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FOREWORD

My dissertation “Gamification Design Principles in Healthcare: A Study on Vital
Signs Measurement in Pediatrics at Self-Service Health Kiosk”, is an applied study
that aims to question the effectiveness of gamification design in healthcare. | wrote
this thesis for the graduation of the Game and Interaction Technologies at istanbul
Technical Univesity. | have been writing this thesis from February 2019 to February
2020.

Due to my interest in the gamification field, the project was jointly decided with
Arcelik Innovation Department, at the time | was employed, and Dr. Hiiseyin Kutay
Ting, a reputable professor from my undergrad studies. We together with my
supervisor in Arcelik, Ugur Halatoglu, decided on my thesis topic. The hardest part of
the research was to develop a practical experiment including developing the
application and measurement setup to study the effectiveness of gamification in a
proper way. It would not be possible without the help of my teammates in Argelik, in
the field of medicals and electronics.

I want to say thanks to my supervisor for his absolute interest and assistance during
the writing of the thesis. I am thankful to all of the mothers and fathers of each
participant; without their assistance, the analysis could not be possible. The greatest
thanks go to my advisor assoc. prof. dr. Hatice Kose for her constant assistance and
guidance.

February 2020 Eren GOKGUR
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GAMIFICATION DESIGN PRINCIPLES IN HEALTHCARE:
A STUDY ON VITAL SIGNS MEASUREMENT IN PEDIATRICS
AT SELF-SERVICE HEALTH KIOSK

SUMMARY

Studies on improving user experience through gamification have gained importance.
Different sectors have been practicing with game-like factors to be successful in their
sectors for many years. With the aid of digitalization in recent years, new possibilities
raised in terms of seeing examples of gamification in various industries that have no
game-related origin. We may give an instance, where we are witnessing the practices
of the gamification field in Healthcare. Even there are focused studies taking
advantage of gamification in particular health fields. Specifically, medical
examination for pediatrics is an open area that may yield promising outcomes once
enhanced with gamification. Medical examination, which is not part of children’s daily
routine, may often be associated with uncertainties, and thus with worrying
experiences, and is one of the areas which can be improved through a gamification
design approach.

This research examines the gamification design of a self-service health kiosk prototype
to get vital signs measurements in pediatrics. Analysis of the effect of gamification
design on the accuracy of the vital signs measurements while providing the child with
a comfortable experience with playful design is the goal of the study. This thesis begins
with the industrial origin of gamification, the theories that gamification is derived
from, the disciplines that gamification taps into and its positive effect on children’s
health by promoting adherence, increasing the accuracy of the vital signs measurement
and reducing stress.

The methods regarding testing our hypothesis involve an application, vital sign
measurement devices in a self-serving health kiosk, analyzing of the results,
comparison of the results with normal values and our observation on the participants
as well as the participants’ remarks.

As we are in pursuit of observing the positive effects of gamification of vital sign
measurements on children’s health, we would like to observe three things, those are,
promoting adherence, increasing the accuracy of the vital signs measurement and
reducing stress. With the data at hand and relying on our observations, we may come
into some preliminary facts that in the healthcare domain, by using gamification design
principles we can promote adherence, increase accuracy and reduce pediatric
patience’s stress.

Exceeding the patient interests, healthcare providers can also gain from gamification
technology through gathering insights into patients, pulled from usage data, a better
comprehension of preventive care requirements.
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SAGLIKTA OYUNLASTIRMA TASARIMI PRENSIPLERI

OTONOM SACLIK“TEIEMi.l.\IALINDE
YASAM BULGULARI OLCUMU CALISMASI

OZET

Oyunlastirma alaninda kullanict deneyimini gelistirme {izerine yapilan caligmalar
onem kazanmistir. Farkli sektorler onlarca yildir is hedeflerine ulasmak i¢in oyunlarda
kullanilan elementlerden faydalanmaktadir. Son yillarda, oyunlastirma farkl
sektorlerinde bir trend olarak ortaya ¢ikmasi gesitli alanlarda akademisyenlerin,
egitimcilerin ve uygulayicilarin dikkatini g¢ekti. Oyunlastirmanin bu kadar trend
olmasinin nedeninin, dijital doniisiimle beraber daha ucuz teknoloji, kisisel veri
izleme, seckin basarilar ve oyun ortaminin yayginligi gibi bir dizi yakinsama
faktoriinden kaynaklandigi one siiriilebilir. Son yillarda dijital doniisiim aracilig ile,
oyunlastirma, daha 6nce herhangi bir oyunla iliskili olmayan endiistrilerde fayda
saglayabilecek yeni firsatlar yaratti. Bu endiistrilerden biri olan saglik, oyunlastirma
kavramiyla kisa siire 6nce tanismis ve efektif bir sekilde faydasini gérmeye yeni
baslamis bir endiistridir. Hatta belirli saglik alanlarinda oyunlastirmanin avantajlarini
ele alan odaklanmis calismalar bile vardir. Ozellikle, pediatri hastalar1 i¢in tibbi
muayene, oyunlastirma ile umut verici sonuglar verebilecek gelisime agik bir alandir.
Cocuklarin  gilinlik rutininin bir pargast olmayan tibbi muayene, genellikle
belirsizliklerle ve dolayisiyla endise verici deneyimlerle iligkilendirilebilir ve

oyunlastirma yaklasima ile iyilestirilebilir.

Diinya ¢apinda, saglik hizmetlerinin sunumunda hem acil hem de genis kapsaml
zorluklar bulunmaktadir. Bircok iilke i¢in demografik degisimler, bakicilarin hastalara
oranindaki degisiklikler, saglik hizmetlerinin sunulma bi¢imini yeniden diislinmeye
zorlamaktadir. Bu doniisiimii ele almak i¢in otonom saglik terminalinin kullanimina
dayanan yeni bir saglik teknolojisi tiirli ortaya ¢ikmistir. Bu sistemler ¢ogunlukla
saglik hizmeti tavsiyesi saglamak icin kan basmnci ve EKG gibi hayati isaretlerin
alimmasi i¢in kullanilabilir. Caligmada kullandigimiz otonom saglik terminali,

insanlarin gesitli tibbi dlgiimler yapmasi, verilerine ulasabilmesi ve belirli konular
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hakkinda doktorlara danigsmasini istemesi i¢in tasarlanmistir. Hastane i¢i kullanimda,
muayene oncesi saglik parametrelerini 6lgmek, tibbi ge¢misi olan hastalarin saglik
bilgilerini toplamak, analiz etmek ve hekimlere iletmek {lizere tasarlanmistir. Saglik
terminalleri her tibbi alt uzmanlik alani i¢in degistirilebilir ve hastanelerde, tip
merkezinde, saglik ocaginda veya eczanede ayarlanabilir. Tez ¢aligmasinin konu
edildigi otonom saglik terminali pediatri hastalarina hizmet verecegi diisiiniilerek

oyunlastirma tasarimi kullanilmistir.

Bu tezin konusu olan ¢alisma, pediatride yasam bulgular1 6l¢limlerini toplamak igin
bir otonom saglik terminali prototipinin oyunlagtirma tasarimini arastirmaktadir. Bu
calismanin amaci, ¢ocuklara eglenceli tasarim ile daha rahat bir deneyim sunarken, bu
oyunlagtirma tasariminin yasamsal bulgu 6l¢iimlerinin dogrulugu iizerindeki etkisini
analiz etmektir. Bu makale endiistriyel oyunlagtirmanin kokeniyle, oyunlastirmanin
tiretildigi teorilerle, oyunlagtirmanin igine girdigi disiplinlerle baglar. Devaminda,
genel olarak ve 6zellikle saglik alaninda, oyunlastirma kavramlari izerinden, yasamsal
bulgu 6l¢iimiiniin dogrulugunu, tedaviye uyum siirecini ve stresi azaltarak ¢cocuklarin

sagligi tizerindeki olumlu etkisini 6zetlemektedir.

