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ABSTRACT

Nowadays cross platform software devehgmtis moreexpensivehan ever beforen terms of
time and effort. Meantime with increasing number of personal devices, it is Hardecal
applications teynchronize andonnect to the Internet.

I n terms of educational games, they can be d
educational gamé A L oc all gameo indicates the ones &eit
which is an application on the corresponding platform. This kind of game mostiyndoesve

backend support nor cross platform features sudhea®ad version ofCandyFactoryFor one

specific game, if the developer wants it to run on iPad and Android tablets, they need to develop

two applications based on corresponding development framework, which is time and effort
consumi ng. A We b g a mewnebsites,which suppod sross ptadorms, o do o0 n

not have backend support. Usually they are pimeaScriptor flash games with no backend
recording the performances and the achievements.

Software development for each individual platform is time and effarswming In order to
achieve cross platform development, many programming languages and pldikerrdava,
Python and JVM appear. Among all the cross platform approaches, dbasdd software
development is the most universal solution to this probleith Web browses built into every
operating system, cloud software can be compatible with almost any device. Moreover,
A Sttavare-asa-Servic® (SaaS)is becoming a new software engineering paradigm and cloud
based software development is mpopular because of its flexible scalability and cross platform
features.

In this thesis we create a cloudased educational gam€andyFactory based on anPad

version of CandyFactory and add backend to it to record user performance as well as
achievenents. Firstly, we relevelopthe whole game fronthe iOS platform tothe cloud-basel

JavaEE platform. Secondly, we add new features to improve the game play sualeras
functionality and achievements animation. Thirdly, we add backend support to Cartdyf;a
including user account creation, course creation and performance report generation. With this
functionality, t eacher s ¢ asandngemerate @aursetrdyserti r st
Moreover, teachers can vieavss pe ci f i ¢ st u der totprovide moeepspecific andn o r
effective help to their students. Lastly, with the advantafjieoud-based software development,

we can update the whole application at #me withoutforcing the usetto reinstall the update

or redownload the game. Wi the hot update, the clodmhsed CandyFactory is highly
maintainable.



The cloudbased CandyFactory rsion anycomputerthat suppors minimum 1024x768 screen

resolution Thecomputercould be iPads, Androidr Microsofttablets,Windows or Madaptops

and desktopsand any othercomputerwith a web browser. The advantagef cloudbased

educational ganteover local educational gam@nd web educational gasare: firstly, they

havecross platform features; secondiigey have backend data coll&ion support; thirdlythey

areconsistent even ifiserslog in with differentcomputerstheir game record and history will
always be the same; lastly, the teacher can always keep track of his/her éjpeldotsnance
and provide more specific help arektiback.
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GENERAL AUDIENCE ABSTRACT

Providingservicesont he ¢l oud has become-Basieder s aldi chhes:
softwareapplication runs on a server computer and users access the appbyatising a web
browseranywhereand anytime

This thesigresentsa cloudbased educational gamdled CandyFactory to teach fractions. The

userscan use CandyFactoryundera web browseon an Internetonnected tablet, laptop, or

desktop computer with minimum 1024x768 screen resoluticher 6 s game per f or me
recorded on the server computegardless of which tablet, laptop, or desktop computer the user

uses to play the game.

Cloud-based CandyFactory has four kinds of users: Individual, Teacher, Student, Administrator.
Individual users can play the game to learn fractions as well as geperfdemance repost
Teacherscan createa course automatically generate student accouutgler a course and
generate performance reports for individual students or for the whole &ladsntscan play the

game under the account provided by the teaclaerd view their performancerepors.
Administratoris a builtin account user for maintaining the clebdsedsoftware application

By developingthe cloudbased CandyFactomducational gamewe provide the users a cress
platformandcrosscomputerssolution whichhelps the teachers and students learn fractions more
efficiently and effectively.
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Chapter 1: Problem Definition and Overview

1.1 Introduction

A Digital Educational Gamé¢DEG) is a game created for the purpose of teaching a subject in

the form of software that runs on a computer such as desktop, laptopeldamdiyame console

[Aslan and Balci 2015Prensky [200Findicates that DE@ased learning has four advantages:

itfits better with todayo6s atisdunant reotiatingitisr e s g et
incrediblyversatileandextremely effective.

CandyFactory Educational Game for iPpfislan, Norton, and Balci 2019; LTRG 2(18 an
educational gam#hatsupports more powarf conceptions of fractiong\lso as eBalefire Labs
TopRatedBalefire Lab$ application, CandyFactory leverages the actions of partitioning and
iterating candy bars to teach studentfecent fractions intuitively with interactiveperations
and animationddowever,the CandyFactory iPad version can onlyusedon iPads Those
schools that do not have iPads are left out of usie@andyFactory iPad version.

