by the Enginptate cycle. However, we have
modified the engine so that when changes are neathe tCGC, these changes trigger an
update to the EventSystem. The CGC can be thamigi# a set of triggers. Each Event in the
game has a predetermined set of triggers in the;@@ah update, the EventSystem checks for
matches between the CGC and each Event’s triggedswhen they match, fires the Event.
Currently, there are three triggers being usedntte (the last node visited), coins (the
number of Thoughts collected in inventory), andityaithe player/Al health).

Each Event has a TypelD, individual parameterd,tha trigger conditions for the
Event. The TypelD allows for creation of the Evehject of the specified type and there are,
five Event types: AlEvent, TerrainEvent, HUDEvebtalogueEvent, and LevelChangeEvent.
The parameters depend on the type of the Evengéxmple, an AlEvent needs the destination

Vector and the TerrainEvent needs a time limitt8tactor, end Vector, and the radius of the
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modification. Once the Event Conditions match@&C, the Event fires, resulting in either a
bridge being built (terrain modification), dialogappearing on the screen (dialogue event), the
Al moving to a preset location (Al Event), the $tacodifying on the HUD (HUD Event), the
location map changing on the HUD, or the level dfiag from one level to the next. For a
more in-depth explanation of the XML settings faclk event type, as well as what each one
does specifically; please refer to 8.4 — ExampleriE8ystem XML and 8.5 - EventSystem
Explanation.

4.5 HUD Redevelopment

In a video game, the term “heads up display” geferthe part of the user interface that
helps the player track his or her progress, inugntnd statistics. For an educational game,
the elements required in a HUD are much differbahtthose for an FPS. Therefore, we
redeveloped the HUD, particularly to better supploet EventSystem and DialogueEvents.
Originally, the engine supported up to four play&@multaneously and each Human owned its
own copy of the HUD. The Human class was resptam&il creating, initializing, loading,
updating, and drawing its own HUD.

For this project, we decoupled the HUD from thertdin class, coupled it with the
Renderer, and changed it to a singleton desigenpafpublic static) to allow access to the
HUD from anywhere in the code. Figure 23 showsnkeraction between the Engine and the
HUD. We added a HUD Update function that callslftévhenever the HUD is modified) and
by Engine (whenever a timed element is neededeitithD). We created three types of HUD
objects (ImageDisplays, ValueDisplays, and TextRigg all inherited from ScreenObject),

lists to contain them, and modified the HUD Add hwet to return the position of each HUD
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object in its own list. In addition, we improvedtktlook and feel of the HUD.

Screen Object

TextDisplay : ScreenObject
ValueDisplay : ScreenObject
ImageDisplay : ScreenObject

Engine 'nlij::‘(;i;fe& Heads Up Display <22"— Opject Library I

List<TextDisplay>
List<ValueDisplay>
List<ImageDisplay>

- Initialize

- Update

- AddDisplay
- Draw

Manages scripted Creates and Updates
HUD Events Human Specific Objects

{ Game Event Handler I Human I

— Stack Event i

Dialogue Event

HUD Map Event

Figure 23: Heads Up Display Flow

Since educational games need instructional amdtitonal dialogue, we added a
separate Dialogue Controller that handles DialogeeEs. This includes an Update method, a
ShowDialogue method (that shows the dialogue aasgoibed background on the screen for a
predetermined time limit), and a RemoveDialoguehoeét(that removes the dialogue from the

screen when the time elapses). Finally, we matlitie DialogueEvent and the Dialogue
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Controller load functions to accept a backgroumxduiee specified in XML to help distinguish
different types of dialogue.
4.6 Custom Game Objects

GameObjects were designed to be rapidly extenaiblge invented new game objects
for the game. Game Objects, as we define thertudeany items that the player could
interact with, such as the Al, the SkySphere, tt@afPlane, and the Terrain. The
GameObijects are stored in the ObjectLibrary, whighdles the Initialize, Load, Update, and
Draw for each individual GameObject. Three GameCisj- WaterPlane, Arrows, and
Thoughts - were developed to facilitate educatigaahe development with DarkWynter.
WaterPlane is an object representing the area bileviground level”, and is used to confine
the students to the islands and the bridges bettheeislands. Collision with the WaterPlane
resets the student’s character on the most recestted island and allows the student to
continue the level. To add a level of believapiti the “water,” we added a HLSL shader that
blends two textures together to give the illusibflamving water. The Arrows object
represents a placeholder in the game, indicatmgde players should visit. They are drawn
with letters as billboards, or 2-D sprites, whdre plane that we indicate in code always faces
the player if the player has the billboard in th@mport. Collision with an Arrow sets the last
visited node in the CGC to the current arrowlD.eTiihought object is a collectible item that
the students can collect upon collision and areated to allow for greater visibility.

4.7 Al Modifications

The Al class is a GameObject. The original Darkiy Al class included a finite state

machine that had the ability to find and destroy Hnman players on the map. We removed

this from the Al, leaving only the walk and idlenfttionality, and added code to allow the Al to
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walk in a straight line (which was not implementedhe original game). We also added the
function of rotating in place, which is needed whies Al reaches a leaf node, and adjusting
the walk speed for different levels. Currently, mave detected a bug that resets the Al
position at some point before loading the XML aniccfeation. To work around this, we catch
and correct the Al's position in the first pasgteé Al's update loop. In future work we plan to
find and correct this bug.
4.8 Survey Controller

Having done multiple studies with pre and posstelstring the Game2Learn project, we
concluded that building a system that collect®&the data in one location is the best way to
conduct testing with a game. With that in mind,adeled the Survey Controller to the game.
When students play the game, they must first ta&etetest before continuing into the game
environment and take a posttest upon completidgheofiame. The Survey Controller creates a
Form upon Initialize and loads the questions arsivan sets, one page at a time, from XML
into the Form. Since we load the question and ansets from XML, we have separated the
content creation from the game code, allowing fodaiarity. In the current pre and posttests,
there are five multiple choice questions in eadlogeests, all of which can be seen in 8.6 —
Pretest Code and lllustration, 8.7 — Pretest Questi8.8 — Posttest Code and lllustration, and
8.9 — Posttest Questions. The students can navagabng questions and take the test in any
order because we validate that they have answaddaqestion after they press the “Submit”
button. Once all questions are complete, the SuBantroller writes the students’ answers to

a log file. In the future, we will add automatic grading to swevey.
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4.8 Instructions Controller

Instructions are delivered through dialogue amditistructions Controller, a sample of
which is shown in Table 6. The Instructions Colhérccreates a new Form and loads the
InstructionSet from the level’s XML file, which @esigned to be easily modified by
instructors. The students can scroll up and dawthe instructions, and we can prevent the
students from running or compiling their code beftirey have reached a certain line in the
instruction set. In the future, we hope that unstors will use this functionality to create new
instructional material and Game2Learn games.

Table 6: In Game Instructions

Select 'Compiler' from the top of the screen amd lat the box that opens to the
left.

That box is a compiler. There is code there terywur name. Yes, it is written
in C# and not C++ but I will walk you through anyerk there is a difference.
The first thing that | want you to do is tell meuysname. Just remove [enter
name] and replace it with your name.

Notice the Console.WriteLine call? It is includedce in this code. This metho
does the same thing that 'cout' does in C++.lI# tiee computer what to output {o
the screen when it runs the program.

Why don't you use Console.WriteLine command tolsalo to me

Look for the comment 'Say Hello to Cera.'" Belove tbomment is a
Console.WriteLine command, say 'Hello' to me whesays [enter greeting}.
Now, you are able to compile your code. If youde@ompiles successfully, |
will know who you are and we can begin working way out of here.

[®X
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5. THE STUDY

After receiving IRB approval (protocol number 08-P2) on October 9, 2008 to run the
study, we began recruiting professors and studeritke the study, which we officially
opened on October 22, 2008. Our recruitment mti&ve included emailing professors to
announce the study in their classrooms, placingrsgvisible recruitment posters throughout
the building, and talking to students. By Decenfiferwe had 27 participants in the study.
Quickly, after we observed that the test scoregwlecreasing significantly from the pretest to
the posttest we realized that the original pretest too dissimilar from the posttest to
determine learning gains. After correcting thetgst we started the study again on December
9™ ran it through beginning of the following semest&his semester, we have run into the
problem of recruiting students as we are askinmtteework with recursion, which is typically
not started until later in the semester but we hmageaged to recruit enough students for this
study.

