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INTRODUCTION

The introduction, in non-game contexts, of game elements is commonly called
"gamification" (S. Deterding, ACM New York, NY, USA (2011)). The technology used to
extract motivational and engaging elements found in gamification (J. Hamari, 2014) was
gradually adopted and applied to real-world constructive or health-care activities.
Games are all over the place. Generally, young people are considered as gamers.
Nevertheless, the actual statistics could be impressive which shows that a significant
number of gamers are 35-year-old average gamers among which-nearly 70% of whom
are over 18 years of age and about half of whom are the women, which means that
there are more female adults playing games than males under 18 (Gamers
Demographic, 2017). Everyone can enjoy games- if there is a better reason to do so.
Conversely, the perception of the word ‘gamification’ is that it is related to PBL (Poinfs,
Badges and Leaderboard), and this misconception leads people to think, of scoring
points and putting them in a product or badges that make it fun and exciting (YK,
Fremont: Octalysis Group; 2016.). But today gamification has become a buzzword, and
a lot of people and organizations have started to take care of it, but very few people
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truly understand. However, Gamification is beyond of just game designing. Essentially, it's
about taking the aspects of games, like challenges, feedback, competition, and
applying them to non-gaming environments to solve a problem or engage a user
(Goodhue, 25 May 2017). Itis a technique for motivating people to change their behavior
through positive reinforcement. Medication non-adherence is a massive problem today.
According to reports, practically everyone has a medication prescription and about 60%
of the people do not take their medication as prescribed. (Noman Haq, June 2017). The
term "medication non-adherence" is also known as the 'silent killer" because it is
estimated that non-adherence caused 100,000 avoidable deaths (Fred Kleinsinger, Perm
J. 2018; 22). People are unaware that they are dying for not taking their medicine on
time. In previous studies, the data have shown that the non-adherence is due to
forgetfulness, high cost, and clinical difficulties which have significant percentage ratios
like 69%, 16% and 15%, respectively- (Emilsson M1, 2017).

Surprisingly, due to busy or packed schedules, the rate of underage people is often not
as good as that of the elderly who are non-adherent to medication (Crawshaw, 2016).
Most of the mHealth applications have used the "gamification” principle to improve user
participation and motivation in their applications. On the other hand, due to literature
gap, itis unclear that how the developers have implemented gamification technigues in
their products (Shaimaa Ewais, August 2015). In this paper, we designed a gamification-
based application and evaluated the application based on Octalysis framework.

In our study, we have discussed the design of gamification-based application, the goal
is to remind the patients of their timing of dosage (Section 1). We have presented a
gamification framework that includes several game design elements that can be used
to improve interactive player/patient experience (Section 2). We have evaluated the
psychological motivation by using the Octalysis framework (Section 3). The paper
concludes the further development of the application for mHealth addressing the
Octalysis process and future aspects of gamification. The main objective of this research
is fo assess the MMCT app using the octalysis framework to determine how well we
implemented the gamification principle. Finally, the MMCT application has been
mapped on an octagon shape that reflects the Octalysis framework.

My Med Care Tool (MMCT) Application Design:

Presently, the world relies on gadgets, particularly smartphones, development, and
technology-dependent lifestyles. It allows us to make better use of technology to make
it valuable and help to survive in advance world in many ways. The significant concern
of this research is that patients forget to take the prescribed drugs in the right proportion
and at the right time. Medication non-adherence is a complicated and confusing
healthcare issue. Adherence is defined as the ability of patients to follow guidelines for
prescribed therapies (Jacqueline G Hugtenburg, 2013). Patients must take their drugs
individually, and non-patients must be more vigilant concerning well-being and health
management, regardless of their age (Noman Haqg, June 2017). In this section, we
describe the implementation of the MMCT app. We infroduced an application called
MyMedCareTool (MMCT). The ideas of designing the MMCT app is to change or improve
health and well-being behavior. The application includes various activities, such as
creating an account, managing multiple patients, setting up a schedule, setting up a
medication kit, fracking history, receiving reminders, earning points, winning healthy fips.
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Gaming components in the MMCT app is using the self-report of the intake of drugs. As
the user accumulates points in this app, they're going to level up and earn a bonus point.
The use of the MMCT app makes the possibility of positive rewards adding as a benefit of
a healthy lifestyle and medical tfreatment.