A StwdreasaServic® (SaaShasbecone the software engineering paradigmh choiceand
cloud-based software development is more popular because of its flexible scalability and cross
platform featuresin theage ofinternet,more softwarebased solutions are expected to be
avdlable in the cloud, which enables the use of the software under a web browser on any
Internetconnected mobile device, laptap desktop computer

In order totake advantage of bothe CandyFactory iPad versi@ndthe features ofloud
software,in thisthesiswe design, architect andhplement a Cloudased CandyFactorior the
CandyFactory gamevye fully reproduce all the functionalities and featusdditionally, we
redesigrseveral interaction techniques as well as add new features to enhance theogémee.
cloud end, welevelop aobustsystem supporting account creatiolass creation, student
creation, performance recording and performance report genekstichrthe features of cloud
software,Cloud-based CandyFactooan be played on any browsarpported platform and the
u s e r Oasesydchrbn&zed through all the different deviddg.just typing in theCandyFactory
URL, users are able to get their historical datd play the gamanytimeandanywhere without
bothering installinghe game irthe Apple App Store [AppléApp Store2019.

1.2 Statement o f the Problem

TheCandyFactory Educational Game for iPpislan, Norton, and Balci 2019; LTRG 2019
received thdop Rated award from Balefire Labs [Balefire Labs 2019]. However, teachers using
the iPad game in teaching fractions to middle school students have complained that (a) they are
unable to see how the students are performing in g¢msed learningand (b) he students who

do not have an iPad at home cannot use it outside of s@wok teachers showed great interest

in using the app, but theypuldnot because their schools do not have iPads for students to use.



1.3 Statement of the Objectives
The researchakcribed herein aims to accomplish the following objectives:

1. Redevelop th€andyFactory Educational Game for iPad a clouebased software
application.

2. Enable anyone to play the CandyFactory educational game anywhere and anytime using a
webbrowser orany kind of Internetconnected tablge.g., iPad, Android tablet,
Microsoft Surface)laptop(e.g.,Mac, Windows, Linux)or desktoge.g., Mac,
Windows, Linux)computer with minimum 1024x768 screen resolution

3. Enable a teacher to create a class at a scaommatically generate student accounts in
that class, and provide the usernames and passwords for the students to use to play the
game.

4. Enable a teacher to automatically generate performance reports irbgaatklearning
either individually for each atlent or for the entire class.

1.4 Overview of the Thesis

Thisthesisis organized as follows: Chapter 2 descrithesCandyFactory iPad version as
background and foundatiahwork. Chapter 3 introduces Clolda s ed Candy Fact or
architecture. Chapter 4 describes CandyFact
design. All the Clouébased CandyFactory functionalities and new features are introduced in
Chater 5. Chapter 6 setivaluates CandyFactory based ors@warequality indicators.

Chapter 7rovidesconclusiors and plangor future work.

y 0!
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1.5 Summary of Contributions
The research contributions can be summarized as follows:

1. Redevelop th€andyFactoy Educational Game for iPaas a clouebased software
application.

2. Enable anyone to play the CandyFactory educational game anywhere and anytime using a
web browser on any kind of Interrebnnected tablet, laptop, desktop computer with
minimum 1024x768 seen resolution.

3. Enable ateacher to create a class at a school, automatically generate student accounts in
that class, and provide the usernames and passwords for the students to use to play the
game.

4. Enable ateacher to automatically generate performapogts in gamdased learning
either individually for each student or for the entire class.

5. Providenew features, such as achievements notification animab@mhance¢he
CandyFactory gam&edesign the interaction techniques.

6. Allow CandyFactory to bepdated, tested and deployed quickly with@inmstalktion or
any other operations done the useiand provide CandyFactory elastic scalability



7. Protect user confidential informatiday usingindustry encryption algorithm.
8. Provide synchronization upon different devices.
9. Optimizethe data source storage spaoé operation time complexity.

10. Provide studemstwith aneasyto-memorize account as well as attractive randomly
assigned profile image.

11.Enable aradministrator tanaintain the clouebased software application



Chapter 2: CandyFactory iPad Version

AOnly about 10% of the apps we have reviewed
a grade of A or B. Congratul ati on {Balefie your ap
Labg, this is how Balefire Labs describ#dtke CandyFactory iPad version.

CandyFactory Educational Game for iPpfislan, Norton, and Balci 2019; LTRG 20418 an
educationagamethatprovidesan effective approach for teaching fractioBg performing
operations such aglecting, slicindpartitioning) copying(iterating),and shipping candy bars,
students are abte intuitively learn fractionby manufacturingawhole candy bar inta
customer requested candy sare

2.1 Hardware and Soft ware Requirements

CandyFactory iPad version runs on all generations of (Pa2 3G, 4G), iPad Air, and iPad
Mini (1G, 2G)[Aslan, Norton, and Balci 2019; LTRG 2019

2.2 Description of Levels

CandyFactoryrovidesfive levels ofgame play irnncreasing complexityA tutorial mode

teaches how to play each level step by step by an animated CandyFactory Manager. The player
mode lets the students to explore and learn themselves by operating on different kinds of candy
bar.