5.1 Pilot Study Design

The study design was an exploratory evaluaticth@fprototype with students that were
taking or had already completed Data Structuresfdgarithms between October 2008-March
2009 at UNC Charlotte. The purpose of the study twwagather formative feedback and
determine the impact and feasibility of using gafilesEleMentalfor homework. In the
study, participants signed an informed consent feomk a demographic survey and a pretest
(see Appendix 4) of recursion-related computingcemts, played about 40 minutes of the
game, took a posttest (see Appendix 5), and taak\sey about their experience. The
demographic survey includes information on theipi@dnt’s race, gender, year in school,

major, and gaming habits. The posttest is siniddhe pretest, with the numbers and variable
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names changed in each question (so they are isbibrg not identical). Each session took
approximately one hour.

The post-surveys were used to gather what tetsteugiht of using games like ours as
homework, which quests they preferred, and howroald the game was in play to quest time.
Our primary outcome measurements were the quawnditiEarning gains and the qualitative
responses about whether 1) the games were enjoyaldebjects felt they could learn with
them, and 3) subjects would prefer to learn usiggrae such as these. Gameplay logs were
analyzed for the time spent on each game leveledisas the number of correct and incorrect
attempts at the code challenges. We planned tdersegraphic and pretest/posttest results to
categorize responses to see if different grougsoreded differently to the game.

The study was conducted with 43 participants. Atyseven of these received an
incorrect pretest, so we have data for only 16ig@petnts for a pre- to posttest comparison. Of
these, 13 were 18-25 years old and 3 were 25-8rte€n of our participants were male and
three were female. Two of the students were odAsiescent, 2 were African American, 2
were Hispanic, 9 were Caucasian, and one prefeaetb respond. We had 1 freshman, 1
sophomore, 10 juniors, 3 seniors, and 1 post Bauoadte. Ten were Computer Science
majors, 4 were in Software and Information Systelnsas in Computer Engineering and 1
was Art Major (Graphic Design) with a minor in Coater Science. The students were also
asked what programming languages that they hadpreedusly, as reported in Table 7. As
Java and C++ are taught in our first series of @nogning courses at UNC Charlotte, it comes

as no surprise that they are the dominant languagesg the students.
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Table 7: Languages Previously Used

Answer Options Response Percent Response Count
Java 93.8% 15
C++ 81.3% 13
HTML 56.3% 9
Javascript 43.8% 7
C 31.3% 5
Visual Basic 25.0% 4
Python 18.8% 3
Basic 18.8% 3
PHP 18.8% 3
Other (please specify) 12.5% 2
Pascal 6.3% 1
Assembler 6.3% 1
SQL 6.3% 1
C# 6.3% 1

We also asked the students what types of gamgdikleeto play and their answers are
given in Table 8. Interestingly enough for ourjpot, 8 of the students like FPSs, which is
what the DarkWynter game engine was originally, &mad the students like RPGs, which is
what the engine has become with the addition oEtentSystem and some other
modifications. Since the students could selectentioan one answer, and the percent scores are

based on the percent of the number of studentsseleated each game type as a favorite, the

percentages do not add to 100%.
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Table 8: Video Games Participants Like to Play

Answer Options Response Response
Percent Count

First person shooter games (e.g. Half-Life, Ge&&ar) 50.0% 8
Role-playing games (RPGs, e.g. Final Fantasy, Jelda 50.0% 8
Platform games (e.g. Mario, Sonic the Hedgehog) 8%3. 7
Puzzle games (e.g. Tetris, Bejeweled, Collapse) 5987. 6
Adventure games (e.g. King's Quest) 37.5% 6
Arcade games (e.g. PacMan, Galaga, Frogger) 31.3% 5
Racing/Driving games 31.3% 5
Fighting games (e.g. Mortal Kombat) 31.3% 5
Massively multiplayer online games (World of Warftya 31.3% 5
Rhythm games (e.g. Dance Dance Revolution) 25.0% 4
None, really 18.8% 3
Sports games (e.g. Madden, NBA titles) 18.8% 3
Strategy games (e.g. Age of Empires, Warcraft) %83.8 3
Simulation games (e.g. Sims, Roller Coaster Tycoon) 18.8% 3

Three of the students never play video games widst play less than 3 hours a week,
1 plays 3-10 hours a week, 2 play 11-20 hours &wed 2 play more than 20 hours a week.
Four of the students reported being hardcore garheeported being casual gamers, and the
rest said they were neither. Because of the ssaaiple size, we did not perform comparisons
among the subgroups; however, as we add particgpartwill look at the subgroups to
determine differences, if there are any.

5.2 Pre and Posttest Analysis

We conducted a pre- to posttest comparison falestis taking both tests (N=16), and
the average scores for each question on thesadesdtewn in Table 9. We note that all scores
increased except for Q3, and we suspect that thysbe a result of students assuming the pre-
and posttest questions were exactly the same. aWenctigate the “answer the same multiple

choice answer” by randomizing the placement ofath®wvers by student. Posttest scores are
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significantly higher (M = 1.9375, SD = 1.12361) ththe pretest scores (M =3.1250, SD =
1.82117; t(15) = -3.048, p < .05). Witlparalue of approximately 0.008, we can show that
there is a significant improvement in the postsestres after playing the game compared to the
pretest scores. The effect size, using Cohen%.d8, which is a large effect size, with an
error rate of .05 and gowerof .95. On average, the posttest scores incrdased
approximately .78 standard deviations from thegstet

Table 9: Pre and posttest results (N= 16)

QL Q2 03 Q4 Q5 Total %

Pretest O .5 .63 .38 A4 1.940f 5 38%
Posttest .63 .63 .56 5 .81 3.130f5 63%

Figure 24 shows the pretest and posttest resudtaich participant who took our study.
The Y-axis represents the score the student retéb/etal possible points) and the X-axis
represents the number of the participant. Eacticgzant has two columns in the chart — the
light blue column representing their pretest s@é the purple representing their posttest

score. The participants in the chart are ordeyggldsttest scores, increasing from left to right.
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@ Pretest @ Posttest

Total Score (out of §)

1 2 3 L 5 6 7 8 9 10 N 12 13 14 15 186

Figure 24: Pre and Posttest Scores Per Participant

As a result of an improper pretest, our study becan abbreviated Solomon’s research
design that controls for test effects that cauamieg from a pretest to the posttest. This 4-
group design contains a treatment and control gvatlpboth pretests and posttests and has
treatment and control groups with posttests oiyour case, we have two treatment groups,
Group P with a pretest and posttest and Group NiPjust a posttest (N=27). Since our
purpose is learning, we have omitted both groupsrevthere is no treatment. We ran an
independent samples t-test across the two groo@®rtes that took the correct pre and
posttests (P) and the no-pretest (NP) group. Téansiand standard deviations of the two
groups were very close to one another, P (M = 328z 1.83275) and NP (M = 3.25, SD =
1.45213), indicating that there was probably noindéeraction for the P group stemming from

taking the correct pretest and then taking thetpsist
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5.3 Compiler Answers

Table 10 shows the averages and standard de\gaii@r the thirteen correct game logs
for each student in group P, which include the aléime spent (minutes: seconds) on the
game, and the times and the number of tries stadeak on each challenge. The logs includes
the overall time spent (minutes: seconds) on timeegand the times and the number of tries
students took on each challenge. The last studhtonsiderable difficulty because the
compiler interprets white space differently thae gayer expected. We computed the overall
time spent on the game as compared to how mudiabfime was spent in solving the code
challenges. On average, students spent 75% ofgaeie time actually working on code
challenges. There were no significant correlatiogisveen time spent in the game and posttest
scores. For 6 of the 13 students with valid lolysir time to solve DFS 2 decreased as
compared to that for DFS 1, and for 2 studentgithe was very similar. While the number of
tries to complete DFS2 went up, we believe theabes® in time indicates some learning, since
DFS 2 was more challenging. In the future, we ptado a more detailed analysis of learning
times and tries for all study participants.

