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Abstract

Learning computer programming requires problem-solving skills, coding skills and algorithmic skills which are complex and
difficult to master. Computer programming is difficult because of its essence in creating a solution that requires translating it in a
language understood only by the computer. This poses barriers like anxiety, panic, stress, grief and frustration to novice
programmers. The purpose of this study was to design and develop a gamified content for selected topics of basic Java computer
programming for freshman college students of Mindanao State University Tawi-Tawi College of Technology and Oceanography.
The game follows the Player-Centered, Iterative, Interdisciplinary and Integrated framework. The idea of using Gamification was
adopted in the development of the gamified content. The game was evaluated using Octalysis by seven subject experts from the
Institute of Information and Communications Technology. The overall rating of the game resulted to have proper motivation for
Gamification.
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1. Introduction

In recent years, there has been an increasing interest in programming education around the world [1]. The
continuous increase and development of technology has generated a high demand for [2]. Programming skills are
needed as a core competency for computer courses (e.g., Computer Science, Information Technology, and Information
Systems) [3,4,5]. Learning computer programming requires problem-solving skills, coding skills and algorithmic
skills which are complex and difficult to master [6]. Unfortunately, many college students have trouble in learning
these skills.

In the Philippines, according to JobStreet.com [7], programmers are the highest paid professionals. Unfortunately,
students wanting to learn how to program are having difficulties. Students undergo rigorous laboratory exercises and
requirements to learn computer programming. Learning the subject is needed to survive higher applications of
programming like binary numbers, syntaxes, algorithms, logic circuits, data structures, system analysis and design
and other problems [8]. According to Bringula, Aviles, Batalla, Borebor, & Uy [9], computer programming is difficult
because of its essence in creating a solution that requires translating it in a language understood only by the computer.
This poses barriers like anxiety, panic, stress, grief and frustration [10,11] to novice programmers.

Recent researches used the idea of Gamification, an emerging technology and considered a trend that is at the peak
performance and a key trend in the information technology business that was represented in the Gartner Hype Cycle
[12] in 2011 produced by Gartner Incorporated. Many researches used Gamification like Bittner and Shipper [13],
and Hamari [14]. They used Gamification in commerce to engage users and promote an increase in trading activity;
Laskowski and Badurowicz [15], Lui [16], and Barata et al. [17] used Gamification to promote better learning
outcomes in schools. There researches have observed that Gamification can be an enticing method or strategy to
promote student engagement [18] in learning computer programming.

So, in this study, it is aimed to design and develop a gamified approach on the basics of Java computer programming
that will engage students in learning the basic topics of Java computer programming. The game Learn Your Way Out
was developed to serve as a supplementary teaching tool for students taking computer programming.

2. Review of related literature

This section presents various related literatures and related studies critically reviewed by the researcher integrating
game elements used for design and development of this study.

2.1. Game elements

Game elements are considered in designing a gamified content. Many researchers [19,20,21,22] have different
representations of game elements. Flatla, et. al., [20] identifies four game elements: (1) Challenge. The game needs to
have something a player engage into to gain rewards when accomplished. (2) Theme. Putting the whole game in a
fantasy setting, letting the player experience an imaginary world or feeling. (3) Reward. Reinforcement of the
accomplished task of the players. This may include sound or simple animations. (4) Progress. This is in a way another
form of reward in the game where the player moves to another level where more challenges and rewards await. This
could also be represented as high scores in the game.

Some like Pavlas, et. al., [19] and Bedwell, et. al., [21] have identified their game elements based on the work of
Wilson et al [2]. These elements are (1) Adaption, where level of difficulty of the game is dependent on the skill of
the player [23]; (2) Assessment. The scores obtained in the game [24]; (3) Challenge, which is the level of difficulty
of the game in order to achieve its goals [25,26]; (4) Conflict. This is where the story of the game revolves [27]; (5)
Control. This is giving your players the manipulate the elements of the game bound by the game rules and mechanics
[25]; (6) Fantasy. The imaginary parts of the game. It can be the world itself, the characters or even scenarios [25,28];
(7) Interaction (equipment). The ability of the players to change or manipulate the game [23]; (8) Interaction
(interpersonal) is the face-to-face interaction between payers in real life and not just in the game world [27]; (9)
Interaction (Social). This is the interaction of the players that happen in-game [23]; (10) Language /Communication.
A part of the game the game and the player would be able to understand each other [26]; (11) Location. This refers to
the physical or digital world the game takes place. This can be a real world, imaginary or augmented [26]; (12)
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Mystery. This is the unknown parts of the game that evoke curiosity to the players [25]; (13) Players. Objects or people
that are included in the story of the game [26].