Saglik hizmetlerinin teshisinde, izlenmesinde ve klinik karar almada fizyolojik
onlemlerin potansiyel kullaniminin géz 6niine alindiginda 6l¢iim dogruluguna ihtiyag
vardir. Onlemlerin klinik standartlara uymas: gerekir. Bu durum otonom saglik
terminalinde oyunlagtirma elementlerinin tasarimi konusunda zorluklar getirir, tiim
sorunlara cevap verebilecek bir tasarim nadiren karsimiza g¢ikar. Bu zorluklar ele
alirken, 6l¢iim dogrulugunu etkileyen faktorlerin dikkate alinmasi gerekir. Otonom
saglik terminali 6l¢iim siireci, birden fazla bileseni olan insan ve makine arasindaki
etkilesim olarak diisiiniilebilir. Antropometri ve biyomekanik ile karakterize edilen
geleneksel fiziksel durumlari igerir. Bu faktorler 6l¢tim dogruluguna katkida bulunur
ve viicut durusu, Ol¢lim cihazi yiiksekligi, ekipmanin mekansal diizeni ve benzer
unsurlar icerir. Ornegin, farkli duruslar dlgiilen sistolik / diyastolik kan basincinda
%20'den fazla bir degisime neden olabilir. Bagka bir bilesen, oyunlastirmanin hastanin
hissiyatin1 6lgmek ve etkilemek i¢in dnemli bir rol oynadigi bireyin psikolojik veya
zihinsel durumu ile ilgilidir. Olgiim sonucunu etkileyen zihinsel durumun bir érnegi
kardiyovaskiiler oOlclimlerde hasta psikolojisinin 6l¢iim sonuglarimi %20 kadar
etkiledigi yoniindedir. Dogru bir Onlem almak Onemlidir. Bir arastirmaya gore,

diyastolik kan basincinin 5 mmHg tarafindan hafife alinmas: durumunda hipertansif
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bireylerin neredeyse iicte ikisine morbidite dnleyici tedavi verilmeyecektir. Tersine,
sistolik basing 5 mmHg ile fazla tahmin edilirse hipertansiyon tanis1 konan kisi sayisi
iki kattan fazla olur. Bu nedenle, bir otonom saglik terminalinde yasamsal isaretlerin
okunmasi i¢in etkilesimli oyunlastirma tasariminin dikkatli bir sekilde diisiiniilmesi
gerekmektedir. Dolayis1 ile tezimizde sorguladigimiz hipotezlerimizden biri
oyunlagtirma tasarim ilkeleri esas alarak Ol¢im dogrulugunu gelistirme

perspektifinden degerlendirilir.

Olgiim dogrulugu disinda, oyunlastirmanin etkilerini arastirdigimiz bir diger alan ise
dayaniklilig1 ve hastaliklarla miicadele motivasyonunu artirarak hastalarin saglig
tizerinde 6nemli ve olumlu etkilere sahip olmas1 ve tedaviye uyumu tesvik etmesidir.
Ancak basar1 eglenceli geri bildirim yoluyla uzun vadede hastalara hitap etmesine
baglidir. Oyunlastirma, hastalara iliskin i¢gdriileri elde ederken, pediatri hastalarina
daha kisisellestirilmis deneyimlerini saglayarak daha iyi uyum saglamalarimi
kolaylastirir. Cesitli akademik calismalar, saglik hizmetlerindeki oyunlastirilmig
uygulamalarin daha yiiksek uyum, katilim ve motivasyon sagladigini ve sonug olarak
hasta refahini artirdigini gostermektedir. Bu ¢alismalarda “eglence faktorii” ile katilim
oranlar1 arasinda pozitif bir korelasyon oldugu gosterilmistir. Biz de bu sebepten
dolay1 oyulagtirma tasarim ilkelerini tekrar esas alarak tedaviye uyumu destekledigi

hipotezini sorgulayacagiz.

Son olarak, etkilesimli oyunlarin iyimser duygulart ve o6diil sistemini harekete
gecirerek hastalarin esneklik ve tedaviye verdigi cevabi giiglendirdigi kanitlanmustir.
Eglenceli oyun, cocuklarin hastanenin soguk ve bogucu atmosferini unutmasini
saglamak icin tasarlanmistir. Bir 6l¢lim yapilmadan 6nce, ¢cocuklara kendilerini rahat
hissetmeleri i¢in talimatlar ve bilgiler verilir. Hastalar siirecin tam olarak farkinda
olduklarinda ve 6l¢iimiin ne zaman ve hangi kosulda gercekleseceginden tam olarak
sorumlu olduklarinda, kontrolde olmanin rahatligini, dolayistyla 6zerkligi hissederler.
Oyunlasgtirilmis siireci anlati bi¢iminde ve tematik bir kavramla sunmak, onlara
hastalikla savagmak i¢in net hedefler verir. Bu da, dl¢iim yapilirken hastalarin daha
esnek ve daha az stresli olmasimi saglayacaktir. Biz de bu noktada oyunlagtirma
tasarim  ilkelerinin pediatri hastalarin  stresini  yenmesi konusunda fayda

saglayabilecegi konusundanki hipotezimizi sorgulayacagiz.

Deneyi test etmek icin kullandigimiz ilgili yontemler, dl¢iim siireclerini konu olan

sifirdan gelistirilmis bir yazilim {izerinden, otonom olarak hizmet veren bir saglik
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terminalinde yasamsal bulgularin 6l¢lilmesi, sonuglarin analizini, sonuglarin normal
degerlerle karsilagtirilmasidir. Ayrica hipotezimizi dogrulamamiza destek olmasi igin

katilimcilar gézlemlerken aldigimiz veriler ve katilimcilarin yorumlarini da igerir.

Yasamsal bulgu 6l¢limlerinin oyunlastirilmasinin ¢ocuklarin sagligi tizerindeki olumlu
etkilerini gézlemlemeye calisirken, tedaviye uyumu tesvik etmek, yasamsal bulgu
Olciimiinlin  dogrulugunu artirmak ve stresi azaltmak gibi i¢in {i¢ argliman
gozlemlemek istiyoruz. Eldeki veriler ve gézlemlerimize dayanarak, saglik hizmetleri
alaninda oyunlagtirma tasarim ilkelerini kullanarak tedaviye uyumu tesvik
edebilecegimiz, 6l¢liimiin dogrulugunu artirabilecegimiz ve pediatri hastasinin stresini
azaltabilecegimiz bazi 6n bulgulara ulastigimizi dile getirebiliriz. Hasta yararlarinin
Otesinde, saglik hizmeti saglayicilari, oyunlastirdiklar bu dijital sistemlerin kullanim
verilerinden yola ¢ikarak hastalara iliskin 6ngdrii elde ederek, koruyucu bakim

ihtiyaglarini daha iyi anlamak i¢in bu teknolojisinden de yararlanabilirler.
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1. INTRODUCTION

Using game design components in settings where no game element is present, that the
main intention is to stimulate and enhance user engagement has increased in
interaction design in diverse applications ranging beyond productivity, economics,
health, education. Gamification, for the last decade [1,2] is the hyped word in terms of
boosting user engagement and increasing user behaviors, social synergy, or quality
and activities’ productivity. [3]. The aspired models are thought to arise in

consequence of positive, intrinsically motivating [4], “gameful” experiences [5].

Using game-like systems by companies from different sectors to accomplish their
business goals for a couple of years. Nevertheless, digitalization in recent years has
formulated new possibilities when it comes to transferring gamification to businesses
beforehand not affiliated with any sort of game [6]. A great example of the awakening
of the notion of gamification happens in Healthcare, that we currently witness. Many
converging trends promote the advantage of gamification in the healthcare sector.
Various research [7], have revealed that gamification can significantly affect, the
wellbeing of patients by encouraging endurance, promoting adherence to care, and

improving willingness to combat sickness.

It exists urgent and far-reaching hurdles to the stipulation of healthcare, globally.
Lately, a unique set of healthcare technology has advanced. The use of self-service
kiosks such as Higi and Pursuant Health (formerly, Solo Health) are the perfect
examples of the norm. Mentioned above companies are examples of vital signs

collection involving BP, ECG in order to give health guidance [8,9].

What counts as success is, nevertheless, in the long course appealing patients with fun
among friends, and while delivering continuous juicy feedback through intuitive user-
interface. Above the benefit of the patients, the other advantages are that gathering
insights into patients, extracted from interaction and health data, a greater judgment of

need for predictive health issues and increased user engagement to pediatric care.



