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ABSTRACT  
 

Nowadays cross platform software development is more expensive than ever before in terms of 

time and effort. Meantime with increasing number of personal devices, it is harder for local 

applications to synchronize and connect to the Internet.  

 

In terms of educational games, they can be divided into ñlocal educational gameò and ñweb 

educational game.ò ñLocal gameò indicates the ones either on tablets, mobile devices or PC, 

which is an application on the corresponding platform. This kind of game mostly does not have 

backend support nor cross platform features such as the iPad version of CandyFactory. For 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 

consuming. ñWeb gameò indicates the ones on websites, which support cross platforms, but do 

not have backend support. Usually they are pure JavaScript or flash games with no backend 

recording the performances and the achievements. 

 

Software development for each individual platform is time and effort consuming. In order to 

achieve cross platform development, many programming languages and platforms like Java, 

Python, and JVM appear. Among all the cross platform approaches, cloud-based software 

development is the most universal solution to this problem. With web browsers built into every 

operating system, cloud software can be compatible with almost any device. Moreover, 

ñSoftware-as-a-Serviceò (SaaS) is becoming a new software engineering paradigm and cloud-

based software development is more popular because of its flexible scalability and cross platform 

features. 

 

In this thesis, we create a cloud-based educational game, CandyFactory, based on an iPad 

version of CandyFactory, and add backend to it to record user performance as well as 

achievements. Firstly, we re-develop the whole game from the iOS platform to the cloud-based 

Java EE platform. Secondly, we add new features to improve the game play such as ruler 

functionality and achievements animation. Thirdly, we add backend support to CandyFactory, 

including user account creation, course creation and performance report generation. With this 

functionality, teachers can monitor their studentsô performances and generate course reports. 

Moreover, teachers can view a specific studentôs report in order to provide more specific and 

effective help to their students. Lastly, with the advantages of cloud-based software development, 

we can update the whole application at any time without forcing the user to reinstall the update 

or re-download the game. With the hot update, the cloud-based CandyFactory is highly 

maintainable. 

 



  

The cloud-based CandyFactory runs on any computer that supports minimum 1024x768 screen 

resolution. The computer could be iPads, Android or Microsoft tablets, Windows or Mac laptops 

and desktops, and any other computer with a web browser. The advantages of cloud-based 

educational games over local educational games and web educational games are: firstly, they 

have cross platform features; secondly, they have backend data collection support; thirdly, they 

are consistent even if users log in with different computers, their game record and history will 

always be the same; lastly, the teacher can always keep track of his/her studentsô performance 

and provide more specific help and feedback. 
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GENERAL AUDIENCE ABSTRACT  
 

Providing services on the cloud has become universal. The term ñCloud-Basedò indicates that the 

software application runs on a server computer and users access the application by using a web 

browser anywhere and anytime.  

 

This thesis presents a cloud-based educational game called CandyFactory to teach fractions. The 

users can use CandyFactory under a web browser on an Internet-connected tablet, laptop, or 

desktop computer with minimum 1024x768 screen resolution. Userôs game performance data is 

recorded on the server computer regardless 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 generate performance reports. 

Teachers can create a course, automatically generate student accounts under a course, and 

generate performance reports for individual students or for the whole class. Students can play the 

game under the account provided by the teacher and view their performance reports. 

Administrator is a built-in account user for maintaining the cloud-based software application.  

 

By developing the cloud-based CandyFactory educational game, we provide the users a cross-

platform and cross-computers solution which helps 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 Game (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, laptop, handheld, or game console 

[Aslan and Balci 2015]. Prensky [2007] indicates that DEG-based learning has four advantages: 

it fits better with todayôs and the futureôs generations of learners, it is fun and motivating, it is 

incredibly versatile and extremely effective.  

 

CandyFactory Educational Game for iPad [Aslan, Norton, and Balci 2019; LTRG 2019] is an 

educational game that supports more powerful conceptions of fractions. Also as a Balefire Labs 

TopRated [Balefire Labs] application, CandyFactory leverages the actions of partitioning and 

iterating candy bars to teach students different fractions intuitively with interactive operations 

and animations. However, the CandyFactory iPad version can only be used on iPads. Those 

schools that do not have iPads are left out of using the CandyFactory iPad version. 