Database design:

Analysis diagram of the MMCT app is shown in Figure 1, which illustrate how medication
reminder entities (patient, medicine kit, schedule, and reminder) and gamification
elements entities (points, leaderboard, badges, levels, and rewards) are connected to
one another inside a system.
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Figure 1.

Entity Diagram of the MMCT app
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Class diagram:

To develop the MMCT app, we require information on patients, medicines, and

prescription schedules. Class diagram of the MMCT app is shown in Figure?2.

Patient

~SerialVersionUID:Long

- id:Integer
~doctor_name:String
-name:String
-hospital_clinic:String
~date:Date
-medicines:List<Medicince>

V.

+getP_id():return Interger
+setP_id(integer):return void
+getDoctor name():String
+setDoctor_name(String):void
+getName():String
+setName(String):void
+getHospital clinic():String

Level +setHospital clinic{:void
+getDate():Date
-SerialVersionUiD:Long +setDate(Date):void
-level_id:Integer +getMedicine():Medicine

-level_name:String
-patient:Patient

-getLevel id():Integer
-setLevel_id(Integer):void
-getLevel_name():String
-setLevel_name(String):void
~getPatient():Patient
-getPatient(Patient):void

Figure 2.

Medicine

-SerialVersionUID:Long
-med_id:Integer
-med_name:String
-med_type:String
-med-guantity:Stimg
-patient:Patient
-schedule :Schdedule

’ +gethed id():nteger

+sethled_id(Integer):void
+gétMed_name():String
+setmed_name(String):void
+getMed type():String
+sethed type(String):void
+gethed_tquantity():String
+setMed_quantity(String):void
+getPatient():Patient
+setPateint{Patient):void

T

Schedule

- SerialVersionUID:Long
-scheule_id:Integer
-timeperday:String
-startdate:Date
-endate:Date

-time:Tme

-dose: String
-rountine-String
~days-String
-weeks-String
-months-String
-Interval_no:Integer
_repeatperday:String
-repeatsomeday:String
~remiinder:Reminer
-medicine:Set<Medicine>

+getSchdeuleld():Integer
+setScheduleld(integer): Void

Reminder

~SerialVersionUID:Long
-reminer id:Integer
| -schedule:Schedule

+getReminer id():Integer
+setReminder_id(Integer):void
+getSchdeule():Schedule

-leaderboard_ld:Integer
-lederboardDescrption:String

+setMedicine(ListeMedicines):void +getSchedule():Schedule +getTimeperday():String ¥setSchedule(Schedule):void
+setTimef y(String):void
+getStartdate():Date
)’ +setStartdate(Date):void < >
+getEnddate():Date
+setEnddate(Date):void
+getTime(): Time
+getDose: String
Scores +getRoutine:Sting
+getDays:String
g :String
~serialVersionU/D:Long Patienthadge +getMonths:String
-score_idinteger +getinterval_ nozinteger
-score()Interger +getRepeatperday:String
~getleaderborad():Leaderhoard -serialversionUID: Long +getRepeatsomeday:String
-patientbadge id:nteger +getRemiinder:Reminer
-badge:Badge +getMedicine:Set<Medicine>
+getScore id:Integer BadgeCategory
+setScore_id(Integer):void
+getScore():Interger Badge
+setScore(integer):void +yetPatientbadge_id():Integer ; _
+getleaderhorad():Leaderboard +setPateintbadge id(Integer):voit . . ~serialversionUID:Long
{f,,, [ b0 aarel e. ? A -gf filtio el -EEI;BI\{;I'ISIO?UID.'MHQ -badgecategory_id:ilnteger
+setBadge(Badge):void :b: dg: Lmn:g:r:ng -badgecategory_name:string
hadgeimage:byte]] 1
-badgecategory:Badgecategory J%
1
PatientReward +getBadgeid():Integer +getBadgecategory id():Integer
(Inetger):void +setBadgecategory id(Integer):void
+getBadgename():String +getBacgecategory_name():String
serialversionUiD:Long +setBadge(String):void +setBadgecategory_name(String):void|
Leaderboard ; it nteger +getBadgeimage():byte]]
-reward:Raward +setBadgelmage(byte[]):void
-serialVersionUID:Long

+setLeaderhorder id(nteger).void
+yetLeaderboardDescription():String
+etLeaderboardDescription(String):void
+getScore():Score
+etScore{Score):void
+getReminder():Reminder
+setReminder(Reminder):void

Class Diagram of the MMCT app

0.%

Reward

-score-:Score
-reminder :Reminder .