Gamification field applications are closely connected to social media and mobile,
which goes hand-in-hand with artificial intelligence. Al capabilities in the gamification
field will continue to grow in the areas of following user statistics and interpreting
them for a more comprehensive tailor-made experience for the patients. Specifically,
one of the Al technologies, computer vision technology, enables us to recognize the
user’s emotional state during vital signs measurement. These emotional states are
defined in the literature [10,11]. The mentioned primary emotions are defined by a
common facial character created by pulled or loosened facial muscles. Measuring these
attributes may help us to provide a better patient experience by designing the flow to
give a positive contribution to children’s health by promoting adherence to the
measurement. In our experiment, we recorded the facial expression of the participants

to analyze in a future experiment.

This thesis starts with the industrial origin of gamification, the theories that
gamification is derived from, the disciplines that gamification taps into. In this thesis,
you will find the outlines of gamification concepts in action particularly in the
healthcare domain and its positive effect on children’s health by promoting adherence

and increasing the accuracy of the vital signs measurement as well as reducing stress.



2. GAMIFICATION & GAME DESIGN

2.1 Background of Gamification and Literature Research

The terminology of “gamification” dates back to 2008, followed by the practices in the
field of technology and healthcare experts within the early months of 2010,
incorporates a wide range of game-related components into the business [1]. The most
generalized and widespread definition states “gamification is the use of game design
elements in nongame contexts” [1]. Gamification is widely accepted and adopted by
companies to strengthen the initiation phase and retention of aspired behaviors [12],
on top of that, the estimation says 60% of health officials in workplaces, in present,

incorporate gamification components. [13,14].

As it can be observed in literature research (over 47,200 papers on Google Scholar;
over 1.500 on Science Direct database (accessed on March 10, 2019.) the studies in

the gamification medium is quite popular. This may suggest:
1) that accurately created gamification designs have the ability to affect users,
2) that minimization of different biases via experimental design

3) that information gathering makes it the most reliable way to discover its effects

or its restrictions [7].

Identical terms are in the market and fresh terms keep being brought alive, such as
“productivity games” [15], “funware” [16], “playful design” [17], “behavioral games”
[18]. Furthermore, we can assert that gamification is standardized as the common term.
In the meanwhile, gamification term is also open to severe discussions, essentially
within the industry of games and the studies of games. Restlessness with current
practices, simplicities, and discussions have driven some people to invent modified
terms. A good example of that is from an academician, she describes “Alternate
Reality Games” as “a game you play in your real-life” [19]. On the other side, another
practitioner suggested substituting the name “gamification” with “exploitationware”

[20], that grammatical politics that would more accurately depict the exploitation that



gamification probably causes. He also asserts that gamification disregards games'
secondary characteristics over the primary elements. Adding, it fatally abuses and
disrupts games. There is a mistake that games’ attraction for oversimplified ones

directed to extrinsic motivations.

The current main usage of the term gamification fluctuates among two similar ideas.
Primarily to grow engagement, and universality of games in daily life [21,22].
Secondly, the more precise concept is the reason that games are created for fun, and
because it has demonstrated to drive them with exceptional depth and continuation.
Game elements transform real-life cases, which don't incorporate gaming elements,

more delightful and charming as well [23].

There are client-looking definitions existing, often pronounced by consultants to
describe gamification, for instance, the wide use techniques in the non-gaming

business [22], solving real-life issues by game design framework [24].

In time, some studies have investigated playfulness as a sought-after UX concept.
Although there is a sizable literature, there is no common definition for the state of
playfulness: Seldom, there are associations like “pleasurable experience” [25] or “fun”
[26], or any work surpasses task concept [27, 28]. Considering this, a researcher
proposed some norms “ludic design”, “ludic engagement” and “ludic activities”,
explaining “activities motivated by curiosity, exploration, and reflection” [27].
According to another description, gamification is mainly, a design method dedicated

to enhance or reconstruct real-life scenarios [1].

In outlining gamification, a group of researchers [5] asserts gamification summons the
same experiences when we play games. Some researchers [1], in contrast, indicate that

the elements used gamification identical to those in games.

In the last decade, gamification has appeared as a trend within various areas. Indeed,
gamification is far from being a firsthand idea, there are prior implementations in
marketing involving points badges and bonuses, grades, and degrees. [29]. The growth
of gamification is made possible by a few uniting elements, involving technology
becoming affordable, information availability, and the predominance of the games
[30]. Game studies can be included in the list, which remains to explain a methodically
examined framework, which brings about immersive experiences, feeling of fun. [31].

Therefore, a more complicated interpretation of gamification is [32] “behavioral



management technique”. Alternatively, the gamification studies concentrate on the
decisions, which are consolidated by a certain measure of consideration given to

motivation and teachings extracted from game design.

In gamification, creating a particular outcome is the main intention such as increased
learning [33], increased health [34]. Gamification is closer to game design studies,
rather than games as a concept as its motivational as well as behavior outcomes [35].
This reasoning is the answer to understanding gamification studies. Designing a game
where the play is relevant is not fundamentally a goal of the designer. There is the case
that, fun is not the core aspect of gamification; for example, some researchers [36]
asserted a user training activity can be improved by adding a narrative only. Cases like

this, play is unnecessary.

Gamification may be characterized as a post-positivist concept of game studies that
examines the different study methods, and matters applied to supplement existing real-
world processes with game elements. A researcher [37], suggests a physical existence
that is observed through subjective review. It would be right to say, gamification can
be classified as a discipline under game science. It also shares literature research and
game factors toolkit with various other disciplines, however, it has uniqueness in
focusing on the design of gamification systems for altering real-life without designing

a “fully-fledged” game.

Moreover, the elements of gamification are not as magical as caused by complete
games [34]. Provided that, it is required to examine if progress bars affect a process,
the people may be selected to experience progress bars or the nonexistence of progress
bars and choose a meaningful outcome-based upon analytical tests regarding which

test converged more into desired outcomes.

An additional description of the gamification system is an application, helps people to
satisfy their needs, gives an order to their lives. In some examples, Gamification
provides online health services to users and users are expected to nurture their health

back faster by fulfilling systems [38].

2.2 Gamification as Game Design Methodology

The particular methods to alter the real-life process by adding game design elements
to gamify are the primary aim of literature. The gameful design may be explained as



the method of “designing for gamefulness, typically by using game design elements”
[1]. One of the methods of gamification is gameful design but is distinguished from
the more general notion of gamification, involves the aim of designing for a target
outcome, that creating a gameful activity, meanwhile, gamification may employ
purpose. For instance, when non-game processes enriched with progress bars [39]
cannot be considered gameful but employs gamification. This case is not appointed to
perform the experiment in a gameful way. Alternately, this enables us to benefit from
the motivational influences of progress bars to make the survey fulfillment behavior,
differently. Some studies criticized and found manipulative or immoral when there is
no gamefulness in gamification design. [40] In management field gamification
systems, we see improved command over user behavior once we introduced points,

badges and leaderboards which likely does not consist of gameful design.

A researcher reviewed [1] the extent gamification literature into a structure that
involves components. They are separated according to intend. The first is the game
interface, which is interaction components [41]. Stages, progress bars, competitive
boards are examples of these cases. The second level basically game mechanics. [42].
The third level, game design principles that of gameplay and goals™ [43]. Eventually,
the most obscure one is the game design method, which involves, testing the gameplay
and design that is centered on the gameplay [44,45]. Choosing the fittest gamification
method differs from case to case and no common agreement on for such design is held
[46] a several were suggested. For instance, using the tiniest distinguishable factors in
the user’s abilities is called skill atoms.[47]. This practice applies as, continuous
feedback circle of skill atoms of which can involve game elements. Therefore, the goal
of each step in the design process is to facilitate changes in and progress toward
achieving the designated goal. In a contradiction, some researchers [35] used a method
[48] to introduce story, plot, scenario create levels in a real-life case to make it seem
like a game. Once complexity in the real-life advances, the distinct area among the
game and gamified system is more obscured. Lastly, we may say the structured type
of play can be considered as games [49], however, the play is only a sub purpose of

gamification.