Others, like Kapp [22] presented game elements as (1) Mystery. The inconsistencies of the game that arouses the
players’ curiosity. Kapp refers to this as the "what happened and why" element; (2) Action. This is what the players
are doing in the game when it starts; (3) Challenge. This is how to accomplish the game based on the tasks given to
the player. This in turn gives incentives or rewards to the player done; (4) Being at risk. Loosing something earned
from challenges in-game when mistakes are made is what keeps players engaged. (5) Uncertainty. when the player
does not know what will happen next, it raises suspense, intrigue, and enables them to focus their attention om the
task in the game; (6) Opportunity for mastery. When players can accomplish in-game tasks faster or more efficient,
this is what many players want to achieve in the long run. Even if the players loose at some point, them being master
of the game is always evident, in the form of badges, or high scores in leaderboards; (7) Progress. Badges and high
scores in leaderboards best represent the progress of players in-game; (8) Emotional content. Engage the players by
letting them feel emotions during game play. This can range from frustrations, which can sometimes lead to the player
to push on, anger, or happiness. For this study, game elements represented by Flatla, et. al. [20] was used in the
development of Learn Your Way Out.

3. Methodology

The design and development of the game follows a structure based on the on the Player-Centered, Iterative,
Interdisciplinary and Integrated framework of Vanden Abeele et, al. [29] illustrated in Fig. 1. First level starts with
identification of the topics to be gamified. Data gathered from programing instructors like basic topics on basic
programming arithmetic, branching statements, and loops were integrated in the game since these topics are the basic
knowledge needed as foundation and used for higher programming applications. After determining the topics, game
concept analysis was made to identify the main objective of the game, the rules and mechanics and the game elements
to be integrated in the game. Second level started with the creation of a storyboard. The storyboard is a system and
application design that contains details of the programming, audio script, and detailed description of elements like
text, video, graphics and animation [30]. Once a storyboard is planned out the next step is to create a paper prototype
to provide a lifelike miniature version of the design and an initial game design document which contains the entire
events that can occur in the game (i.e. game mechanics, game flow, story, levels, characters). And lastly, the game
development, Learn Your Way Out was developed using HTMLS.

CONCEPT GAME GAME
/ DESIGN \ / DESIGN \ /“ DEVELOPMENT _\

= —
® Programming Topic e Storyboard Graphics Audio
Selection Modelling [=——: Silitics
s Paper Prototype
s Game Concept I l
Analysis
e Initial Game Design Play Assembling
Document Test fes=——=| and
o  Game Element Programming
Analysis
\ / - \ / A \ s Final Prototype /

Fig. 1. Game design and development concept design.

The game was developed using HTMLS because it supports for full screen game adjustments and allows users to
play games without the annoying message “Plugin required” [31]. Applications and games created in HTMLS5 can run
natively on any device through a browser. Also, it allows developers to use other cutting edge features such as WebGL
(a graphic library that allows 3D rendering for 3D games), audio APIs (Application Programming Interface) and with
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the connection of CSS3 (Cascading Style Sheet Version 3) can support transitions, animations, hardware-acceleration,
media playback and local storage of application data [32].

The Octalysis framework in Fig. 2 was used to evaluate whether the game has a good motivation of gamifying a
non-gamified content. It evaluates Gamification based on the eight (8) core drives:

Epic meaning and calling. This refers to the need to participate in something bigger than just yourself.

Development and accomplishment. This is about motivating people because they feel that they are improving,

they are leveling up and achieving mastery.

Empowerment of creativity and feedback. This is the core drive that motivates people to incorporate their

creativity, try different combinations and strategies, seek feedback and adjust.

Ownership and possession. This is the primary core drive that motivates people to accumulate possessions,

improve them, protect them and get more of them.

Social influence and relatedness. This refers to the activities motivated by the influence of other people (e.g.,

by what other people do or think).