Table 10: Game Log Averages

Challenge Average Standard Dev.
Game Time 32:28 15:02
Hello World 6:57 4:53

HW Tries 1.23 0.44
DFS1 Time 10:02 4:10
DFS1 Tries 2.46 2.26
DFS2 Time 10:32 10:41

DFS2 Tries 4.00 24.68
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We also looked at the log files from the gamedmpare the number of attempts each
student had on each programming part and the tiatethey spent playing the game to their
pre and posttest scores. As we only had elevempledenlog files for the students for this part,
we only compared the students that had the comiolgtiles. We were looking to see if there
was a correlation between time spent playing tmeegand attempts to their test scores. Figure
25 shows the results of the comparison, which, eMfiere was not a significant interaction
between time in game and attempts at the progrdoes, show a trend that students who did
well on the posttest did not spend as much tinteegrgame or have as many attempts as their
peers. The Y-axis of the chart is the studentsstawes and average attempt on each problem
and the X-axis represents each students’ timestests, and attempts. Each participant has
three columns in the chart — the light blue coluepresenting their pretest score, the purple
representing their posttest score, and the yelegwesenting their average attempts on the

programming problem.
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mPreTest
mPosttest
3 OAtte mpts

Average Attempts and Test Scores (out of 7)

1 4 — — —
0 T T T T T I T T T T T
0:01:18 003358 0:05:20 00542 006:14 0:08:29 0:08:38 O010:32 0:11:03 0:11:09 01211 0:12:39

Average Time Per Participant

Figure 25: Time in Game and Attempts vs. Test Scose Participants Ordered by Time Spent

5.4 Qualitative Survey Answers

While we only have valid pre- and posttests fosfiilents, 42 students gave us survey
responses after playing the game. Out of the ddesits, 34 strongly agreed or agreed that they
enjoyed playing the game. As shown in Figure 26 have averaged the results from the
survey questions, where one equals strongly disaamnd five equals strongly agree. Thirty-
five respondents agreed that they enjoyed creatdgcompiling their own code inside the
game, which is an impressive 88% response. Tfotyof the students agreed that the game
was helpful in learning computer science concepts3® students thought that the game has a
good balance computer science concepts and 32nssutheught that the game has a good
balance between play and quest time. Thirty-fgueed that the second level with the Al
walkthrough was more helpful in learning DFS thiam other two levels. Finally, 32 students

disagreed that they miscoded on purpose to seewdhdt happen and 29 students disagreed
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I liked creating and compiling real code in the game. |

The second guest helped me understand DFS. |

The first quest helped me understand DF S, I

I enjoyed playing EleMental: The Recurrence . |

| understand binary tree structure better after playing the game. |

The third quest helped me understand DFS. |

| guessed at the solutions. |

Sometimes | mis-coded on purpose to see what would happen. |

Figure 26: Average Survey Responses on a 5 Poinkkrt Scale

that they guessed at the solutions. Next, Tablehblvs student responses to the question
“What aspects did you like best about the games’th® 42 students were not limited to a
single categorical response, they could list mbaa tone answer in this section, and we
categorized them into 67 distinct responses. @uaesat responded, “I liked the whole
experience of walking through the paths and themtythe code and then doing it again for
repetition. 1 also liked the example as the teewaversed,” which we categorized as in game
coding, gameplay, and visualization. Another stidgated, “I like the fact that | write my
own code to make the game work.” While the gameplas rated the lowest, we believe that
is because the students were actually taken wéimdivelty of in-game coding and the
visualization aspects of the game. As for the atiapal aspects, one of the students said, “It is
a great new way to teach computer science contepiewv students.” The hints were also
received well; one student said that he reallydikee “helpful hints i [sic] was given when i

[sic] did not know where to go or what code to @it
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Table 11: Favorite aspects of EMlental

Response Categorie®y respondents By categories

In-Game Coding 29% (12 of 42) 18% (12 of 67)

Visualization 62% (26 of 42) 39% (26 of 67)
Education 38% (16 of 42) 24% (16 of 67)
Hints 19% (8 of 42)  12% (8 of 67)
Game Play 11% (5 of 42) 7% (5 of 67)

Forty-two students responded to the item “Whatrompments would you suggest for
EleMental?” and their responses are categorized in TableAk2he 42 students were not
limited to a single categorical response, theyadist more than one answer, and we
categorized them into 54 distinct responses. Ségandents suggested we include the player
orientation in the mini map for ease of navigatiomprove the language of the instructions,
and to fix the bugs, such as those that allow stisd® stray from the path on the binary tree.
The three students who suggested that we add @hdiegh it is already included) did not use

headphones. Two students asked for more levetshaitder code quests and more game play.

Table 12: Suggested game improvements

Response Categories By respondenBy categories

Add Audio 7% (30f42) 6% (3 of 54)
Improve Mini Map 26% (13 of 42) 24% (13 of 54)
More levels & challenges 10% (5 of 42) 9% (5 of 54)
Improve Instructions 26% (13 of 42) 24% (13 of 54)
Improve Visualizations 9% (4 of 42) 8% (4 of 54)
Improve Engine 33% (16 of 42) 29% (16 of 54)
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Finally, we asked the students what they thoughtiagaming assignments versus
traditional coding assignments. Out of the 42 oesps, 74%, stated that they would rather
play games like this one than code a traditionsigasnent, while 19% prefered traditional
assignments and the remaining students were néasrahown in Figure 27). One student
wrote, “I believe gaming assignments are betten theditional ones because it'll make you
think more outside the box.” Another student expegl that he believes “Gaming assignments
are better because a lot of people enter compcitmee wanting to do things like gaming, and
are disappointed because all they get to do ifistefew assignments is write code to
calculate tax on different stuff.” Finally, one aiir students said, “Gaming assignments...are
better suited for my learning style...most traditioassignments have felt kind of useless
because they really don’t [sic] do anything besides. At best a traditional assignment gets

you to match your output to the teacher...In tlaigg, at least the code did something visual.”

MNeLtral
T

Traditional
19%

Zame
T4%

Figure 27: Traditional vs. Gaming Assignments
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6. CONCLUSIONS

Creating a game to teach students recursionharrabtorious subject in the computer
science field, is a challenge. We had the stangth communication issues, but since our
game programmers included novices, we also hadgwore that everyone learned recursion
enough to design and code the game! Comparingxipierience to our prior efforts in game
creation, we found it much easier to design andtera game for programming with our own
game engine on the XNA platform than with a comnaéigame engine such as Unreal Engine,
Neverwinter Nights, or RPG Maker. By using our ostmdent developed game engine, we
managed to avoid many of the pitfalls that plaginsdGame2Learn project in the early years —
namely, not having enough access to the enginertstizict a compilation system in the game,
not being well versed enough in the engine codivtarhat we needed to do, and not having
the ability to modify parts of the engine (HUD)dbow what we needed to show.

6.1 Study Conclusions

Our hypothesis was that Elemental: The Recurraniténprove student learning about
recursion and depth-first search. We also hypatbkdghat students who play the game would
have a positive attitude toward playing such galmeBomework as opposed to traditional
assignments. In this thesis, we discussed thesiecugame design, the game we created and
how it was implemented, and presented the reswlts dur study of 42 students playing the
game. The study scores from the pretest to thiggsdshow statistically significant learning
gains (p <.05) from playing Bléentaland the qualitative feedback from our participants
showed that they were very enthusiastic abouthla@@e to learn with more programming
games like EleMental: The Recurrence. Althoughstmraple size (N=16 for those who took

both pre- and posttests; N=26 without pretest) svaaller than we would have liked, the
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differences in the scores were large enough to siaitv statistical significance and a large
effect size, suggesting that Klentat The Recurrence implements teaching recursion in a
game environment in such a manner that studentkeaamfrom the game. With the good use
of visualization, frequent and obvious feedbackbmt the HUD and from the compiler, and
an in-game compiler that students can use to Wrée own code to work in our game
environment, this game demonstrates many charsiitsrive feel are important for
educational games in computer science. Studeayeglithe game for about 40 minutes and
most of them were enthusiastic about learning With game and the possibility of using more
such games in learning complex computing topic®e plén to use the results of this study to
engage computer science professors in using odesticreated, and scientifically validated
learning games in their courses.
6.2 Project Conclusions

One of the goals of the Game2Learn project isi\ttaace computer science education
of the student-developers of the games, and tmeeganriched several areas for myself and my
colleagues. In order to ensure that players wirwexpected code, student developers had to
learn how the .Net compiler works and how to pas#e to ensure that the students were
writing the code the way the developers intendBde process improved our knowledge of
recursion, compilers, abstraction, polymorphisnd designing complex architectures to
handle game interactions. We also learned howotd with DLLs in the .Net environment
and that it is definitely better to wait to created DLLs once that particular part of the code is
stable. By using the agile cycle of developmem,|@arned how to rapidly iterate through the

software cycle efficiently, using teamwork, goodrsounication skills, self-organizational
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skills, and personal and project accountability arahagement. Perhaps most importantly,
student developers learned that good code is n&tifitle for good design.
6.3 Future Work

Like all Game2Learn projects, the Elentalproject left us with some very good data
on the ability of our game to teach students comguwtoncepts. In the near future, we plan to
write a paper describing our design process andgadvice to those who would attempt to
make learning games. We would like to expand endba, as always, and have several good
ideas in the works for future additions to the garée can use EMental and in particular,
the engine’s ability to do real time terrain mochfiions, to teach students the concept of a heap
and provide them with an interesting visual dispéyhe heap being created, modified, and
rebuilt, based solely on the student’s code ingutother idea is to further expand on the tree
that is currently in ERlental by allowing students the ability to create andérae their own
trees visualized with real time terrain modificatioFinally, we can modify ideas from
EleMentalto teach linked lists and how to traverse, add,r@move list elements to the list in
code. Our fully integrated C# compiler enablegeat flexibility in both the game types and
computing concepts we can teach.