Gamification sometimes doesn't include play however, in the game literature, the terms
game/play are used correspondently [50]. It’s claimed that the unique form of play is

called games under specific rules. There is an emphasis that play is associated with the



player and so the game with rules [49]. Rather, users of gamified systems sometimes
don’t play and it may be a no-rule game. So, a gamified system would not surely focus

on play to accomplish the proposed result except, the goal is explicitly defined as play.






3. HEALTHCARE

3.1 Self-Service Health Kiosk

Globally, there are both urgent and lengthy challenges for healthcare. For most of the
world’s population, evolving conditions on demographics, growth in LTCs (Long
Term Conditions) and the ratio of healthcare professionals to patients keep us
searching for a better way for the provision of healthcare. To address this
transformation, healthcare technology is developed, which is to use autonomous
terminals in other words kiosks [8,9]. Vital sign measurements involving BP and ECG
are now done by specialized kiosks for advancing healthcare.

The self-service healthcare kiosk is designed for people to do various medical
measurements and prompt them to consult physicians about particular issues. In-
hospital use, it is designed to measure health parameters, collect, analyze, and convey
health information of patients including the medical background to physicians before
an examination. Kiosks can be modified for each medical subspecialty and set at

hospitals, medical centers, health clinic, or pharmacy.

According to the research by Grand View Research, an estimation says ECG
measuring devices to reach USD 7.63 billion by 2025, growing at a CAGR of 5.8%
from 2017 to 2025 [51].

According to a HIS healthcare consultancy, healthcare kiosks will more than double
by 2020. Referring to another research, the companies employ above half a thousand

people, it’s typical for 30% of them to have self-service kiosks in the US [52].

It’s essentially a human factor engineering topic, whose literature has hundreds of
applicable design rules, considering the physical characteristic of the self-service
kiosks [53]. Every population has different statistical physical data, which engineers
can use to apply to provide a solution for the target population [54]. These engineering
methods as well as user interfaces are very rich in guides in the works of literature
[55,56].



The self-service health kiosk is equipped with a smart voice and visual assistant
function for people to guide them to carry out their measurements such as blood
pressure, oxygen saturation measurement, respiration rate, weight and height
measurements along with electrocardiography measurement. The results are printed
out at the end of the gamified experience along with the rewards and badges earned.
Patient identification by face recognition is also included in the kiosk.

3.2 Accuracy of Vital Signs Measurement

Addressing the mentioned above set of guidelines could be helpful in the design of
self-service healthcare kiosks considering in mind the factors of both the environment
and the users. This, however, may not always indicate that we have a 100% guarantee

on the accuracy in terms of vital signs measurement.

There is a requirement for accuracy of the measurement provided that in measures of
physiological characteristics under healthcare, monitoring, diagnosis and decision
making. Measures need to follow clinical standards. This requires tests upon designing
the gamification elements of the kiosk as no solution can cover all the issues. In
approaching these difficulties, it assists delving deep into sub-problem, considering
the factors that affect on measurement accuracy. The self-service kiosk measurement
method may be viewed under the terms as an interaction among machines and humans,
consisting of many elements. These elements incorporate regular physical aptitudes,
as described by anthropometrics and biomechanics branch. These factors affect the
accuracy of measurement and include features such as posture, the height of the device
which makes measuring, the physical organization for tools. Such as, there is a report
that asserts, systolic/diastolic blood pressure can take highly different values
sometimes more than 20% when postures of the patients are not correct [57].
Gamification plays a substantial part to gauge and affects the patient’s mentality which
Is very important when we think of an emotional state that can affect the outcome of
the measurement. An example of a mental state affecting the outcome of the
measurement is observed in a study on the cardiovascular department for cardiac-

related measures, where the difference is above 20% [58].

Getting an accurate measurement is important. According to a study, If diastolic blood
pressure is underestimated by 5 mmHg, almost two-thirds of hypertensive individuals

will not be given morbidity prevention. Conversely, if systolic pressure is
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overestimated by 5 mmHg, the number of people diagnosed with hypertension is more
than double [59]. Accordingly, the form of an autonomous health terminal for the

getting of vital signs requires thoughtful attention.

Once we speak about the Ul, academicians often researched the core of ergonomics
and effectiveness of practicing various interactive elements, to check tools; a relatively
small number of them have studied how to optimize the features of tools, to maintain
the measurement accuracy. Research on Ul [60] and compared the effectiveness of
different input modalities, for instance, touch screens usage versus hand-operated
controls and physical factors [61], multimodal interaction techniques [62] and
alternative structuring of task instructions [63]. The gamification design principles of
self-service health kiosks are mainly evaluated for increasing measurement accuracy.
Therefore, the measurement accuracy of the vital signs of the pediatric patients shall
be compared and contrasted between the gamified solution implemented kiosk and
kiosk with standard measurement procedure.

3.3 Promoting Adherence

Gamification is a crucial enabler when obtaining insights of patients, drawing usage
data so as to reach improved adherence of pediatric patients by providing them a more

personalized experience.

Various academic studies show that gamified practices in health care provide higher
participation, participation, and motivation and consequently increase patient well-
being. In these studies, it has been shown that there is a positive correlation between

“fun factor” and participation rates [7].

HopeLabs developed an online game named, Re-Mission to help children fight with
cancer. Players control a flying robot fight against cancer cells and tumors while using
treatment techniques. The research shows that the emotional and motivational state of
the players is activated by the game. This enables such behavior and emotions that

improve users' commitment and willingness to treatment [64].

Founded in 2013, Oscar Health sets its aim for gamification fighting against chronic
diseases. It’s a leading example of the company for future healthcare providers. The
partnerships gave the company an upper hand when it comes to creating a variety of
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games to increase health conditions. They cooperated with Misfit to provide wearables
to promote healthy activities. Also, Oscar encourages the use of telemedicine [65] to

observe the patient’s health.

3.4 Reducing Stress

Endurance and activation of upbeat feelings can be achieved with games with rewards

for patients, which is proven in research [66].

The playful experience is designed to make children forget the cold, suffocating
atmosphere of the hospital. Prior to a measurement being taken, a set of instructions
and information are provided to pediatric patients to make them feel relaxed. When
the patients are fully aware of the process, and in charge of exactly when and on which
condition the measurement would take place, they feel the comfort of being in control,
therefore autonomy. Presenting the gamified process in a narrative format and thematic
concept gives them clear goals to fight for. This, in turn, would enable the patients to

be more resilient and less stressful while the measurement is taken.
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4. UX/UI FOR CHILDREN

4.1 Comparison of Voice and Touch Interface

Self-service health kiosk is an automated medical measurement platform that enables
pediatric patients to do various medical measurements with the help of the voice and
visual assistants. Audiovisual auxiliary methods the output channels in Ul. Visual is
the preferred over audio. A study shows multiple auxiliaries is demanded [67]. We
know that people rely more on visual feedback. As the patient journey in the self-
service health kiosk presents itself as a single-task condition, meaning measures are
taken in once at a time, it’s convenient to put visual interface as primary and keep the

voice as a second option.

4.2 Children Experience

Measuring vital signs requires an appropriate approach to the child's age and
personality. In newborns, there are no problems with fear of strangers or examinations.
However, to keep the child calm, talking with the child in a low voice and touching
with a warm hand make the process easier. To show an object that will be of interest
to a child in infancy, or to give the object to his hands, to talk to him, if he is
overreacting, a significant portion of the measurement must be carried on the lap of

the participant. In our experiment, | did not include this age group as our target group.

On the other hand, talking to pre-school children, asking questions that will attract
their name and interest, giving them the equipment to be used during the examination
and getting them to know them; and dialogue with school children and older children
in a manner that caresses their pride [68]. When designing the content of the gamified
system, | particularly paid attention to create an experience to fit the needs of pediatric

patients.

Essentially, there is a requirement for the Graphical User Interface (GUI) to be
considered separately. Apart from ergonomic design and external factors, the
smoothness of intended operations relies on neatly considered GUI [53]. For example,
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before the measurement starts, | designed a set of instructions for the user to guide him
through the process by presenting a human hand-like figure showing how to grasp the
ECG bar. GUI prepares pediatric patients (e.g. calms the patients before the operation).
Sometimes, it very valid to give healthy living recommendations or educating patients

in regard to staying in healthy conditions through the GUI.