Scarcity and impatience. This is what motivates people to want something they cannot have (e.g., because it is

not immediately or easily obtainable).

o Unpredictability and curiosity. This refers to the willingness to discover the unknown outcome and involves
chance.

e Loss and avoidance. This refers to the motivating factors that help people avoid situations they do not want to

happen (e.g., to die in a game).

-Narrative -Beginners Luck
-Elitism -Free Lunch
-Deestiny Child
-Creationist

-Status Points
-Badges (Achievement Symbals)
-Fixed Action Rewards (Earned Lunch)

-Humanity Hero

-Revealed Heart -Milestane Unlocks

-Real-Time Control

-Leaderboard
-Progress Bar -Evergreen Combos
-Quest Lists -instant feedback
-Dessert Oasis -Boosters
-High Five -Blank Fills
~Crowning M eaning -Plant Pickers
-Anticipation Parade -Poison Pickers
-Aura Effect
.;t:,i ?g:::p s e Accomplishment ~ Empowerment

-Friending

-Social Treasure/Gifting
-Exchangeable Points SeeSaw Bump
Virtual Goods -Group Quests
-Build from Scratch - -Tout Flags
-Alfred Effect Ownership Social
-Collection Sets Influence “Brag Button
-Avatar Water Cooler
-Protection ~Conformity Anchors
-Recruiter Burden -Mentorship
-Monitor Attachment -Social Prod

-Appointment Dynamics

Scarcity

Unpredictability

Avoidance

-Glowing Chaice

-MiniQuests
-Magnetic Caps -Visual Storytelling
-Dangling -Easter Eggs
-F'r-zs Pacing -Random Rewards
-Options Pacing -Obvious Wonder
-Last Mile Drive -Rolling Rewards
-Count Down Timer -Sunk Cost Prison -Status Quo Sloth -Evolved UI

-Torture Breaks
-Moats
-The Big Burn

-Progress Loss
-Rightful Heritage

-Evanescence Opportunity

-Scarlet Letter
-Visual Grave

-FOMO Punch

Fig. 2. Octalysis framework: 8 core drives.

-Sudden Rewards
-Oracle Effect
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Core drives on the right side of the Fig. 2 are represented as right brain core drives which are related to creativity,
self-expression, and social aspects. The core drives on the left side of Fig. 2 are represented as left brain core drives
which are related to logic, calculations, and ownership.

Right brain core drives represent intrinsic motivators: users do not need goals and rewards to be creative; the
activity itself is rewarding on its own. On the other hand, left brain core drives represent extrinsic motivators: users
are motivated because they want to obtain something. According to Yu-Kai Chou [5], it is much better to create game
experiences that motivate the right brain core drives where games are fun and rewarding that users are continuously
engaged in the activity.

Another element to note within Octalysis is that the top core drives are considered as very positive motivators
called White Hat Gamification, while the bottom core drives are considered as negative motivators called Black Hat
Gamification. The representation of negative motivators in Black Hat Gamification does not mean that the application
of Gamification is necessarily bad; these are just motivators. A good Gamification must consider all 8 core drives on
a positive and productive activity.

4. Results and discussions

In the development of the game, many difficulties were encountered. The first issue that comes in mind, the game
must be accessible with or without an internet connection for students to use the game anytime anywhere. Second,
game developers must always consider the resolution size to maintain design stability. This difficulty poses a challenge
not only for game developers but for software developers as well. Third, Using Gamification as a strategy to engage
students, another challenge that can be encountered in development is conceptualizing a game with proper game
elements to engage users in using the game. Not all games are fun and engaging, proper game elements is a must to
achieve a satisfied and engaged user. Lastly, after a finished prototype, the game must be tested first by what
developers call “Beta testers”. These testers test the game for bugs, functionality and of course effective engagement
and satisfaction for other users when the game is set for deployment. Given these difficulties encountered by the
researcher, designing and developing a game is not an easy task. After development, the game is now ready for play
test (See Fig. 3).

The results of the quantitative analysis of the data were through the play test of the seven subject experts. These
experts are identified as programming instructors teaching the computer programming subject. During the testing of
the gamified content each subject expert where asked to play the game. An allotted time of fifteen (15) minutes or
more were given until each expert stop playing and was asked to rate the game using the Octalysis Gamification
framework.