The description of théve levels are as follows:

1 Level 1:In this level, candies are discrete and the fractions are always proper fraction. In
this case, students can explore the proper fraction intuitively, and the discrete candies
make this level easier to measure.

1 Level2: In this level, candies are continuous and the fractions are always unit fraction.
Different from the previous | evel, this |e
the fraction difficulty. By doing this, we try to let the students underdtamdto measure
a continuous candy bar instead of a discrete one, meantime as the fraction is easier, we
can keep a smooth learning curve when the students explore and learn.

1 Level 3:This level is like level 2, except the fractions can be any properdna&tudent
should begin understanding from 1/m to n/m.

1 Level 4:This level is like level 3, but the fractions can be any fractions including
improper fraction. In this case, students can learn improper fraction intuitively by slicing
and copying insteadf pure theoretical concepts. Also based on the previous levels,
CandyFactory provides a very smooth learning curve for the students.



1 Level 5:This level desreverse operations to level 4. As a wrap up level, the student can
learn fractions from a diffent aspect thus give and test their whole understanding of all
kinds of fractions.

Throughthe five levels, students are albdegain a smooth, effective and efficient learning curve
on fractions.

2.3 Game Mode Introduction

CandyFactory iPad versigrovides two game mode$utorial ModeandGame Modeln
Tutorial Mode students are guided layCandyFactory Manag#y learn the gamprocedureand
game operationsn Game Modgestudents are able to play the game themséiveer to learn
fractionsefficiently and effectively.

2.3.1 Tutorial Mode

TheTutorial Modecontains five levels corresponding to each levé&ame ModeThe

ATUTORI AL MODEO on the top othatthdhpayerigimel sel ec
Tutorial Mode(Figurel). Players can select any levelstart the tutoriainode, or choose to go

back to main menu.



TUTORIAL MODE

LEVEL ONE

Figurel. iPad CandyFactory Tutorial Mode Level Selection

Under each levethere is a CandyFactory Manager who explains how CandyFactory is played
andguides the user throughout the gamepkgyre2). With the guided handsn tutorial, users
can learn how to play the gaméth selecting, slicing, copying and shipping the candy bars

well as learn the basic interaction techniques CandyFactory provides, such asddiceand
drop.



@

GET CANDY

Welcome to the Level 1 Tutorial!

Now, | will introduce you to Level
1 game elements and explain how
the game is played.

Tap anywhere on the screen
to continue.

Figure2. iPad CandyFactory Torial Mode Manager

During theTutorial Mode the timer is off so thaisers are not stressed under time constraint
while learning how to play the gam&lso users can pause or gthietutorial mode aany time
by clicking the pause button on the top tigbrner.

2.3.2 Game Mode

In the Game Modewith the initial lock option irthei O p t menu, all the levels are locked
except the first levelOnly whenuserspass the previous leveill the next level be unlocked
(Figure3).



A LEVEL

’LEVEL

TWO

LEVEL ONE

Figure3. iPad CandyFactory Game Mode Level Selection

Whenusersplay each level for the first timehey areforced to pass the correspondifgtorial
Mode(Figure2) for the first game round®nly by passing th&utorial Modefor the first time,
userswill thenbe able to play by themselves.

CandyFactory iPad version allswhe users to unlock all the levels undtefi Opt i ond menu
thus the usersaveaccess to any of the five levels without passing the previous level.

The timer forthe CandyFactory iPad versiontisreeminutes,users can turn on and off the timer,
but wunabl e t o c¢ hAsmdyrengGarheeModesomeof thescustornemarders are
bonus ordes; in this case by correctly finishing the ordére users can get bonus casthe

game.

2.4 Level Details

Int his section, we are going totogivedabeteduce each
understanding of CandyFactoig.cloudbased CandyFactory, wepreduce all the
functionalities as well as enhance the core featmaste cloudBy doing this, abud-based



CandyFactory not onliynherits all the advantagesf theiPad version CandyFactory, but also
introduces new cloudfeaturesandparadigmdo make the whole system more powerful.

2.4.1 Level 11 Discrete Candy of Proper Fraction

In Level ] all the cadiesare discrete and the fractions are proper fractibiggire4). With

discrete candies, users can easily count the number of the customer candies and the whole candy
bar.In this case, CandyFactory provides user with a player friendly starting level, which can

help the useto be familiar with the gamandlearn tle most basic fraction proper fraction.