Human
Cognitive Generator {determines Activity) Cognitive Interpreter

Environmental Interface

Qutput Input

Context-aware Assistive System

Environmental Interface

Input Output

Interpreter Generator

Model human state determine (Game | Feedback

physi- | emo- position on
adapted interventions

Figure 4.1 : CAAS framework
Context-aware assistive systems (CAAS) is a detailed model of using gamification
framework in real-life scenarios (Figure 4.1) [69]. Flow is the intended goal of any
gamification design, that is included in this framework. Csikszentmihalyi describes
flow is a state of optimal experience characterized by being fully focused and engaged

in an activity[70].
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5. METHODOLOGY AND EXPERIMENT SETUP

5.1 Design

5.1.1 General Workflow

The general workflow mainly consists of getting the measurement order form HIS,
taking the vital signs measurements, and sending the report of the measurements to
HIS. HIS stands for Hospital Information System that handles everything related to
electronic hospital records (Figure 5.1).

| Start

A 4

Profile Login and Character Selection

v

Receiving Vital Sign Measurement Order From HIS

h 4

Creating the Narrative, Defining Goals and Introducing the
Elements of Gamification

V

Tracking Progress, Instant Feedback and Visualization of Progress
Report

y

Printing the Report of Measurement Results with Points and
Badges Together

¥

Sending the Results of the Vital Sign Measurements to HIS

Figure 5.1 : General workflow
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5.1.2 Gamified System Workflow

The self-service health kiosk employs various gameful sections, let’s call these
missions, for each measurement as well as the main section sitting as a meta-game
between missions. The system has a total of 5 sections, as well as the main section

listed below:
1. Main Section
2. ECG Section
3. SPO2 Section
4. Blood Pressure Section
5. Weight and Height Section

In the experiment, only the Main and ECG section are used to carry out the inspection.
SPO2 and Blood Pressure are designed and implemented but were not used in this

experiment due to keeping the focus on one single measurement.

5.1.2.1 Main Section

At the beginning of the process, vital sign measurements are introduced to the pediatric
patient with a moving narrative (Figure 5.2). This allows the patient to get a
preliminary idea of the process to be experienced. The story employs the feeling of
discovery in the patient while creating a clear goal (Figure 5.3). The goal gives the

patient the feeling of self-determination enabling the patient to foresee what to expect.

In this section the patient is able to select an avatar, chose a nickname and plan the
order of vital sign measurements, namely mission, he/she would like to take. For the
ease of experiment, in our study with volunteers, we decided to make the selection of
the avatar a nickname default as well as choosing the first and only mission as ECG

section.
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Figure 5.2 : Narrative

In this pursuit, the gameplay continues with the avatar selection. The avatar has a
progression system that can evolve as a result of the measurements performed.
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Figure 5.3 : Clear Goal
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There is a progress in the patient's experience; It is aimed to give a feeling of success
by employing game dynamics such as points collection, badge awards (Figure 5.4).
The patient's realization of these steps with his / her consent and the narration of the
process contribute to the preparation of a calm and comfortable measurement
environment. Each of the vital sign measurement screens is enriched with a playful

discover the island concept in the context of the story and theme.
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Figure 5.4 : Progress bar
Each measurement is defined as a task within the context of gamification and the
experience score to be obtained if these tasks are completed (Figure 5.5). With the
completion of the tasks, experience points are gained and the events are monitored by
the progress bar. Then the progress is shown to the patient in the form of instant
feedback.
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Figure 5.5 : Awards
5.1.2.2 ECG Section

ECG section consists of an ECG (electrocardiography) measurement of the pediatric
patient. This measurement is done through the patient putting hands-on 2 dry handle

electrodes. This process takes 1 — 1.5 minutes and in a non-invasive way (Figure 5.6).

Bisikletini SEC

Figure 5.6 : ECG start
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ECG workflow starts with narrating the aim of the mission. The patient is then, offered
achoice to select the bike. This gives a feeling that the patient is in control of the process
and the experience is tailored to the patient. Upon bike selection, the patient is instructed
the desired behaviors. There are animated hand models that demonstrate the holding
position to the ECG bars (Figure 5.7).

Figure 5.7 : Animation

Once the patient feels ready and holds the bars, the measurement starts as well as the
cycling. So, the bike starts moving as the measurement is taken. As cycling and
measurement are carried out, the progress bar illustrates how much of the activity is
remaining. There are collectible diamonds on the way through the goal. There is a very
subtle relaxing cycling sound while the bike moves on. This aims to keep the heart-
rate of the patient in normal conditions. Once the bike makes it to the end of the bridge

the measurement is finished. The whole section takes up to 1.5 minutes maximum.

While doing all that, | tried to present the introductions with simple instructions in 3D
animations. Therefore, enabling the user to get what is going on and what to expect

throughout the measurement.
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At the end of the ECG measurement, the patient’s ECG values are measured,
experience points are collected and the game proceeds into the next mission. The figure
below describes the ECG workflow (Figure 5.8).

[ ECG Start ]

!

The Story Regarding the Vital Signs Measurement
is Narrated

l

Personalization of the Experience with the aid of
Choice of Bike Selection

!

Clear Instructions to Direct Patient for Desired
Behaviors

}

Initializing the Measurement Process in Patient
Being in Control

l

Measurement is Taken with the Activities in
Progress Bars and Collectables

ECG End

Figure 5.8 : ECG workflow
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5.1.3 ECG Sensor: Max30003

It’s worth mentioning the technical underlying of the measurement system’s logic. The
ECG sensor used in the experiment is Ultra-Low Power, Single-Channel Integrated
Biopotential Max30003 component. The chip is greatly performant for the clinic side
and sports purposes, including energy saving. The powering-up sequence guarantees
no harm done on itself. The single-lead sensor is used for ECG measurement and
Arrhythmia Detection. Below is the illustration of the functional diagram of the sensor
chip (Figure 5.9).
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Figure 5.9 : ECG sensor chip
In broad terms, the sensor reads the voltage difference of both hand palms in the
millivolt unit. The voltage difference is read 120 times in a second. Then a specific
algorithm analyses the measurement and draws the graph of the values. The algorithm

addresses the arrhythmia if there is any.
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5.1.4 Game Engine: Unity

All the environment is created in Unity 2018.2. As the patient holds the ECG bars, the
sensor signals ‘leads on’ information so the program understand measurement can be
taken. As the ‘leads on’ information are communicated through UDP connection,
Unity handles the received information and activates the physics component of the
bike game object. As long as there are the ‘leads on’ signal received from the sensors,
a specific physical force is exerted that enable the bike to move. When there are no
‘leads on’ signal is received from the ECG sensor, meaning that the patient is not
holding the bars, therefore measurement is not taken, the physics component gets
deactivated and the bikes stop. The measurement stops once the required amount of
ECG values is collected, in other words, the bike gets to the finish line (Figure 5.10).

DAG GEGIDIi
-

Figure 5.10 : ECG collectibles
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5.1.5 Fixing External Factors

I did not intend to hinder the influence of all the external factors but instead aim to
keep them constant. In other words, | tried to assess the effects of the gamified system

while keeping all the other parameters so as to say external factors fixed.

5.1.6 Utilizing Avatars

The study shows avatar feedback is very effective particularly those that are
customized for us makes us do harder exercise while watching the avatar lose weight
[71]. In the study, the participants who had personalized avatar feedback did almost

ten times more exercise than those you did not have an avatar.

Figure 5.11 : Wii avatars

That bodes well for the potential use of Mini-like avatars at home or at gyms, where
people are more likely to work out in front of screens (Figure 5.11). (And, in fact,
many home fitness games, including Wii Fit and EA Sports Active, use avatar
feedback to engage players in harder workouts.) The researchers theorized that seeing
virtual versions of themselves doing a positive activity stimulated memories of the
subjects’ own real-life positive experiences, making them more likely to reengage in

the activity.