6.3.1 Future Studies

Future studies on Bléental The Recurrence are important to ensuring thatesults
were accurate and that we did teach the studerdasingful concepts about DFS and recursion.
We do have some immediate improvements that nelkd toade, to include making the in-
game code harder for the students to completehbatwe need to run the study in an actual
ITCS 2214 class to measure student learning ialéstie context. For our first follow up

study, we would also like to have half the clasg/plith the compiler in the game and the
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other half to play by writing pieces of code that @heck in the game, but without using the
compiler. Our hypothesis is that students who plkgMentat The Recurrence with access to
the in-game compiler will show significantly highearning gains than a comparison group
that plays without the compiler. We also hypotheghat students who use the in-game
compiler will have better transfer of learning tegramming DFS in an integrated
development environment (IDE). We believe thatrémults from that study will help us learn
more about what works for teaching computing cotecapd how actual programming can
reinforce them.

We plan to run a second follow up study to detemthe effects of using two or three
dimensions in the game. We hypothesize that stademo are not familiar with 3D games
might perform better in a less complicated 2D emvinent. However, there may be some
interesting positive effects in 3D for students vetne more spatially oriented. Therefore, we
will include a spatial intelligence test beforesttudy, in addition to our survey on the types
and dimensionality of the games students play. céigd then compare learning gains and time
spent on coding and on navigation, to look for elations between dimensionality and
learning or reduced play time. If we can add pasiand orientation tracking then we can also
measure the amount of turning students need to davigate in the game world. We may also
be able to simplify the movement controls in thengay using a different controller and
programmatically keeping players in the centethefpath through the tree. This will help us
better understand the interaction of game elemeititslearning.

We would also like to run a third study to meagheeeffects of close ties between the
core gameplay mechanic and the concepts beingdéardfRor example, in The Catacombs, the

main gameplay mechanic was walking through a maddighting demons, while there were
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three code challenges along the way to unlock d@md code was “magic” in the game. In
EleMental: The Recurrence, players physically walk and make ¢hoices based on the
algorithm that they are learning. The two main gplay mechanics here are walking using a
DFS algorithm, and writing code to control the phgsmovement of a Thought using DFS
While both games showed learning gains, it wouléthberesting to run a study to see if the
matched between concepts and gameplay mattersdiorihg gains. Finally, since we are
using three distinct metaphors in Hlental: The Recurrence, we would like to design and run
a study to see if we can detect where the leamm@egrs in the game, acknowledging that not
all students learn the same way. However, if wd that one metaphor is significantly less

effective than the others, we could then removéeftbhan the game.

6.3.2 Engine and Game Improvements

Based on our findings in this study, we plan sahvienprovements for EMental to
include most of what the students in the pilot gtretjuested. To better demonstrate the task
of depth-first search and the advantages of usiogrsion, we plan to replace level 1 (“Hello
world”) with a small brute-force program to perfotrae traversal. We are also thinking about
showing the students the ‘backend’ code of the @rekthe Node in the Engine that the
students use to build the tree, even if they daealize it at the time. We might also build a
fourth level for the students, where they haveréate and use their own Node and Tree
classes, which will then be created dynamicallytfi@m in the game world. In all levels, we
would like to include a visualization of how thetwal programmed traversal would work, even
when it is incorrect, as we feel that recursiobhéast taught when students can literally ‘walk

through’ the code, the same way that they can sudiStudios. We may also remove the first-
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person perspective for walking through the binagg tsince a top-down view seems to be most
beneficial. Finally, we are considering addinggd'faf war” (where we hide most of the level
detail from the students) to the game to enforeddbal vs. global concepts of recursion.

What this would do is focus the player on the autrgath and the choice of left and right paths
ahead of them, obscuring the view of lower and éidavels of the tree.

Also based on student feedback, we will add abetticator on the mini-map to show
both position and orientation for the player, amggrate the experience points (XP) better with
the game to provide more motivation. We would dils®to add an arrow to show players
which way to go when they are confused. We desligne stack and telephone metaphor to
work together to help students connect local anBajlbehavior for the recursive DFS.
However, based on feedback from our data struetndealgorithms professor, this area is most
difficult for students and could use more elabarain the game. In our future studies, we also
plan to integrate the game as a standard assignmeut algorithms and data structures class,
to ensure better study samples and provide alestisdvith the benefit of an alternative form of
learning.

Some other engine improvements that we want tcenraude reducing the time it
takes to create a level. Currently, level creatad®s a minimum of five hours (for people who
know how the engine works) for two developers. sTdoes not include the time it takes to
create the dialogue. We would like to decreasgttine to two hours for two people, not
including the time it takes to develop the dialofmrethe level. To do this, we plan to load the
Challenges through XML, to make it easier for pssfas and fellow students to rapidly create
new challenges by changing the XML files. We wilo look at adding a parser to the game,

such as Lex, Yak, or Flex, to assist the developepsirsing the student code.
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We are in the process of finishing the level edidnich will allow users to place game
objects directly on the game map and then gendrat¥ML. This will allow developers to
visually create a level, save the XML, and the gaarethen load the XML and this will
shorten development time considerably. As sodh@€hallenges are in XML and we finish
the level editor, users will be able to load newels by creating a grayscale map (currently in
use), create the game objects on the world, createChallenge, Event, Survey, and
Instruction XML files within about two hours.

Finally, we would like to attach the engine to §3@QL database for ease in log
handling, parsing, and storage. While we are uBifg currently to store the log data, we
would prefer to open a MySQL connection to the ldasa and write the log file as a stream
instead of writing the log to a text file, which ween FTP, to the server. This will aid us in the
future, as it will correct some of the data losshage already encountered because it will be a
complete log up to the point of an eventual engnhash, if one does occur. Also with the
database, we plan on a GUI that has prewritteredtqueries so that we can look at the
particular datasets we want to see without havangrite new queries to analyze the game log
data. This will allow us to automate a good portid what we are doing by hand right now

and will considerably speed up the information gatig process for later studies.
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8. APPENDIX

8.1 — Code Challenge 1 — Scaffolding Code

usingSystem;
classTest
{
public staticvoid MyFunction()
{
/I Tell us who you are
stringname ="'[enter name]’;
ConsoleWriteLine(name);
/I Say 'Hello' to Cera
ConsoleWriteLine(" [enter greetind]');



8.2 — Code Challenge 2 — Scaffolding Code

usingSystem;
classTest

{

publicvoid TreeTraversal()

{
Tree myTree newTree();
depthFirstSearch(myTree.root);

}
public void depthFirstSearch(Node node)

{
Thought.moveTo(node);
if ((node.returnRight() =aull) &&
(node.returnLeft() =null))

{

return

}

else

{
if (node.returnRight() !sull)

{
depthFirstSearch(node.returnRight());
Thought.moveTo(node);
}

if (YOUR_CODE] !=null)

{

[YOUR_CODE]

}

}

return

}
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8.3 — Code Challenge 3 — Scaffolding Code

usingSystem,;
classTest

{
publicvoid TreeTraversal()
{
Tree myTree msew Tree();

depthFirstSearch(myTree.root);
}

public void depthFirstSearch(Node node)
{
Thought.moveTo(node);
/I Check for Base Case

if ((node.returnRight() =aull) && (node.returnLeft() ==ull))
{

return

}

/l Recurisve calls
else

{
/I Travel to node’s right child
if (YOUR_CODE] !=null)
{
depthFirstSearch(node.returnRight());
[YOUR_CODE]
}
/I Travel to node’s left child
if ([YOUR_CODE] !=null)
{
[YOUR_CODE]
Thought.moveTo(node);
}
}

return

}
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8.4 — Example EventSystem XML

<GameEventypelD ="TerrainEvernit timer ="500" startX="19" startY="0" startZ= "49" endX
="20" endY="0" endZ "74" modamount "18"' node="2" coins="-1" sanity="-1"/>

<GameEventypelD ="TerrainEvernit timer ="50" startX="19" startY="0" startZ "49" endX
20' endY="0" endZ= "74" modamount "9"node="3" coins="-1" sanity="-1"/>

<GameEventypelD ="DialogueEvent speaker"Cerd
message"Awesome! You did it!
texturePathl="Content/_textures/compilerSuccésse ="8000'
node="0" coins="-1" sanity="10"/>

<GameEventypelD ="MapEvent texture="Content/_textures/MapHUD/mapgexX ="212'
texY="10" draw="Yes' node="2" coins="-1" sanity="-1"/>