 

ñSoftware-as-a-Serviceò (SaaS) has become the software engineering paradigm of choice and 

cloud-based software development is more popular because of its flexible scalability and cross 

platform features. In the age of Internet, more software-based solutions are expected to be 

available in the cloud, which enables the use of the software under a web browser on any 

Internet-connected mobile device, laptop, or desktop computer.  

 

In order to take advantage of both the CandyFactory iPad version and the features of cloud 

software, in this thesis we design, architect and implement a Cloud-based CandyFactory. For the 

CandyFactory game, we fully reproduce all the functionalities and features. Additionally, we 

redesign several interaction techniques as well as add new features to enhance the game. For the 

cloud end, we develop a robust system supporting account creation, class creation, student 

creation, performance recording and performance report generation. With the features of cloud 

software, Cloud-based CandyFactory can be played on any browser-supported platform and the 

userôs data are synchronized through all the different devices. By just typing in the CandyFactory 

URL, users are able to get their historical data and play the game anytime and anywhere, without 

bothering installing the game in the Apple App Store [Apple App Store 2019].  

 

1.2 Statement o f the Problem  
 

The CandyFactory Educational Game for iPad [Aslan, Norton, and Balci 2019; LTRG 2019] 

received the Top 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 game-based learning, and (b) the students who 

do not have an iPad at home cannot use it outside of school. Some teachers showed great interest 

in using the app, but they could not because their schools do not have iPads for students to use. 
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1.3 Statement of the Objectives  
 

The research described herein aims to accomplish the following objectives: 

 

1. Redevelop the CandyFactory Educational Game for iPad as a cloud-based software 

application. 

2. Enable anyone to play the CandyFactory educational game anywhere and anytime using a 

web browser on any kind of Internet-connected tablet (e.g., iPad, Android tablet, 

Microsoft Surface), laptop (e.g., Mac, Windows, Linux), or desktop (e.g., Mac, 

Windows, Linux) computer with minimum 1024x768 screen resolution. 

3. Enable a teacher 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 a teacher to automatically generate performance reports in game-based learning 

either individually for each student or for the entire class.  

 

1.4 Overview of the Thesis  
 

This thesis is organized as follows: Chapter 2 describes the CandyFactory iPad version as 

background and foundational work. Chapter 3 introduces Cloud-based CandyFactoryôs five tier 

architecture. Chapter 4 describes CandyFactoryôs functionality design as well as implementation 

design. All the Cloud-based CandyFactory functionalities and new features are introduced in 

Chapter 5. Chapter 6 self-evaluates CandyFactory based on 12 software quality indicators. 

Chapter 7 provides conclusions and plans for future work.  

 

1.5 Summary of Contributions  
 

The research contributions can be summarized as follows: 

 

1. Redevelop the CandyFactory Educational Game for iPad as a cloud-based software 

application. 

2. Enable anyone to play the CandyFactory educational game anywhere and anytime using a 

web browser on any kind of Internet-connected tablet, laptop, desktop computer with 

minimum 1024x768 screen resolution. 

3. Enable a teacher 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 a teacher to automatically generate performance reports in game-based learning 

either individually for each student or for the entire class. 

5. Provide new features, such as achievements notification animation, to enhance the 

CandyFactory game. Redesign the interaction techniques.  

6. Allow CandyFactory to be updated, tested and deployed quickly without reinstallation or 

any other operations done by the user and provide CandyFactory elastic scalability.  
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7. Protect user confidential information by using industry encryption algorithm. 

8. Provide synchronization upon different devices.  

9. Optimize the data source storage space and operation time complexity.  

10. Provide students with an easy-to-memorize account as well as attractive randomly 

assigned profile image.  

11. Enable an administrator to maintain the cloud-based software application.  
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Chapter 2:  CandyFactory iPad Version  
 

ñOnly about 10% of the apps we have reviewed so far (of a total more than 3,800) have achieved 

a grade of A or B. Congratulations on your app reaching this level of excellence!ò [Balefire 

Labs], this is how Balefire Labs described the CandyFactory iPad version.  

 

CandyFactory Educational Game for iPad [Aslan, Norton, and Balci 2019; LTRG 2019] is an 

educational game that provides an effective approach for teaching fractions. By performing 

operations such as selecting, slicing (partitioning), copying (iterating), and shipping candy bars, 

students are able to intuitively learn fractions by manufacturing a whole candy bar into a 

customer requested candy bar size.  