+getPatientreward():Integer 7 o

LUl S : -serialversionUiD:Long

tsetf ):voi :

!
+yetLeaderboard id):Integer [] Wem'wm.o'mwafff o
[ :void

-rewardCategory:RewardCateory

+getRewarid():Integer
+setRewardid(Integer):void
+getRewardname():String
+setRewardName(String):void

S ——

Rewardcateary

-serialversionUiD:Long
-rewardcategory i:Integer
-Tewardcategory_name:String

+getRewardcategory_id():Integer
+setRewardcategory id(Integer):void
+getRewardcategory name():String
+setRewardcategory_name(String):void
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User Interface of MMCT App:

The front end of the interface is shown in the following screenshots. We use lonic-4 on
front-end, Spring-boot for back-end development and the database tool, for MySQL.

o
O

My Med Kit !

keep your drugs under control
using he med kit, and get easy
access to package leaflets from
official medicine database.

Figure 3.
Splashes images of the MMCT app

Enter the Confirmation
code

5: I
M Med Cara Too| WELCOME

CANCEL ~ SEND

WELCOME m ot a robot

+92304745013

Figure 4.
Login Screen images of MMCT App
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Patient Profile
My Med Care Tool!

Schedule

Make a schedule —l
—_—
N:I)y;foints
M{Hish’)ry
Figure 5. Home Figure 6. Patient Info
Screen image of Screen image of
MMCT App MMCT App

Medicationkit ~ Schedule ~ Reminder
Medication kit  Schedule  Reminder

s G

dedication kit Schedule  Reminder

&N ¥ [ Bt

Figure 7.
Medication Kit images of MMCT App
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Schedule

Once a day

Times and Dose
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9:00 Breakfast w )

Repeat Some Week Days w
Mo @) we ()R sa su
Duration

Start  Thus, 13 Apr 2018 [}

Stop  Mon, 100ct 2018 (<]

Figure 8. Screen images of My Schedule and My Reminder

150/300
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save your life to win some healtny tips.
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Saad 3000

Figure 9.
Screen images of Reminder Notification, My Points, Game Instruction, Rewards System
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Octalysis Framework

Octalysis is a process by which a series of gamified components or cognitive drives can
be used in User-centered design (UCD) to make an application attractive and motivating
(Daphne Economoua, 2015). The framework shows that almost all games are good
because it appeals to some core drives within humans that attract players to certain
behaviors. The Octalysis structure consists of 8 motivating factors, based on the form of
an octagon.

White Hat
-Narrative ~Begmners Luck
-Status Points -Blitism -Free Lunch
— B -Destiny Child
4 (Achsevernent Symbols) -Humanity Hero stmy Chi
-Fixed Action Rewards (Earned Lunch) -Revealed Heart “Creationist ':‘""“T”‘ ‘é""’“r‘:‘ )
-Real-Twme Con
::“':;f -Evergreen Combos
ogr -Instant feedback
“Quest Lists oy
-Dessert Oasis 5 ";';‘,
“Hogh Five ; ok Fills
-Crowning Meanmg -:\;m ?»(Phn:x
-Anticipation Parade TR TIE
~Aura Effect
~Step-by-Step Overlay Tutoria! "
-Boss Fights A Accomplishment  Empowerment -
£ Friendvg s
= “Social Treasure/Gdting =
< -Exchangeable Points -SeeSaw Bump = <
= 2 Virtual Goods ~Group Quests = .2
=
= = -Build from Scratch - ial ~Tout Flags = =
& C -Alired Effect Ownership Socil m S
m's -Collection Sets Influence -Brag Button - 2
. - ~Avatar “Water Cooler =
PevaayS -Protection -Conformity Anchors en .9
(DS -Recruiter Burden “Mentorship — U
— = -Monitor Attachment . Sk -Social Prod A C
B Scarcity Unpredictability =
= ~—
> =
- Glowng Choic
E )
-Appaintment Dynamics Avoidance MiniQuests
-Magnetic Caps “Visual Storytefling
-Dangling -Easter Eggs
~Prize Pacing -Random Rewards
-Options Pacing -Obvious Wonder
Lasc Mie Drive -Rolling Rewards
“Count Down Timer ~Sunk Cost Prison -Status Quo Sloth \ Evolved Ul
~Torture Breaks -Progress Loss -Scariet Letter ) Sudden Rewards
B “Rightful Heritage Visual Grave -Oracle Effect
The Big Burn ~Evanescence Opportunity -FOMO Punch