<GameEventypelD ="StackEvent texture="Content/_textures/StackHUD/StackM @xX
="212' texY="10" draw="Yes' node="4" coins="-1" sanity="-1"/>

<GameEventypelD ="AlEvent' ID="5" drawable="falsé' destX="1500" destY¥="13" destZ
="5125' node="5" coins="2" sanity="-1"/>

<GameEventypelD="LevelChangeEvehinode="15" coins="8" sanity="-1"
nextLeveg"1"/>
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8.5 - EventSystem Explanation
Each EventSystem XML tag starts with the elemenh&avent, which we use as the class
name (type discovery). Red tags denote attriboftése elements.
Trigger Condition Tags (same across all events)
node— The node that the player is currently on.
coins— The number of Thoughts in the player/Al’'s invegto
sanity— The player’s health.
Other Common Tags
typelD— The name of the Event class we are invoking
timer/time— The Time (in milliseconds) for the event to run.
TerrainEvent Tags
startX— The X coordinate where we want the terrain mostact. *
startY— The Y coordinate where we want the terrain mostact. *
startZ— The Z coordinate where we want the terrain mostaa .*
endX— The X coordinate where we want the terrain moeina. *
endY - The Y coordinate where we want the terrain moeina. *
endZ- The Z coordinate where we want the terrain moehid *
modamount The amount that we want to raise/lower the terrai
* All coordinates, unless otherwise specified, ané/ector3 between 0 and size of map, which
is capped at 256 pixels.
** Uses the same coordinate system.
DialogueEvent Tags

speaker The speaker of the message, which will take &mygsinput.
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message The contents of the message, string input.

texturePath+ The address of the background image for theltext
MapEvent/StackEvent Tags

texture— The address of the mini map/stack image.

texX — The X coordinate of the image on the HUD. *

texY — The Y coordinate of the image on the HUD. *

draw— Tells the game to draw or not to draw the image.

* Texture coordinates are a Vector2 capped betW@®) — the top left-hand corner of the
monitor and the max size of the viewport — the doottight-hand corner of the monitor.
AlEvent Tags

ID — The ID of the AlEvent — used for tracking whichevent we are on.

Drawable— In game edit mode, when this bit is true, thetjact is drawn at the location
specified by the Vector3(destX, destY, destZ).

destX— The X Coordinate of the destination for the Atlwe drawable object. * *

destY— The Y Coordinate of the destination for the Atlwe drawable object. * *

destZ— The Z Coordinate of the destination for the Atlee drawable object. * *

* * The destination coordinates are a Vector3 cappetween (100, 0, 100) to (8,999, 5,999,
8,999)

LevelChangeEvent Tags

nextLevel- The number of the level that is to run next.



8.6 — Pretest Code and lllustration

publicint getProducifit num)
{

int result;

if (num == 1)

{

result =1;

}

else

{

result = num * getProduct(num - 2);

}

returnresult;

1} geiProduci|s) | Slresult= 3
m— A N
2] e getProduct()- - -
ﬁ
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8.7 — Pretest Questions

1) What is the value passed to getProduct() in step 2?
a. 1
b. 2
c. 3
d. 4
e. 5
2) What is the value passed to getProduct () in step 3
a. 1
b. 2
c. 3
d. 4
e. 5
3) What is the value of “result” at step 4?
a. 18
b. 1
c. 0
d. 15
e. None of the above
4) What is the value of “result” at step 6?
a. 18
b. 1
c. 0
d. 15
e. None of the above
5) How would you recursively represent the value ektrit” at step 5?
a. result=2
b. result=3*2
c. result =2 * getProduct(1)
d. result = num * getProduct(num - 1); num =2
e. You cannot represent an integer recursively



8.8 — Posttest Code and lllustration

publicint getProducifit num)
{

int result;

if (num == 1)

{

result =1;

}

else

{

result = num * getProduct(num - 1);

}

returnresult;

etPraduct() - B
| 1} getProduct(3] < veld | u‘: result = 2
Al ”—_
| 2] H getProduct{) - _ | IrGSU =

I getProduct()




8.9 — Posttest Questions

1) What is the value passed to getProduct() in step 2?
a. 4
b. 3
c. 2
d. 1
e. 0
2) What is the value passed to getProduct () in step 3
a. 4
b. 3
c. 2
d. 1
e. 0
3) What is the value of “result” at step 4?
a. 9
b. 6
c. 0
d. 1
e. None of the above
4) What is the value of “result” at step 6?
a. 9
b. 6
c. 0
d. 1
e. None of the above
5) How would you recursively represent the value ektrit” at step 5?

a. result=2

b. result=3%*2

c. result =2 * getProduct(1)

d. result =2 * getProduct(num —1); num =2
e. You cannot represent an integer recursively



8.10.1 — IRB Paperwork - Protocol Approval Applioat(IRB)

Institutional Review Board (IRB) for Research withHuman Subjects

UNCCHARIOTTE

N

PROTOCOL APPROVAL APPLICATION

PROJECT TITLE Game2Learn: teaching programming from within a game
C t
INVESTIGATOR Name: Amanda Chaffin Dept.: olmpu er
Science
INFORMATION
Status: X Student []
. Faculty/Staff
Title: e
one:

Degree(s):

(If student: Ph.D. Student Phone: (704) 458-3746

state degree

being sought)

S 9201 University

o City Blvd, o
X;gggs- Charlotte, NC Email: katla@wulfkub.com
' 28223

RESPONSIBLE Name Tiffany Barnes Dept.: Computer Science
FACULTY Title: Doctor Phone: (704) 687-8577

Degree(s) PhD Email: tbarnes2@uncc.edu

List all co-investigators below, including those fom other institutions.

Simply tab to the gray blocks and type in your infation. The box will expand as you type.

Responsibility on Contact
Name Degree(s) Research Project DS Information
Will assist in the Ph: (828) 443-8444
Katelvn Doran Undergraduate | design and Computer —
y Student implementation of| Science Email:

the study

kedoran@uncc.edu
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Investigator's Agreement:

| certify that myself as well as all co-investigatdvave completed the required UNC Charlotte HuBanjects
On-Line Training Tutorial located &ttp://www.research.uncc.edu/Comp/human.cfmand that each of the co-
investigators has accepted their role in this studgree to a continuing exchange of informatiatihhe
Institutional Review Board (IRB). | agree to olotaipproval before making any changes or additiorbe
project. | will provide progress reports at leashually, or as requested. | agree to report ptigripthe IRB all
unanticipated problems or serious adverse evewtdving risk to human subjects. A copy of the imed
consent will be given to each subject if applicedole a signed original will be retained in my files

Signature of Investigator Date

Responsible Faculty Member's Agreement(If the Investigator is a student)

| certify that, as the student’s responsible fagulhave:

read and endorsed the materials submitted; and
completed the required UNC Charlotte Human subjectd.ine Training Tutorial.

Signature of Responsible Faculty Date

1. Completion of required Human Subjects Training Tutarial
NOTE: Co-investigators from institutions or organizasmot affiliated with UNC Charlotte
must either complete UNC Charlotte’s required oe-liRB tutorial or provide documentation
that similar training has been completed elsewhere.

Amanda Chaffin: Completed human study IRB on Se@096 09:04 PM
Katelyn Doran: Completed human study IRB on July2aD8 02:54 PM

2. Current or Planned Funding Source (Internal or External)

NOTE: Please submit a copy of methodology section oftgapplication with protocol applicatio
(if applicable).

=)

P.l. of Grant or Contract:
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Name of Funding Source
Grant/Contract No. (if available):
Grant/Contract or Project Title :

Clve [ INo If“NO”, please provide explanation in text box

Attached: Grant Methodology below. (Text box will expand.)

Section

No Funding X

3. Conflict of Interest

Will members of the research team have financiglrést in, receive personal compensation fromptd &
position in an industry sponsoring this study drestvise have a potential conflict of interest reljag the
conduct of this study? If so, please provide exai@n below.

No
4. Student Investigators
Indicate if research is for any of the followingdgorovide explanation in the text box
below, if needed:
[IClass project [X]Undergraduate [ ]Master XlDoctoral
This study is being performed by a Ph.D. and aretgrdiduate students as part of their ongoing relsear
into educational games for computer science edutati
5. Purpose of Project

Provide arief summary (i.e. 300 words or lesspf the purpose of the project in layman’s
terms including: background information as necgssasearch question(s), and
explanation of why the study is needed. Provideftii nameftitle at least once when using
acronyms.

We are developing a game to be used in correlatitnComputer Science Data Structures and Algorithm
(ITCS 2214 and 2215) courses. This game will be tiséntroduce and teach computer science concepts
within the safe environment of a video game. Thimiative learning environment uses familiar gatag p
aspects in order to encourage student learning.