 

2.1 Hardware and Soft ware Requirements  
 

CandyFactory iPad version runs on all generations of iPad (1, 2, 3G, 4G), iPad Air, and iPad 

Mini (1G, 2G) [Aslan, Norton, and Balci 2019; LTRG 2019].  

 

2.2 Description of Levels  
 

CandyFactory provides five levels of game play in increasing complexity. A 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 the five levels are as follows: 

 

¶ 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.  

¶ Level 2: In this level, candies are continuous and the fractions are always unit fraction. 

Different from the previous level, this level increases the candyôs difficulty but decreases 

the fraction difficulty. By doing this, we try to let the students understand how to 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.  

¶ Level 3: This level is like level 2, except the fractions can be any proper fraction. Student 

should begin understanding from 1/m to n/m.  

¶ 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 instead of pure theoretical concepts. Also based on the previous levels, 

CandyFactory provides a very smooth learning curve for the students. 



  5 

¶ Level 5: This level does reverse operations to level 4. As a wrap up level, the student can 

learn fractions from a different aspect thus give and test their whole understanding of all 

kinds of fractions. 

 

Through the five levels, students are able to gain a smooth, effective and efficient learning curve 

on fractions.  

 

2.3 Game Mode Introduction  
 

CandyFactory iPad version provides two game modes: Tutorial Mode and Game Mode. In 

Tutorial Mode, students are guided by a CandyFactory Manager to learn the game procedure and 

game operations. In Game Mode, students are able to play the game themselves in order to learn 

fractions efficiently and effectively.  

 

2.3.1 Tutorial Mode 
 

The Tutorial Mode contains five levels corresponding to each level in Game Mode. The 

ñTUTORIAL MODEò on the top of the level selection page indicates that the player is in 

Tutorial Mode (Figure 1). Players can select any level to start the tutorial mode, or choose to go 

back to main menu.  
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Figure 1. iPad CandyFactory Tutorial Mode Level Selection 

Under each level, there is a CandyFactory Manager who explains how CandyFactory is played 

and guides the user throughout the gameplay (Figure 2). With the guided hands-on tutorial, users 

can learn how to play the game with selecting, slicing, copying and shipping the candy bars as 

well as learn the basic interaction techniques CandyFactory provides, such as slice and drag-and-

drop.  
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Figure 2. iPad CandyFactory Tutorial Mode Manager 

During the Tutorial Mode, the timer is off so that users are not stressed under time constraint 

while learning how to play the game. Also users can pause or quit the tutorial mode at any time 

by clicking the pause button on the top right corner.  

 

2.3.2 Game Mode 
 

In the Game Mode, with the initial lock option in the ñOptionò menu, all the levels are locked 

except the first level. Only when users pass the previous level will  the next level be unlocked 

(Figure 3).  
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Figure 3. iPad CandyFactory Game Mode Level Selection 

When users play each level for the first time, they are forced to pass the corresponding Tutorial 

Mode (Figure 2) for the first game round. Only by passing the Tutorial Mode for the first time, 

users will  then be able to play by themselves.  

 

CandyFactory iPad version allows the users to unlock all the levels under the ñOptionò menu, 

thus the users have access to any of the five levels without passing the previous level.  

 

The timer for the CandyFactory iPad version is three minutes, users can turn on and off the timer, 

but unable to change the timerôs time. Also during Game Mode, some of the customer orders are 

bonus orders, in this case by correctly finishing the order, the users can get bonus cash in the 

game.  

 

2.4 Level Details  
 

In this section, we are going to introduce each levelôs details with figures to give a better 

understanding of CandyFactory. In cloud-based CandyFactory, we reproduce all the 

functionalities as well as enhance the core features on the cloud. By doing this, cloud-based 
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CandyFactory not only inherits all the advantages of the iPad version CandyFactory, but also 

introduces new cloud features and paradigms to make the whole system more powerful. 

 

2.4.1 Level 1 ï Discrete Candy of Proper Fraction 
 

In Level 1, all the candies are discrete and the fractions are proper fractions (Figure 4). With 

discrete candies, users can easily count the number of the customer candies and the whole candy 

bar. In this case, CandyFactory provides the user with a player friendly starting level, which can 

help the user to be familiar with the game and learn the most basic fraction ï proper fraction.  

 

 
 

Figure 4. Level 1 Candy Selection 

 

2.4.2 Level 2 ï Continuous Candy of Unit Fraction 
 

In Level 2, CandyFactory increases the candy barsô difficulty but decreases the fractionsô 

difficulty in order to provide the user a smooth difficulty curve. In this level, all the customer 

candy bars are continuous but the fractions are unit fraction, which means the fractions are 

always 1/n (Figure 5). 