This is a good choice to use cute avatars. Wii and EA Sports, are great examples of
using avatars to get the people into action (Figure 5.12). In the studies, it is argued that

watching virtual avatars, contributes to the overall experience.
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Figure 5.12 : EA Sports Active avatars

An academician has put forth a claim that there is an emotional bond to virtual avatars.
The avatars appear to be adorable defenseless actors, that are modified to seem in that
way, incite a designed human want to sustain and think about them. “Time spent
playing with them feels like care-taking, an act of responsibility and altruism,” she
explains. She argues, we develop compassion for them and spend resources on their

prosperity [72]. We feel more like caregivers when we make our avatar characters
happy.

The feedback of our avatar’s wellbeing is not apparent as badges, coins, and
accomplishments. As we keep on figuring out how to inspire ourselves by applying

the best structure techniques of games, we will learn more [39].

Considering the findings mentioned above, | included avatar selection at the beginning
of the flow which accompanies patients throughout the vital sign measurement
journey. That being said, | introduce using personalized avatars as an element of a

gamification design principle for our case.
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6. TEST AND RESULTS

6.1 TEST

The execution of the experiment is done with 3 children aged 5,7 and 11. They all
seemed to be at their very normal metabolism. The measurements were done in the
R&D office in Argelik in the ITU Teknokent office. Therefore, the environment was
not similar to those at the hospital where this kind of gamified product may take place

in the future rather than the office environment.

Measurements of the patients are carried out on a sequential basis where they had the
environment to see each other’s measurements as it’s likely to be that way in the
hospital environment. As we observed, watching other patients playing the game,
created anticipation and excitement (Figure 6.1).

Figure 6.1 : Measuring Environment (First Participant)
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During the experiment, I captured the participants’ faces for further studies in regard
to analyzing the correlation by detecting their feelings and ECG values. However, for
this stage of the thesis, we chose to limit our observation to the accuracy of vital sign

measurements, promoting adherence and reducing stress.

The experiment started with the first child aged 5. Without giving any prior
information, I asked the children to sit in the kiosk and told him, we will play a game.
His sister, aged 7, and other child aged 11 was among the audience where they can
observe what is going on. As the child was not capable of reading and writing, | voiced
over the sentences appearing on the screen. As the visuals and animations were self-
explanatory, the child aged 5 almost completed the measurement with non-to little
external direction. He seemed quite enjoying the experience and showed no indication
of stress. At the end of ECG measurement, he was very insistent to try it again which

was a promising indicator of high adherence rates.

Figure 6.2 : Second Participant
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The second participant aged 11 had read and writing competency, and the bigger sister
of the first participant. She seemed quite eager trying for the measurement for the first
time. Observing her brother playing the game, built up excitement for her, that was
very obvious. This time, | did not interfere, and she got her measurements taken
without anyone stepping in. I also recorded her getting the measurement for further

analysis of her feelings by facial impressions (Figure 6.2).

Figure 6.3 : Third Participant

The last participant was aged 7, female, capable of reading and writing. She also
watched other participants experience the process so very content with trying on her
own. In her case, we did not run into any complication, the procedure went as planned
and we took the measures. She was the only one, who understood that while she was
playing the game, we took her measurements. We saved her ECG values; | again

recorded her video for further analysis (Figure 6.3).
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6.2 RESULTS

6.2.1 ECG Measurements

We measured the ECG values of the 3 participants. After the initial measurement, we
collected raw values of voltage difference of both hand palms in millivolt unit 120
times per second. Considering, for every child, the measurement took place for 1.5
minutes, we collected roughly discrete 7.500 raw voltage difference values (Figure
6.4).

{"command": "scg-data", "data": {"index": 7526, "valus": 531.33513287412775}}
{"command": "scg-data", "data": {"index": 7527, "valus": 5%1.7685170167886}}
{"command": "scg-data", "data": {"index": 7528, "valus": €16.32785663573}}
{"command": "ecg-data", "data": {"index": 7529, "value": 603.8230160603979}}
{"command": "scg-data", "data": {"index": 7530, "values": 543.5210445645068}}
{"command": "scg-data", "data": {"index": 7531, "valus": 447.53645%4771354}}
{"command": "ecg-data", "data": {"index": 7532, "valus": 320.141¢30285%2407}}
{"command": "scg-data", "data": {"index": 7533, "values": 165.768530328%7316}}
{"command": "scg-data", "data": {"index": 7534, "valus": 5.85475%3265200682}}
{"command" "scg-data", "data": {"index": 7535, "wvalus": -145.84058281648622}}
{"command": "scg-data", "data": {"index": 7536, "valus": -260.%4153%70437533}}
{"command": "ecg-data", "data": {"index": 7537, "value": -35%.%918311%22432}}

Figure 6.4 : Raw ECG values
Following, an algorithm, which is uniquely developed in Argelik Innovation
Department, analyzed the raw values to draw the graph of ECG values and show some

other indicators in milliseconds such as;
e Heart Rate (HR)

e SDNN: Standard deviation of beats or N-N internals. In other words, the

difference in the duration among heartbeats.
e PR: Duration between P and R beats
e QT: Duration between Q and T beats
e QRS: Duration between Q-R-S beats

The algorithm addressed the arrhythmia if there is any.
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6.2.2 Analyzed Results of the Measurement

Before sharing the analyzed results of the ECG measurement of the 3 participants, it’s
worthwhile to explain the PQRST waves in general for better understanding (Figure

6.5).

QRS
Complex

Figure 6.5 : PQRST beat

e P Wave stands for de-polarization of the atria
e QRS Wave stands for the de-polarization of the ventricles
e T Wave stands for the re-polarization of the ventricles.

With that being mentioned, here are the analyzed results of ECG measurements;

Ritim: Normal Hiz: Normal Ortalama HR: 68 bpm SDNN: 3128 ms PR: 1190 ms QT: 3867 ms QRS: 101.6 ms
N: Normal Atim  F: False (Pseudo) Atim  P: Pause
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Figure 6.6 : ECG Analyzed Result of Participant-1
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7. CONCLUSION

7.1 Conclusion of the Experiment

As we are in pursuit of observing the positive effects of gamification of vital sign
measurements on children’s health, we would like to observe three things, those are,
promoting adherence, increasing the accuracy of the vital signs measurement and

reducing stress.

7.1.1 Accuracy of Vital Signs Measurement

Reading the ECG of pediatric patients is hard. Due to special conditions in measuring
ECG of pediatric patients as well as these cases presents itself very seldom, the process
IS prone to errors. According to research, there is a huge variation in the interpretation
of ECG measurements in terms of accuracy up to 32% [73,74].

As we mentioned before, the mental state of the individual effects the outcome of the
measurement is a discrepancy in ECG measures up to 20% [58]. So, by using

gamification elements to we brought the heathy kids, into a playful mental state.

Under these circumstances, the analyzed results of the experiment show us, the

outcomes sit between normal values of pediatric patients aged 5-12 [75].

On its own, we can’t make an assumption that accuracy is higher than the normal one,
however, it still, give us the right to say we can argue, this measurement as accurate
as standard ECG measurement. The various metrics comply with the normal values,
such as HR, SDNN, and QRS intervals. Therefore, it strengthens our hypostasis that

the measurement is accurate.

7.1.2 Promoting Adherence

As we observed in the experiment, children aged between 5-12 show considerable
interest in games not only playing but also watching some other people playing.
According to what we inspected, watching other patients playing the game, created

anticipation and excitement for the children. In the experiment, participants were keen
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on playing the same game (taking measurements) over and over again and also the
other games which are SP02 and Blood Pressure measurement. At the end of each
measurement, they were quite insistent to try the other measurements. Based on these
indicators, we may assert that gamification in healthcare would promote adherence
rates for pediatric patients as they would like to keep coming back especially with
updated content.

7.1.3 Reducing Stress

As we stated earlier, interactive games help the kids feel empowered by activating
optimistic emotions and the reward system, after observing the kids during the
experiment, we saw no sign of stress. Considering the environment is an office, still, a
child is prone to be resistant and scared towards uncertainty and medical devices.
However, providing a set of information in a narrative format before the measurement
Is taken, made the kids relaxed, resilient and feel in control. By providing kids with a
playful environment, we not only reduce stress but also made things more entertaining,

interesting and fun.