We are developing this game to teach mid level adgemscience concepts in effort to increase student
motivation and engagement in learning to prograra.aké currently developing an initial prototype
containing multiple challenges that focus on thecept of recursion.

For this study, we will be evaluating this protagyie inform the next stage of our game design. We w
specifically be focusing on the effectiveness afiougame lesson plans, as well as initial feedbsubut
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the storylines and game concepts. We will alssetbdying any learning gains or changes in improvegme
for the students involved.

6. Enrollment Information

Expected number of

.. 100
participants:

Both male and female, but expect more males due to

Expected gender . . :
typical makeup of programming courses where we will

representation: .

P be recruiting from.
Expected minority Will recruit any available minorities, but expeetf
representation: due to typical makeup of programming courses.

Expected age of participants: | adults, aged 18 and up.

Yes No

7. Vulnerable Populations (Target (Incidental

Population) Inclusion)

Children: [ X

Non-English speaking: L] X

Decisionally impaired or mentally incompetent : L] X

Prisoners, parolees and or other convicted offendsr L] X
Pregnant women:

[ X

Select “Yes” if study is about pregnancy, pregnaninen and/or the
fetus or neonate.

UNC Charlotte Students: X L]

8. Characteristics of the Study Population
List required characteristics of potential subjestd those that preclude participation.

Inclusion Criteria: Describe the characteristics of the study populésip What
characteristics make someone an ideal candidgartipate in your study? (e.g., age,
occupation, M/F, etc.)

Exclusion Criteria: What characteristics would make someone inekgibt participation in
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the study?
In(j‘lus.|on Students who are currently enrolled in ITCS 2214T@S 2215
Criteria:
EX.CIU.Slon Students who are not enrolled in ITCS 2214 or ITX2%5
Criteria:

9. Health Information

The Health Information Portability and AccountatyilAct (HIPAA) Privacy Rule governs disclosure of
personally identifiable health information (deenfiptbtected health information” or PHI) by hospitals
physicians, and other HIPAA-defined Covered Eriti®HI is broadly defined to include data on spris
physical or mental health, health care, or payrf@mtealth care. PHI includes, for example, adish person’s
current medications or a person’s weight, smokiatus or date of surgery.

As part of this research study, will you obtain gmgtected health information (PHI) from a hospitedalth
care provider, insurance agency or other HIPAA+usfi Covered Entity?

<] No ] Yes

If YES, attach the Application to Use Protected lrelformation (PHI) in Research form at:

http://www.research.uncc.edu/Files/PHI_usage.dot

10. Summary Checklist — Are any of the following involed?
The items listed below ARE NOT an all-inclusive lis methods or procedures but are intended

to provide ‘triggers’ or reminders for you to prdeiappropriate information in subsequent
guestions in the application or to provide suppletaematerials necessary for the review
process.

Yes No

a) Will research include use of existing datageech records, patient O <
records, and/or human biological specimens?

b) Will data collection include surveys, questiaites or psychometric
testing? X n

(submit copy of survey/questionnaire with protcamplication)

¢) Will data collection include interviews or fog groups? ] X
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(provide interview/focus group question with pratbapplication)

d) Will research include deception or less thahdisclosure? ] X
e) Will research include accessing Student Edcalt Records? L] X
f) Will research include a data sharing agreefent
[] X
(Provide details in Question 11 below.)
g) Will research include an equipment sharingeagrent or contract?
[] X
(Provide details in Question 11 below.)
h) Will data collection include: *Audio Recordjf ] X
*\Video Recording? ] X
*Photography? ] X

*|f you answered “Yes” to any of the options@uestion H this information must be disclosed in the
consent document AND/OR a separate release coftsent (Sample documents can be obtained
from the ORS website or from the Compliance Ofjice.

If UNSURE, please review the Guidelines for UsafjProtected Health Information (PHI) in Research at
http://www.research.uncc.edu/Comp/chipaa.cfm

11. Full description of the study design, methodsmal procedures including

the type of experimental design;

describe study procedures;

provide a sequential description (explained in st@pases etc.) of what will be asked
of/done to subjects;

clarify if subjects will be assigned to various gpg/arms of the study (if applicable);
explain what kinds of data will be collected;

provide details on the primary outcome measuremeants

explain any follow-up procedures (if applicable).

If you answered “YES” to any of the items in Q #10please provide explanation/description
in this section.

Attach 2 copies of the questionnaire(s); inventori or scales that will be completed by
participants.

This study is a pretest posttest experimentagesiWe will recruit students from ITCS 2214 and 22
course. We will visit the courses at their meetinigs as well as pass out flyers to recruit theestts for our
study. The students will sign up for specific terte take the study in the Woodward Computer Lah 33
Researchers will be on hand to answer questiomsth©day of the study, the students will compte&informed
consent, take a demographic survey, take a prelagtthe game, take a post test, and take adinmaky.
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Sequential description of subject participation:

1. Subjects will complete the attached informedseot form and demographic survey (about 5 minutes)
2. Subjects will take a pre-test on basic programgnskills (namely recursion and trees), as attacteeget
a baseline on their skills (about 5-10 minutes).

3. Subjects will play through the game (about 3autes).

4, Subjects will take a post-test, as attachediroflar construction as the pre-test to determmechanges

in skills (about 5-10 minutes).
5. Subjects will complete the attacheadlfigualitative survey (about 5 minutes).
Total participation time will be about one hour.

Data collected will include all the tests and tlaeng will log their performance to include correatiancorrect
responses in game as well as time taken for eakh ta

Our primary outcome measurement will be quantigative to posttest learning gains; as well as, tiaditative
responses that will provide us with feedback ontiviel) the game is enjoyable, 2) subjects fegl toaild learn
with it, and 3) subjects would prefer to learn gsingame like this. Demographic and pre-test/fEstresults
will be used to categorize responses to see éwdifft groups respond differently to the game.

12. Duration of entire study and duration of an irdividual subject's participation, including
follow-up evaluation if applicable, including:

Provide information on the number of required gisiests, surveys to be completed,
interventions.

Provide information on the approximate duratioracth intervention (i.e., how much tim
should the subject expect to spend).

(1]

This study will require that the students take pretest, one posttest, and a qualitative survéne game
should last no longer than 40 minutes; the prepestitest, and survey should last 5 to 10 minuteb.e
If the participant has not completed the game witt minutes, we will ask them to stop. The overal
time for each subject is expected to be 1 hour.

13. Where will the subjects be studied?

If off UNC Charlotte campus, list locai®

Attach 2 copies of letter(s) of permission to condi the research project from school(s),
organization(s) or any off-campus location.

The study will be conducted in the Woodward Halinpauter lab.

14. Confidentiality
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Explain how you will protect the confidentiality tie data collected. Describe procedures for ptioge@gainst
or minimizing any potential risks from breach ohfidentiality or invasion of privacy. How will yoprotect the
data with respect to privacy and confidentiality@r example:

Where will the data be stored?
What security measures will be applied?
Who will have access to the data? Provide exgtian of why they need access.

If applicable, specify your plans for de-idenitify or anonymizing the material if audio/video redings or
photographs will be used.

If applicable, describe what measures will beetato ensure that subject identifiers are not gteethe
investigator.

If applicable, describe procedures for sharintg aéth entities not affiliated with UNC Charlotte.

Provide a timetable for destroying the data alehiify how they will be destroyed or provide exp#on for
perpetual maintenance.

Please note:The IRB expects researchers to access the minimmaliat of data to conduct the study and to
comply with applicable HIPAA and Family Educatiorfiights and Privacy Act (FERPA) requirements.

Subjects will be assigned a non-identifying numdzewe can relate all of their various materialseifh
identity will be kept confidential, only being realed on the consent form.

All data labeled with the participant number widl placed into a password protected database in the
Games and Learning Lab. The subject identity méllkkept confidential, only revealed in a separate
password protected master list that relates namesrhbers, which only study researchers will have
access to. This file will be password protecteeinewhen on portable storage devices. In one tlear,
master list will be destroyed.

15. Data security for storage and transmission.

Check all that apply.

For electronic data:
Secure network
Password access

Encryption

O 0O X O

Other (describe in question 12a. above)
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Portable storage (e.g., laptop computer, flashediriv
Describe in question 12a. above how data will teggmted for
any portable device

For hardcopy data (including human biological speens, CDs, tapes,

etc.):

Data de-identified by research team

Locked suite or office

Locked cabinet

Data coded by research team with a master listedand kept
separately

O X X X X

Other (describe in question 12a. above)

16. Full description of risks and measures to mininze risks:
Give full descriptions and measures fékors.
For example:

psychosocial harm (e.g. emotional distress, embsmeant, breach of
confidentiality, etc.)

economic harm (e.g. loss of insurability), and

legal jeopardy (e.g. disclosure of illegal actiyias well as

known side effects of study medication,

risk of pain and physical injury.