 



  10 

 
 

Figure 5. Level 2 Candy Selection 

By offering this level, CandyFactory starts to introduce continuous concepts to the users, 

meantime paves the way for the more advanced levels. From this level, users will operate on 

continuous candy bars which are harder to count the length of. Thus users may need to use 

external measuring tool to compare and produce the required length and fractions.  

 

2.4.3 Level 3 ï Continuous Candy of Proper Fraction 
 

After being familiar and comfortable with continuous candy bar, CandyFactory increases the 

fractionsô difficulty by changing the unit fractions to proper fractions (Figure 6). 

 



  11 

 
 

Figure 6. Level 3 Candy Selection 

After playing Level 2, the users have already been familiar with the continuous candy bar. By 

playing Level 3, users can further learn proper fraction on continuous candy bar. With 

measuring, selecting, copying and shipping the candy bars, users are able to learn proper 

fractions intuitively and efficiently.  

 

2.4.4 Level 4 ï 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 is 1/5. But understanding improper fraction can be hard, for example cutting 

a pizza into 5 piece, then what is 6/5 of the pizza? CandyFactory, by providing Level 4, can help 

students understand improper fraction intuitively as well. With customer orders, students are 

going to slice on a shorter candy bar (Figure 7). By concatenating and iterating them one by one 

to form the customer candy bar, students can have a very vivid situation where an improper 

fraction will be used.  
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Figure 7. Level 4 Whole Candy Bar Shorter Than Customer Order 

By finishing Level 4, students have already learned proper fractions as well as improper fractions. 

And through Level 1 to Level 4, CandyFactory provides a smooth difficulty curve, an effective 

learning method and an efficient, intuitive way for teaching fractions.  

 

2.4.5 Level 5 ï Continuous Candy of Reverse Fraction 
 

Level 5 is a reverse level of Level 4. Through Level 1 to Level 4, students should have learned 

proper and improper fractions on continuous candy bars. In this level, CandyFactory intends to 

help students use fractions flexibly, thus introduces reverse fractions.  

 

In this level, the student is given a wrong candy to recover it to a whole (Figure 8). 
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Figure 8. Level 5 Reverse Fraction 

By finishing this level, students can understand fractions from a different aspect. Compared to 

previous levels, this level has a different play 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 whole candy bar; thirdly, by partitioning and iterating, 

students can finally correct that candy bar and deliver it to the customer. According to the game 

process, this level makes CandyFactory game more fresh and attractive, therefore helps students 

to learn fractions through play and fun.  

 

2.5 Scene Details  
 

CandyFactory iPad version has five levels. Each level contains four scenes and within each 

scene, users can perform different actions to produce customer candy bars.  

 

In this section, we are going to introduce each individual sceneôs details with an example of 

Level 1.  
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2.5.1 Scene 1 ï Candy Selection 
 

In this scene, there are three candy jars on the top and a customer order at the bottom (Figure 9). 

Users can click on any of the candy jars to select a candy bar in order to make the customer 

candy. In Figure 9, in order to make a correct customer candy, users are supposed to select the 

chocolate bar under the third candy jar.  

 

 
 

Figure 9. Scene 1 Candy Selection 

After selecting the candy bar, users can click on the green arrow to go to the next scene with the 

selected candy bar.  

 

2.5.2 Scene 2 ï Candy Partition 
 

In this scene, users are required to slice the selected candy bar into units. There are nine slicing 

numbers which users can choose from (Figure 10). By choosing a slicing number, there will be 

dash lines indicate the slices. In Figure 10, the user select to slice the candy bar into 3 pieces, so 

there are 2 dash lines on the candy bar.  
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Figure 10. Scene 2 Candy Partition 

After slicing the candy bar and getting the unit candy, users can click the right green arrow to go 

to the next scene with the unit candy, or click the left green arrow to go to previous scene to redo 

the candy selection.  

 

2.5.3 Scene 3 ï Candy Iteration 
 

In this scene, users are required to copy the unit candy several times to make the customer order. 

Users can drag-and-drop the unit candy into the white box to concatenate them one by one 

(Figure 11). Meantime, the green fraction will keep updating when the user modifying the candy 

bar, to reflect the current fraction the manufactured candy represents.  

 




























































































