Fig. 3. In game screenshots of Learn Your Way Out.
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4.1. Octalysis score

Seven subject experts rate the game based on the core drives visible in the octagon. Subject experts are identified
as programming instructors teaching the computer programming subject. In order to come up with an Octalysis score,
a number between zero (0) and ten (10) was assigned; this number was squared to get the core drive score. Final
Octalysis score was represented by the sum of all core drive scores.

The Octalysis scores of 6 out of 7 subject experts showed that Learn Your Way Out has a good motivation for
Gamification (See Table 1); this means it has a balanced extrinsic and intrinsic motivations for Gamification.
However, the result of one subject expert revealed a white hat Gamification; this means that users feel great and
empowered but they do not have a sense of urgency to commit to the desired actions. The left and right brain core
drives also appeared to be balanced on all subject experts.

Table 1. Octalysis scores of subject experts.

. Epic . Development Empowerment of ~ Ownership Somal Scarcity Unpredicta Loss .
Subject  meaning and .. influence and o and Octalysis
. creativity and and . . bility and .
Expert  and accomplishm . and impatien o avoida  Score
. feedback possession curiosity

calling ent relatedness ce nce
1 8 10 8 8 8 10 10 10 656
2 10 10 10 10 10 8 8 8 692
3 6 8 6 6 8 8 4 6 352
4 10 10 10 10 10 10 10 10 800
5 4 8 6 2 2 2 4 2 148
6 8 10 10 10 8 8 10 10 692
7 8 8 8 8 6 8 8 8 484

For subject Expert 1, the total Octalysis score of the game is 656. All core drives are on the average almost close
to each other. The left and right brain core drives are balanced. Also, motivators representing white hat and black hat
Gamification are balanced as well.

For subject Expert 2, the total Octalysis score is 692. The left and right brain core drives are balanced. Subject
expert experience is slightly focused on white hat Gamification but still presents as balanced to black hat Gamification.
The Octalysis score of subject Expert 3 is 352, slightly lower than the first two subject experts. The left and right brain
core drives are balanced. Also, motivators representing white hat and black hat Gamification are balanced as well.
The Octalysis score of subject Expert 4 is 800, a perfect score for all core drives in the framework. This means that
the left and right brain and white hat and black hat Gamification are all equally balanced.

For subject Expert 5, the total Octalysis score is 148 which is lower than subject Expert 3. Having an even lower
score than other evaluators does not mean that the elements used for Gamification is bad; this just means that it needs
a little improvement. The left and right brain core drives are balanced. Subject expert experience is heavily focused
on white hat Gamification, which means users feel great and empowered. The drawback is that users do not have a
sense of urgency to commit to the desired actions. It must have a slight implementation on light black hat techniques
to add a bit more thrill to the experience.

For subject Expert 6, the total Octalysis score is 692. All core drives are on the average almost close to each other.
This is almost similar to the experience of subject Expert 1. The left and right brain core drives are balanced. Also,
motivators representing white hat and black hat Gamification are balanced as well.

The Octalysis score of subject Expert 7 is 484. All core drives are on the average almost close to each other. This
is similar to the experience of subject Expert 1 and 6. The left and right brain core drives are fairly balanced. Also,
motivators representing white hat and black hat Gamification are balanced as well.
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5. Conclusions and recommendations

Learn Your Way Out was developed in this study. It gamified the selected non-gamified topics in basic Java
computer programming. The Octalysis framework showed that the game elements used were proven deemed to be
proper elements in the game.

Design and development of the game was successful, and evaluation rated by subject experts resulted to have a
great motivation for the Gamification of the non-gamified topics. Left Brain and Right Brain Core drives resulted to
be balanced with the game elements integrated in the game. Ratings also resulted to be positively favoured to a White
Hat Gamification which according the analysis of the Octalysis framework means that game elements used resulted
to be positive motivators for users.

Game users were amazed in using the Learn Your Way Out game. Its development is still in its simplistic form and
still have room for many improvements. Updates can still be made in the forms of game elements, additional game
mechanics and integration of other topics aside from the topics selected in this study. For future studies, researchers
could explore the use of the game in connection to student engagement as supplementary tool for classroom learning
in teaching students the fundamentals of computer programming.
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