There are few risks associated with this study hdywrmal computer usage.

The game is set in a three-dimensional environmaiith adds the slight risk that some users could
experience disorientation.

17. Benefits to subjects and/or society

The possibility of benefits to society should beatly distinguished from the possibility off
benefit to the individual subject, if any.

If there is no direct benefit to the indival subject, say so. Do not list monetary payment
as a benefit.

The Game2Learn games have shown significant legugams in the previous Game2Learn studies. The
students could potentially increase their knowledfjine covered computer science topics.
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The research will potentially benefit future stutdeim computer courses by providing a more engaging
interesting method for learning. This in turn matyact or retain more women and minorities in the
computer science and information technology fields.

18. Inducements for participation:

If monetary, specify the amount and how thils lve prorated if the subject withdraws (or i
withdrawn) from the study prior to completion.

[

None provided by the study personel.

19. Costs to be borne by subjects:

If there are no costs to subjects, indidhis.

There will be no costs to subjects except for time involved.

20. Data analysis:

State how the data will be evaluated, indicate wlzard by whom data analysis will be performed.

The data analysis will be both quantitative anditatave in nature. We will analyze the game ldgd
and the pre and post test results. We will loalddarning gains, and patterns and differencesar u
behavior. We will also look at the demographic godlitative results to evaluate the games. Allysis
will occur in the Games+Learning lab in the Comp@&eience Department.

21. Methods of recruiting:

Tell how prospective subjects are contacteabvide recruitment script (letters, email, fiyand advertising,
telephone script, verbal, website, etc.).

The study will be offered to a computer sciencas@TCS 2214 and 2215). Flyers will be posted in
Woodward Hall, passed out in the classes, and eth#ilthe instructors of the classes to forwarihédr
students.

22. How will informed consent be obtained?
Give full descriptions and measures for all of filowing applicable risk factors:

Describe the process.

It is typical to obtain assent from children agek77

When the consent of a legally authorized repre$igates substituted for consent of the adult subjexplain
why this is necessary.

If non-English-speaking subjects will be enrollad;onsent form should be prepared in their for&agguage.

Someone who is fluent in the subjects’ languaget inesvailable to interpret

Attach 2 copies of the informed consent document(gyinted on your department’s letterhead.




Subjects will be complete an online informed cohn$enm before taking the pretest.

23. Waiver of Consent Documentation and/or Procede

Waiver of consent documentation:An IRB may waive the requirement for the investigao
obtain a signed consent form for some or all subjécertain conditions are met and if sufficien
justification is provided.

Waiver of Consent Procedure: An IRB may approve a consent procedure which doges
include, or which alters, some or all of the eletaesi informed consent set forth in this section,
waive the requirements to obtain informed consehjexts if certain conditions are met and if
sufficient justification is provided.

If waiver(s) is being requested provide brief exltion below of request for waiver(s) AND
attach completed waiver form. For more details déominloadable forms, go to:
http://www.research.uncc.edu/comp/human.cfm

t

YES
Waiver or Alteration of Consent Procedure:
Complete appropriate Waiver form and submit withtpcol application. =
Requesting waiver of some elements of consent? L]
Requesting waiver of consent entirely? L]
Waiver of Consent Documentation: O

Complete appropriate Waiver form and submit withtpcol application.

Explanation:

Submission Reminders

NO

X X
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Submit two (2) signed copies of the entire IRB Apak Application to:

Cat Runden or Dixie Airey, Office of Research Serdges, & Flr., Cameron Hall.

Have you included the following items?

Informed Consent document on appropriate UNC Gttarletterhead (parental and assent
if applicable)

Surveys

Questionnaires

Psychometric Testing Instruments

Interview and focus group questions

Assessments

Pre-Test, Post-Test

Inventories, or scales that will be completed bytipipants
Recruitment scripts (email, telephone, verbal ameements) & Flyers
Request for Waiver documents

Letter(s) of permission/cooperation to recruittigggants from and/or conduct the research
project from school(s), organization(s) or any cdinpus location.

Did you include the tutorial completion date fauyand ALL of your co-investigators,
responsible faculty, research assistants, etc?

Grant proposal methodology section, if applicable

Involvement of co-investigators from other instdns:

Efforts to determine the need for IRB approval frote co-investigator's
institution/organization must be documented. Tdosumentation may be submitted along
with  the signed Investigator Agreement which can bdéound at
http://www.research.uncc.edu/Comp/human.cfm

For additional assistance, call Cat Runden at (70887-3309 or Dixie Airey at (704) 687-
3311.
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8.10.2 - Informed Consent

Informed Consent for

Game2Learn: Teaching introductory programming usinggames

Project Purpose

You are invited to participate in a research stedytled Game2Learn: Teaching
introductory programming using games. The visianofar project is to create game to
teach introductory computer programming skills.sTiminovative learning environment
uses a familiar, concrete, and engaging metaphemc¢ourage student learning. In this
study, we are comparing a Game2Learn game witiditibtnal homework assignment to
determine the effectiveness of learning to proguaing games.

Investigatos

Dr. Tiffany Barnes, Amanda Chaffin (MS student)té&gn Doran (Undergrad) Computer
Science Department, UNC Charlotte

Eligibility
You may participate if you are currently enroll@da course in computer programming
(ITCS2214/2215) and can speak English.

Overall Description of Participation

You will first be given a demographic survey. Owyoal have completed the survey, you
will then be asked to start the game. Inside ey we ask you to take a quick pretest
that asks 5 multiple choice questions. Once yue li@ished the pretest, you then play the
game until you reach the end. After receiving yseore for playing, you are then asked to
take a posttest. Finally, you will take a sureeyyour perceptions of the game and the
assignment. Your game playing and task performanitée logged.

The entire process should take no more than one however, as we are asking you to
write code, please be aware that this may takeelong
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Length of Participation
Your participation in this study will take approxately one hour.

Risks and Benefits of Participation

There are no known risks to participation in thigly. However, there may be risks which
are currently unforeseeable. Agreeing to partieipatl allow us to use data obtained from
this study to improve computer science educati@iusgl to participate in this study will
not be reported to your instructor and will noteatfyour grade.

Volunteer Statement

You are a volunteer. The decision to participatthis study is completely up to you. If
you decide to be in the study, you may stop attemng. You will not be treated any
differently if you decide not to participate in teidy or if you stop once you have started.

Confidentiality Statement

Any information about your participation, including your identity, is completely
confidential. The following steps will be taken taensure this confidentiality:

Once recorded, your data will be de-identified by ssignment of a random
identifier to your records.

Association between participant names and identifrs will be kept in locked
files and only study staff will be allowed to loolkat them.

No personally identifiable information will be released or shared.

Participants should be aware, however, that themxent is not being run from a "secure" ftp
server of the kind typically used to handle creditd transactions, so there is a small
possibility that responses could be viewed by umanigzed third parties (e.g., computer
hackers). However, the data accessible this wayowi} be data logging your game
performance.
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Statement of Fair Treatment and Respect

UNC Charlotte wants to make sure that you aredckeat a fair and respectful manner.
Contact the university’s Research Compliance Offi&1-687-3309) if you have questions
about how you are treated as a study participdiryiou have any questions about the actual
project or study, please contact Dr. Tiffany Bar(®-687-8577, tbarnes2@uncc.edu).

Participant Consent

| have read the information in this consent fornhave had the chance to ask questions
about this study, and those questions have beeveass to my satisfaction. | am at least
18 years of age, and | agree to participate inrdgsarch project. | understand that | may
request a copy of this consent form.

If you are 18 years of age or older, understandgthtments above, and freely consent to
participate in the study, sign and date this fond give it to the moderator..

Legal Signature:

Printed Name:

Date:

Pl:
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8.10.3 — Professor Recruitment Email

Professor <Insert name here>

The Game2Learn group, headed by Dr. Tiffany Barwesild like to invite your classes to
participate in a study to give your students addal instruction in terms of data structures and
recursive algorithms. If you agree, we will tatkytour class and ask them to participate in our
study and will only take a maximum of five minuytegher at the beginning of the end of the
class period. The study will take about an hout aill teach the students about depth first
search and recursion in a video game.

If you would like to offer this opportunity to youatass, please email us with the date and time
that we can come recruit students from your class.

Thank you for your time.

Amanda Chaffin
Ph.D. Student
Computer Science Dept.