Rlack Hat

Figure 10.
Screenshot of the Octalysis framework (Chou, Accessed 25 May 2017)

The eight core drives of gamification are:

Epic Meaning and Calling

Development and Accomplishment

Empowerment of creativity and Feedback

Ownership and Possession

Social influence and Relatedness

Scarcity and Impatience

Unpredictability and Curiosity

Loss and Avoidance

Epic Meaning and Calling is a drive where people are motivated because they
are engaged in something bigger than themselves.
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. Development and Accomplishment Development and achievement mean you
are motivated because you feel like you're getting better, the level is getting up, and
you're mastering it.

o Empowering creativity and feedback are a very engaging process, where users
use their creativity to test different combinations of strategies and see their feedback.
o Ownership and possession are motivated by the fact that users believes that they

own something, that they want to change it, preserve it, and that want more. This basic
drive is based on virtual goods, virtual currency, and it motivates the user to accumulate
wealth within the system.

° Social influences and relatedness are part of what other people believe they are
saying and include every social element, including guidance, integration, friendship,
competition, and jealousy.

o Scarcity and Impatience’s are what motivates people because it is not
immediately or easily obtainable in term of lacking something that they can't have.

o Unpredictability and curiosity might reveal unexpected consequences and
necessitate taking a gamble.

o Loss and Avoidance Loss and evasion refer to reasons that lead people to avoid
circumstances that they do not want to have (for example, losing a life in the game).

These are 8-core gamification drive systems that means everything that you do which is
based on one or more of these core drives. The reason behind octagon shape is, the Left
side drives are called Left brain core drives which symbolically means extrinsic motivation
that means things to do for aims, purposes, and rewards. The Right-brain drives are about
intrinsic motivation, which means things like you just enjoy doing it without a need of
reward for your imagination and hanging out with your mates, and you do not have to
earn anything by hanging out for suspense of unpredictability (Chou, Accessed 25 May
2017).

The top of the core drive is more optimistic and called white hat gamification techniques
(YK, Fremont: Octalysis Group; 2016.). This top part of the drive indicates that the user is
trying to make better use of the creativity and users can grow if they are doing something
because they feel that they are a part of something bigger (Chou, Accessed 25 May
2017). The bottom part of the drive, Black Hat, means doing something to prevent a loss.
The positive and productive account should be taken of all 8 drives so that everyone will
be more happy and healthier. In the next section, we used the Octalysis framework to
evaluate the MMCT app to identify the concept of gamification. This study gives an
example of how effective the program can promote initiatives that build the engaging
and inspiring opportunities in the healthcare sector.

Evaluation of the MMCT application based on the Octalysis framework.

To build a game mechanics and game design strategies to engage people and inspire
them to achieve their health goals involves detailed analysis, reasoning, testing, and
adjustment. This section presents the preliminary evaluation outcomes of the MMCT App
against the core drives of the Octalysis Framework (Section 3). Octalysis is an online tool
that allows diagnostics to be tested on a scale of one to ten against Octalysis core drives,
while 10 being the "best" and rating that how well these drives were implemented based
on the overall scoring in the system/process. The purpose of this evaluation was to
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analyze the features of the MMCT application for customized game applications to meet
specific healthcare requirements (Section 2).

Epic meaning and Calling @
— -You need a MyMedCareTool
L LI Account.
-KetED I)'DUI’ m;difini.:edugfﬂ -Complete your schedule.
Devel 1 and Accomplishment (B E : control using My Med kit .
EITE TR AEETE e () Eom.:s Points - Create your medication list by
—a— NG D Badgest Schedule editor.
-CP'I’EI::‘IZIleheEbthaViE(‘}rges 0 -Create Reminder for medicine.
ol = - -lts all about your health
Empowerment of Creativity and (@ -Excifing Healthy tips Rewards
Feedback
|
Tl ] 0
Ownership and Possession @
R
8 B 0
Social Influence and Relatedness ()
o —_— .
7 4 & 8 10 Accomplishment Empowerment
-Profiles -Leaderboard
Searcity and Impatisnce @ managed your Medication
. 's = -Schedules
-Reminders 3 . Social
-Eamed Healthy tips Ownership MyMedCareTool

Influence
Curiogity and Unpredictability @
-

[ B 10

Scarcity Unpredictability
Loss and Avoidance @
L
= e Avoidance
-More Health tips to be healthy.