7.2 Further Things to Study

The experiment took place in Arcelik Innovation Headquarter, that is an office
environment. It would be sound to carry out the experiment in a hospital environment.
We didn’t have the chance to move the health kiosk due to regulatory and logistical
issues in a hospital environment. However, given the chance to make it, the experiment
in a hospital environment with the same gamified system would be definitely
beneficial in terms of reduced stress and promoting adherence.

Apart from that, the study can even be deepened if carried out with a control group.
So, the comparison of the results of the measurements between the gamified version
and the non-gamified version of the system would likely yield more detailed findings

to discuss.

34



REFERENCES

[1] Deterding, S., Dixon, R., Khaled, R., and Nacke, L. (2011). From game design
elements to gamefulness: defining gamification, In Proceedings of the
15th International Academic MindTrek Conference: Envisioning
Future Media Environments, September 28-30, Tampere, Finland,
ACM, pp. 9-15.

[2] Hamari, J., and Lehdonvirta, V. (2010). Game design as marketing: How game
mechanics create demand for virtual goods, International journal of
business science and applied management, 5(1), pp. 14-29.

[3] Hamari, J. (2013). Transforming Homo Economicus into Homo Ludens: A Field
Experiment on Gamification in a Utilitarian Peer-To-Peer Trading
Service, Electronic Commerce Research and Applications, 12(4), pp.
236- 245.

[4] Ryan, R. M., and Deci, E. L. (2000). Self-determination theory and the facilitation
of intrinsic motivation, social development, and well-being, American
psychologist, 55(1), pp. 68-78.

[5] Huotari, K., and Hamari, J. (2012). Defining gamification: a service marketing
perspective, In Proceedings of the 16th International Academic
MindTrek Conference, October 3-5, Tampere, Finland, ACM, pp. 17-
22.

[6] Monitor Deloitte (2019). Boosting patient empowerment and motivational pull
Achieving the next level in a gamified health environment., retrieved
on March 01, 2019 from
https://www?2.deloitte.com/content/dam/Deloitte/sk/Documents/Marke
ting/Boosting%20patient%20empowerment.pdf.

[7] Hamari, J., Koivisto, J., and Sarsa, H. (2014). Does Gamification Work? — A
Literature Review of Empirical Studies on Gamification., In
proceedings of the 47th Hawaii International Conference on System
Sciences, Hawaii, USA, January 6-9.

[8] Higi SH llc. (n.d). retrieved on March 02, 2019 from
https://www.mobihealthnews.com/content/health-kiosk-maker-higi-
raises-213m-series-c

[9] Pursuant Health. (n.d). retrieved on March 05, 2019 from
https://pursuanthealth.com/health-kiosk

[10] Donato, G., Bartlett, M. S., Hager, J. C., Ekman, P., and Sejnowski, T. J.
(1999) Classifying facial actions. Pattern Analysis and Machine
Intelligence, IEEE Transactions on 21, 10, 974-989.

[11] Ekman, P. (1993) Facial expression and emotion, American psychologist 48, 4,
384.

35


https://www2.deloitte.com/content/dam/Deloitte/sk/Documents/Marketing/Boosting%20patient%20empowerment.pdf
https://www2.deloitte.com/content/dam/Deloitte/sk/Documents/Marketing/Boosting%20patient%20empowerment.pdf
https://www.mobihealthnews.com/content/health-kiosk-maker-higi-raises-213m-series-c
https://www.mobihealthnews.com/content/health-kiosk-maker-higi-raises-213m-series-c
https://pursuanthealth.com/health-kiosk

[12] Fankhauser, B. (2013). Is gamification just a fad? retrieved on March 07, 2019
from http://mashable.com/2013/05/17/gamification-buzzword

[13] Ferguson, B. (2012). Games for wellness—impacting the lives of employees and
the profits of employers, Games for Health Journal. Jun;1(3):177-179.

[14] Ferrara, J. (2013). Games for persuasion: Argumentation, procedurality, and the
lie of gamification, Games and Culture. Aug 27;8(4):289-304.

[15] McDonald, M., Musson, R., and Smith, R. (2008). Using Productivity Games
to Prevent Defects, The Practical Guide to Defect Prevention,
Microsoft Press, Redmond, 79-95.

[16] Takahashi, D. (2008). Funware’s threat to the traditional video game industry,
Venturebeat, http://goo.gl/O9ISq, retrieved on March 2019.

[17] Ferrara, J. (2012). Playful Design. Creating Game Experiences in Everyday
Interfaces, Rosenfeld Media, New York.

[18] Dignan, A. (2011). Game Frame: Using Games as a Strategy for Success, Free
Press, New York.

[19] McGonigal, J. (2011). Reality Is Broken: Why Games Make Us Better and How
They Can Change the World, Penguin, London.

[20] Bogost, 1. (2011). Persuasive Games: Exploitationware, Gamasutra,
http://goo.gl/jJK1VR, retrieved on March, 2019.

[21] Schell, J. (2010). Visions of the Gamepocalypse, Presentation, Long Now
Foundation, San Francisco, CA, July 27.

[22] Helgason, D. (2010). Trends, Unity Technologies Blog, http://goo.gl/AZ4vm,
retrieved on March, 20109.

[23] Zichermann, G., and Cunningham, C. (2011). Gamification by Design:
Implementing Game Mechanics in Web and Mobile Apps, O Reilly,
Sebastopol.

[24] Zichermann, G. (2011). A Long Engagement and a Shotgun Wedding: Why
Engagement is the Power Metric of the Decade, Presentation,
Gamification Summit, San Francisco, CA, http://goo.gl/jlaO0,
retrieved on March, 20109.

[25] Costello, B., and Edmonds, E. (2007). A study in play, pleasure and interaction
design, Proc. DPPI 2007, ACM Press, 76-91.

[26] Fontijn, W., and Hoonhout, J. (2007). Functional Fun with Tangible User
Interfaces, Proc. DIGITEL 07, IEEE 2007, 119-123.

[27] Gaver, W. W., Bowers, J., and Boucher, A. (2004). The drift table: designing
for ludic engagement, Proc. CHI EA ‘04. ACM Press, 2004, 885-900.

[28] Gaver, W. W. (2002) Designing for Homo Ludens, 13 Magazine 12.

[29] Nelson, M. J. (2012). Soviet and American precursors to the gamification of
work, In Proceedings of the 16th International Academic Mind Trek
Conference. Presented at Mind Trek, ACM, pp.23-26.

[30] Deterding, S. (2012). Gamification: designing for motivation, Interactions 19,
14-17

36


http://mashable.com/2013/05/17/gamification-buzzword

[31] Seaborn, Katie & Fels, Deborah (2014). Gamification in theory and action: A
survey, International Journal of Human-Computer Studies. 74. 2014.
10.1016/j.ijhcs.2014.09.006.

[32] Klabbers, J. (2018). On the Architecture of Game Science, Simulation &
Gaming, 49. 104687811876253. 10.1177/1046878118762534.

[33] Landers, R. N., and Lander, A. K. (2018). An empirical test of the theory of
gamified learning: The effect of leaderboards on time-on-task and
academic performance, Simulation & Gaming, 45, 769-785.
doi:10.1177/1046878114563662.

[34] Pyky, R., Koivumaa-Honkanen, H., Leinonen, A. M., Ahola, R., Hirvonen,
N., and lkaheimo, T. (2017). Effect of tailored, gamified, mobile
physical activity intervention on life satisfaction and self-rated health
in young adolescent men: A population-based, randomized controlled
trial, Computers in Human Behavior, 2017, 72, 13-22. doi:10.1016/j.
chb.2017.02.032.

[35] Landers, R. N., Auer, E., Collmus, A. and Armstrong, M. B. (2018).
Gamification Science, Its History and Future: Definitions and a
Research Agenda, Simulation & Gaming.

[36] Landers, R. N., and Armstrong, M. B. (2017). Enhancing instructional
outcomes with gamification: An empirical test of the Technology-
Enhanced Training Effectiveness Model, Computers in Human
Behavior, 2017, 71, 499-507. doi: 10.1016/j.chb.2015.07.031.

[37] Popper, K. (1963). Conjectures and refutations: The growth of scientific
knowledge, London, UK: Routledge.

[38] Hiiseyin, T. (2016). Gamification Design In The Service Of Health and Its
Evaluation, January, Bahgesehir University.