UNCC
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8.10.4 — Recruitment Poster

Research Study for Eldental: The Recurrence

Call for Study Participants

The Game2Learn group, headed by Dr. Tiffany Barisdsoking for individuals to participate
in a research study on a video game that teachassien programming concepts. This study
will explore the effectiveness of using a compiteside a video game as well as the
effectiveness of the teaching methods employedh&ygame. Your participation in this study
includes filling out a qualitative survey, takingeetest, playing the game, taking a posttest,
and taking a final survey. Participation is volmtand should take no more than one hour.

Eligibility:
English speaking
UNCC computer science student who is taking 2212245

This study is voluntary and participants may leaveat any time.

Contact Information:

Amanda Chaffin Katelyn Doran

Ph.D. Student Undergraduate Student

Address: UNCC, Woodward Hall, Room 453Address: UNCC, Woodward Hall, Room 453
Email: Katla@wulfkub.com Email: kedoran@uncc.edu

Dr. Tiffany Barnes
Address: UNCC, Woodward Hall, Room 403 E
Email: tbarnes2@uncc.edu
Phone: 704-687-8577

&
\/Z UNC CHARLOTTE
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8.10.5 — El&entatl The Recurrence’s Game Design (Brief)

Game2Learn -“ElRlental The Recurrence”

Designed and Developed by

Amanda Chaffin - Masters Student
Katelyn Doran - Undergraduate
University of North Carolina, Charlotte

Drew Hicks — Undergraduate
Marietta College

Built on the DarkWynter Game Engine
On the XNA Platform
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Abstract —

EleMentat The Recurrence, which is built on top of the Dgiter game engine, is a game
which allows students to write code in a C# compltat interacts with game objects during
run time. Because the students are 2214/2215rgRi(f@eginning programmers), we will be
selecting the variables which run inside our gaogecthis will prevent mishaps in the engine.
For example, we will take a string variable thedstut writes and use that as the player's name
(see Quest 1 for more details). The game is cetalylinclusive allowing students to enter all
of their code within the game environment. Alsecéuse we are using a C# compiler inside
the game and the students are only familiar with- @ad Java, we will provide scaffolding
code so that the students will learn the codingcstire rather than the language.

The Plot— Players play as a college student, Ele, trapp&dr own mind by the Nightmares
she has regarding your programming courses. lardaadhelp Ele escape, players must collect
her Thoughts. To complete this task, players malle to manipulate the environment and the
Thoughts with code. Aiding Ele on her journey thgb her mind is Cera Bellum, or Cera for
short. Cera will provide players with advice tdghthem towards escape.

Entering the Game—

Once the player runs the game, this is the firstestthat they see...

Figure 28: Game Entry Point

Students must complete the pre- test before bdioged to move into the game world. To do
so, they select the start pretest button in yelsvehown in Figure 28. Figure 29 shows the
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screen that pulls up upon selecting the start grétgtton. There is a series of five questions
that must be answered before the student is alldavetbve into the game world.

Figure 29: Pretest Survey

Quest 1 — Introduce Yourself and Binary Search Treg

Very simple, this quest is essentially a hello watript, in order to insure that the students are
comfortable with programming in the different emviment. The students will have
scaffolding code that they will modify to print otiteir name and tell Cera Hello. The
scaffolding code...

using System;
class Test

{
public static void MyFunction()

{

/l Tell us who you are

string name = "[enter name]";
Console.WriteLine(name);

Il Tell Cera Hello
Console.WriteLine("[enter greeting]");

}

The students will need to input their name andGelta Hello. Once the students compile and
run the code, if their changes are correct, theegaith signify that by a triumphant sound and
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an experience bonus. If the code that is comgdeadcorrect, however, they will receive
negative feedback in terms of a negative souneixtanbessage from the mentor, and a loss of
experience points. Figure 3 shows the interfaeestbdents will use, the instructions, and the
code compiled correctly.

Once the code compiles and runs, the studenthveli teceive instructions from Cera to walk
down the path that opens. As they walk down thb,ghalogue boxes (as shown in Figure 3)
pop up to walk the player through the Binary Tr@é&ey can also use the map in the upper
right hand corner of the screen (Figure 30) tordribemselves to the world.

Figure 30: Coding Interface and Hello World

As the players walk down the correct paths anday#te leaf nodes in the tree, they can pick
up Thoughts along the way, which the game direstiefi them to do. If you look at Figure
31, you can see the Thought circled in red (theughts are not circled in the game but they
are animated).
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Figure 31: Game Thought

When a student picks up a Thought, a message appedine screen to let them know they
have successfully received the Thought and thesdtHdar increases (Figure 32).

Figure 32: Successful Pickup of a Thought
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Once the student sucessfully completes the walktfir@f a Binary Search on the Tree, they
are taken to the second level.

Quest 2 — Non-Recursive Binary Search

Once the student enters the third level, theyimithediately notice that the game has changed
to an overhead third person view point and that #ve not allowed to move about freely in the
game world as shown in Figure 33.

For this level, students will be provided with “anelled” code for a depth-first traversal.
Students will compile and run this code. No chang#l need to be made by the student to the
provided code.

Upon running the code, students will be instructed/iatch as a Thought traverses the tree and
collects Thoughts on Ele’s behalf. As the Thougbwves, Cera will provide clearer instruction
of the processes taking place. The dialogue wdlicate that the “unravelled” hardcode is not
the most efficient way of creating a depth-firstviersal. This level will provide a lead-in to the
recursive coding in the next level.

Figure 33: Overhead View
Quest 3 — Code a Recursive Binary Search

The third level is nearly identical to the secoeddl in appearance and gameplay. The code
we provide the students with for this part of tlaeng is more complicated as shown by the
following scaffolding code:

using System;
using DarkWynter.Engine.Compiler;
class Test

{

public void TreeTraversal()
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{

Tree myTree = new Tree();
depthFirstSearch(myTree.root);

}
public void depthFirstSearch(Node node)

{
Thought.moveTo(node);
/IBASE CASE
if ((node.returnRight() == null) && (me.returnLeft() == null))
{
return;
}
/IRECURSIVE CASE
else

{
if (node.returnRight() '= null)

{
depthFirstSearch(node.returhi)g;
Thought.moveTo(node);

/IUse the above if statment

/lto complete the one below

[lthis if statement should let

/lyou travel to a node's left child
if [INSERT_YOUR_CODE] != null)
{

[INSERT_YOUR_CODE]

}

}

return;

}
}

The students will need to go into the code and gbdhe code where indicated by the
comments to perform a search of the tree to thie-ltfe right side and the base case are
already coded for them. If they have coded thélera correctly, their code will look like this
(changes are highlighted in blue)...

using System;
using DarkWynter.Engine.Compiler;
class Test

{

public void TreeTraversal()

{

Tree myTree = new Tree();
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depthFirstSearch(myTree.root);

public void depthFirstSearch(Node node)

{
Thought.moveTo(node);

/IBASE CASE
if ((node.returnRight() == null) && (e.returnLeft() == null))

{

return;

}
/IRECURSIVE CASE

else

if (node.returnRight() '= null)

{
depthFirstSearch(node.returhi)g;

Thought.moveTo(node);
}

//Use the above if statment

/lto complete the one below

/lthis if statement should let

/lyou travel to a node's left child
if (node.returnLeft() !'= null)

{
depthFirstSearch(node.returt(lef

Thought.moveTo(node);

}
}

return;

}
}

Once they run the code, if their code is corrda,dame will signify that by a triumphant
sound and an XP bonus. If the code that is comhmsléncorrect, however, they will receive
negative feedback in terms of a negative souneixtambiessage, and a loss of XP points.
Feedback will also be provided so students carecbtheir errors. Players will have an
indefinite number of attempts for the challenge.

If the code is correct, the game will instruct giayer to watch the Thought move (Figure 7)
through the tree. As the Thought moves througtirges Cera will provide further information
about what is actually occurring with regards te tlode. This will enhance the player’s
understanding of how recursive code runs. Alse,tiage of a stack will appear on the HUD
(Figure 8). This image will demonstrate to studdraw recursive calls will be pushed into a
stack until a value can be returned back down.
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For this level, the students will watch the Thougbtnplete a full depth first traversal of the
tree. The Thought will collect other Thoughtste teaves and then return to the root of the
tree. Successfully completing this level allows ghayer, as Ele, to escape the world.

Upon completion, the end screen appears and dssfiaypoint total for the round (Figure 34).
This point total is based off a rubric of correctle minus a time percentage.

Figure 34: Game Over Score

Once the student presses F12 as requested, thespasteen is launched as shown in Figure
35.
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Figure 35: Posttest

After the student finishes the posttest, the gamiesvthe pre and posttest questions and
answers to a log file as well as the game datah Bles are then FTP’d to a server for storage.