-will they give me healthy tips?
-Is this encourage me to take pills
on fime ?

r experience is fairly balanced in -Avoid to lost reminder

Figure 11.

Screenshot of the average score evaluation of MMCT app based of Octalysis.

The evaluators use the MMCT application to familiarize themselves with it. Below are the
reasoning reviewers ' summaries and the average grade for each core drive, followed
by a graph showing the correlation between these evaluators, Figure 4.

My MedCareTool (MMCT) is a gamified application that allows users to track medicines
every day. For instance, the MyMedKit Tool will frack the medicines, MySchedule will
generate a daily medicine editorial chart, etc., the application provides patients with
high-level information and alerts about interaction with medications they would like to
use the program. Thus, the application is therefore considered to be a device that
promotes meaningful significance that's the epic meaning and calling. Development
and Accomplishment: The gamified application is designed for patients seeking
compensation for adherence to their medication. After the data collected over a while,
MMCT app allows users to level out and earn bonus points and reclaim motivation (e.g.,
healthy fips) to demonstrate their results. Empowerment of creativity and feedback: The
empowerment of creativity and feedback is encouraged, for example, receiving
instantaneous feedback that completes the plan.

Ownership and Possession: The platform's entire concept revolves around virtual
commodities and currencies, which allow us to create riches within the system. The drive
helped the MMCT app handle profile care, medication, and medication alarm and
improve health. Social influence and relatedness: Social influence and relatedness are
fascinating concepts with potential health benefits as MMCT provide a leadership
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feature in which "you can compete with your friends to improve health”. The platform
supports social influence and interaction slightly. Scarcity and impatience-- Lack of
resources or entities can motivate people to use it wisely or take steps to achieve it.
Players on this platform are looking forward to their bonuses (e.g., health tips).
Unpredictability and Curiosity: The visual narration comes with unpredictability and
curiosity because they don’t know what is going to happen next in the MMCT app.
Players in this platform always think about their healthy rewards like they're going to give
me a health tip and think about their health benefits like Is this something that motivates
me to take my medications on fime? Loss and Avoidance: Negative marking and bonus
point reductions might be a fascinating approach for increasing or maintaining
engagement in the MMCT app. The average score for the MMCT app's Octalysis tool was
331, indicating that the platform can generate a balanced application using both
fundamental White Hat and Black Hat drivers. According to the results of the MMCT app
evaluation revealed that the gamification aspects exirinsic motivation such as
development and accomplishment, ownership and possession, scarcity and impatient
had significant influence on patient behavior, while some of the factors of infrinsic
motivation such as empowerment of creativity and feedback, social influence and
relatedness, unpredictability and curiosity had shown a slightly lower influence on patient
behavior. Hence it demonstrates a good balance between left-brain and right-brain
drives, indicating that intrinsic and extrinsic motivation is being balanced.

CONCLUSION AND FUTURE WORK

In this research work, our team have presented a gamification-based application for the
department of healthcare. Most of the other apps have already incorporated game
elements into their designs. However, the main aim of developing the MMCT app was to
see how successfully we could incorporate gamification techniques into the app. To do
this, we used the octalysis framework to review the app that can contribute to inspiring
and engaging experiences. And result revealed that the MMCT app was good balanced
with both white hat and black hat. In addition, the MMCT app has a strong balance of
left brain and right brain core drives, indicating that it has a solid balance of intrinsic and
extrinsic motivation. The game designer's main goal is to get players to be more active
to finish the task by using octalysis drivers on their system and just be careful before the
development of the gamified app because poorly conceived extrinsic motivation might
destroy intrinsic motivation. To begin, they should recognize that different types of
consumers will be motivated by different motivations, and their products should be able
to accommodate all of them. The evaluation process revealed that future efforts should
focus on enhancing health by incorporating additional game features. For example, the
platform should be extended to encourage social influence. In addition, it is, therefore,
necessary to test the main drivers of the octalysis method to evaluate the effectiveness
of medication adherence.
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