Figure4. Level 1 Candy Selection

2.4.2 Level 21 Continuous Candy of Unit Fraction

In Level 2 CandyFactory increases the candysbdifficulty but decreases the fracti®ord
difficulty in order to provide the user a smooth difficulty cunwvethis level,all the customer
candy bars are continuous but the fractions are unit fraction, which mhedinactions are
alwaysl1/n (Figureb).
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EEAND N

CURRENT_ORDER

Figure5. Level 2 Candy Selection

By offering this level, CandyFactostarts to introduce continuous concepts to the users,
meantime paves the way for the more advanced léwalm this level, users will operate on
continuous candy bars whieleharder to count the length dthus users may ne¢d use
external measuring tool ttompare and produce the required length aradifnas.

2.4.3 Level 31 Continuous Candy of Proper Fraction

After being familiar and comfortable with continuous candy bar, CandyFactory increases the
fractiors difficulty by changing the unit fractions to proper fractigrggure6).

1C
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GET CAND

Figure6. Level 3 Candy Selection

After playingLevel 2 the users have alreabgenfamiliar with the continuous candy bdy
playingLevel 3 users can further learn proper fraction on continuous candyMitr .
measuring, selecting, copying and shipping the candy bsess are able to learn proper
fractions intuitively and efficiehy.

2.4.4 Level 41 Continuous Candy of Improper Fraction

For most students, proper fraction is intuitive and easy to understand, for example cutting a pizza
into 5 piece, 1 piece 5. But understanding improper fraction can be hard, for example cutting
apizza into 5 piece, then what65 of the pizzaZTandyFactory, by providingevel 4 can help
students understamehproper fraction intuitively as wellVith customer orderstudents are

going to sli@ ona shorter candy bdFigure7). By concatenating and iterating them one by one

to form the customer candy bar, students can have a verysitwadionwhere an improper

fraction will be used.

11



CURRENT_ORDER

Figure?. Level 4 Whole Candy Bar Shorter Than Customer Order

By finishingLevel 4 studentdave already learngutoper fractions as well as improper fractions.
And throughLevel 1to Level 4 CandyFactory provides a smooth difficulty curve, an effective
learning method and an efficient, intuitive wiay teaching fractions

2.45 Level 51 Continuous Candy of Reverse Fraction

Level 5is a reverse level dfevel 4 ThroughLevel 1to Level 4 students should have learned
proper and improper fractision continuous candy bars this level,CandyFactory intends to
helpstudentaise fractions flexiblythus introducgreverse fractios

In this levelthe students givena wrong candy to recover it to a whokedqures8).

12



o |
GET CANDY '

Some of the other workers mad
mistakes, and we need you to fix them.
These candy bars are fractions of what™
the customer really wanted.
We need you to make the WHOLE
customer order from these fractions.

00

Pick an incorrectly manufactured candy from a jar to make it as a whole.

Figure8. Level 5 Reverse Fraction

By finishing this levelstudents can understand fractions from a different agpentpared to
previous levels, this level has a differgidy pattern: firstly, students can pick any of the candy
bars in the jar; secondly, since the picked candy is made by the factory worker by mistake,
students are required to correct it into a whaledy bar; thirdlypy partitioning and iterating,
studens can finally correct that candy bar and deliver it to the custofw®ording to the game
processthis level makes CandyFactory game mioesh andattractive, therefore helps students
to learn frations through plagnd fun

2.5 Scene Details

CandyFactoy iPad version has five levelsagh level contains folgcenes and within each
scene, users caerformdifferent actions t@roduce customer candy bars.

In this section, we are goingtointrodeea c h i ndi vi dual sceneds det ai
Level 1

13



2.5.1 Scene 11 Candy Selection

In this scenethere are three candy jars on the top and a customer order at the (fagiom®9).

Users can click on any of the candysjar select a candy bar order tomake the customer

candy.In Figure9, in order to make a correct customer candy, users are supposed to select the
chocolate bar under the third candy jar.

Figure9. Scene 1 Candy Selection

After selecting the candy bar, users can click on the green argatb the next scene withe
selected candy bar.

2.5.2 Scene 21 Candy Partition

In this sceneysers are required to slice the selected candy bar into Tinéee are nine slicing
numbers which users can choose figigure10). By choosing a slicing number, there will be
dash lines indicate the slices.Figure 10, the user select to slice the candy bar into 3 pieces, so
there are 2 dash lines on the candy bar.

14



Figure10. Scene 2 Candy Partition

After slicing the candy bar and gjeg the unit candyusers can click the right green arrtmgo
to the next scene with the unit candychbiek the left green arrow to go to previous scene to redo
the candy selection.

2.5.3 Scene 31 Candy Iteration

In this sceneysers are required to copy the unit candy several times to make the customer order.
Users can dragnddrop the unit candy into the white box to concatenate thagrby one

(Figurell). Meantimethe green fraction will keep updating when the user modifying the candy
bar, to reflect the current fraction the manufactured candy represents.
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