[39] Yan, T., Conrad, F. G., Tourangeau, R., and Couper, M. P. (2011). Should I
stay or should I go: The effects of progress feedback, promised task
duration, and length of questionnaire on completing web surveys,
International Journal of Public Opinion Research, 23, 131-147.
doi:10.1093/ijpor/edq046

[40] Rehn, A. (2016). Gamification as ideological practice: On play, games and the
modding of management, In “The business of gamification: A critical
analysis”, pp. 62-78. New York, NY: Routledge.

[41] Crumlish, C., and Malone, E. (2009). Designing social interfaces: Principles,
patterns, and practices for improving the user experience, Sebastopol,
CA: O’Reilly Media.

[42] Bjork, S., and Holopainen, J. (2005). Patterns in game design, Boston, MA:
Charles River Media.

[43] Isbister, K., and Schaffer, N. (2008). Heuristic evaluation of games. In Game
Usability, pp. 79-89.

[44] Belman, J., and Flanagan, M. (2010). Exploring the creative potential of values
conscious design: Students’ experiences with the values at play
curriculum. Eludamos, Journal for Computer Game Culture, 4, 57-67.

37



[45] Fullerton, T. (2008). Game design workshop: A playcentric approach to creating
innovative games, Amsterdam, NL: Morgan Kaufmann.

[46] Bernhaupt, R., Isbister, K., and De Freitas, S. (2015). Introduction to this
special issue on HCI and games.

[47] Deterding, S. (2015). The lens of intrinsic skill atoms: A method for gameful
design. Human- Computer Interaction, 30, 294-335. Retrieved from
http://dx.doi.org/10.1080/07370024.2 014.993471

[48] Thorndyke, P. M. (1977). Cognitive structures in comprehension and memory
of narrative discourse, Cognitive Psychology, 9, 77-110.
d0i:10.1016/0010-0285(77)90005-6

[49] Makedon, A. (1984). Playful gaming, Simulation & Gaming, 15, 25-64.
doi:10.1177/0037550084151003

[50] Klabbers, J.H. (2009). The magic circle: Principles of gaming & simulation, The
Netherlands: Sense Publishers

[51] Grand View Research (2019) ECG Equipment & Management System Market
Worth $7.6 Bn By 2025, https://www.grandviewresearch.com/press-
release/global-ecg-equipment-management-system-market  retrieved
on March 2019.

[52] Wicklund, E. (2019) Potential for Healthcare Kiosks in Improving Care
Delivery,
mHealthIntelligence,https://mhealthintelligence.com/features/potentia
I-for-healthcare-kiosks-in-improving-care-delivery retrieved on March
2019.

[53] Yonggiang, L., Christopher, J. V., Yuanchun, S., Wenyao, W.,
Shuangshuang, Z., Ke, F., and Ji, D. (2015) Designing and optimizing
a healthcare kiosk for the community, Applied Ergonomics, Volume 47,
Pages 157-169.

[54] Yang, C. C., and Chang, H. C. (2012) Selecting representative affective
dimensions using Procrustes analysis: an application to mobile phone
design, Applied Ergonomics. 43.

[55] AAMI (2009) Human Factors Engineering: Design of Medical Devices,
Arlington, VA.

[56] Borchers, J., Deussen, O., and Knorzer, C. (1995) Getting it across: layout
issues for kiosk system.

[57] MacWilliam, J. A., and Chang, H. C. (1933) Postural effects on heart-rate and
blood pressure, Q. J. Exp. Physiol. 23

[58] Madden, K., and Savard, G. K. (1995) Effects of mental state on heart-rate and
blood pressure variability in men and women, Clin. Physiol. 15,
557e569.

[59] Campbell, N. R., and McKay, D. W. (1999) Accurate blood pressure
measurement: why does it matter?, CMAJ Can. Med. Assoc. J.-J. de
I'Assoc. Med. Can. 161, 277e278.

[60] Maguire, M. (2014) Socio-technical systems and interaction design - 21st century
relevance, Applied Ergonomics. 45, 162e170.

38


http://dx.doi.org/10.1080/07370024.2%20014.993471
https://www.grandviewresearch.com/press-release/global-ecg-equipment-management-system-market%20retrieved%20on%20March%202019
https://www.grandviewresearch.com/press-release/global-ecg-equipment-management-system-market%20retrieved%20on%20March%202019
https://www.grandviewresearch.com/press-release/global-ecg-equipment-management-system-market%20retrieved%20on%20March%202019
https://mhealthintelligence.com/features/potential-for-healthcare-kiosks-in-improving-care-delivery
https://mhealthintelligence.com/features/potential-for-healthcare-kiosks-in-improving-care-delivery

[61] Rogers, W. A,, Fisk, A. D., McLaughlin, A. C., and Pack, R. (2005) Touch a
screen or turn a knob: choosing the best device for the job, Hum.
Factors 47, 271e288.

[62] Bergweiler, S., Deru, M., and Porta, D. (2010) Integrating a multitouch kiosk
system with mobile devices and multimodal interaction, In: ACM
International Conference on Interactive Tabletops and Surfaces. ACM,
Saarbrucken, Germany, pp. 245e246.

[63] Eiriksdottir, E., and Catrambone, R. (2011) Procedural instructions, principles,
and examples: how to structure instructions for procedural tasks to
enhance performance, learning, and transfer, Hum. Factors 53,
749e770

[64] Pamela, K.M., Steve, W., Andrew, S.B., and Pollock, B. H. (2008) A Video
Game Improves Behavioral Outcomes in Adolescents and Young
Adults with Cancer: A Randomized Trial, August, Pediatrics, 122.

[65] Oscar Health app, https://www.hioscar.com/app retrieved on March 2019.

[66] Burggers, et al. (2012) Patient-Empowerment Interactive Technologies,
September, 4: (152), Science Translational Medicine.

[67] Zhao, S., Brumby, P., Chignell, M., Salvucci, D., and Goyal, S. (2013) Shared
Input Multimodal Mobile Interfaces: Interaction Modality Effects on
Menu Selection in Single-Task and Dual-Task Environments, in
Interacting with Computers, vol. 25, no. 5, pp. 386-403, Sept. doi:
10.1093/iwc/iws021

[68] Cil, E. (2016) Pediatriye Giris: Cocuklarda dykii alma ve fizik muayene, Nobel
Tp Kitabevleri, Istanbul.

[69] Korn, O., Funk, M., Abele, S., Horz, T., and Schmidt, A. (2014) Context-aware
Assistive Systems at the Workplace: Analyzing the Effects of
Projection and Gamification, PETRA ’14, 38:1-38:8.

[70] Csikszentmihalyi, M., and Nakamura, J. (2002) The concept of flow. In the
Handbook of Positive Psychology, Oxford University Press.

[71] Fox, Jesse, and Jeremy, N. B. (2009) Virtual Self-Modeling: The Effects of
Vicarious Reinforcement and Identification on Exercise Behaviors,
Media Psychology, 12: 1-25. DOI: 10.1080/15213260802669474.

[72] Donath, J. (2004) Artificial Pets: Simple Behaviors Elicit Complex Attachments,
In Marc Bekoff, ed., The Encyclopedia of Animal Behavior, Santa
Barbara, CA: Greenwood Press.

[73] Horton, L., Mosee, S., and Brenner, J. (1994) Use of the electrocardiogram in
a pediatric emergency department, Arch Pediatr Adolesc Med.

[74] Wathen, J., Rewers, A., Yetman, A. et al (2005) Accuracy of ECG
interpretation in the pediatric emergency department, Ann Emerg Med.

39


https://www.hioscar.com/app%20retrieved%20on%20March%202019

[75] Ashraf, A., and Soham, D. (2017) A Chapter in Core Concepts of Pediatrics,
Dept. of Pediatrics University of Texas Medical Branch.

40



CURRICULUM VITAE

Name Surname : Eren Gokgiir

Place and Date of Birth - istanbul 09/03/1993

E-Mail : erengokgur@gmail.com
EDUCATION
e B.Sc. : 2016, ITU, Management Faculty, Industrial

Enginnering Department
e B.Sc. Erasmus Exchange : 2015, Technical University of Cracow,

Computer Science Department

PROFESSIONAL EXPERIENCE AND REWARDS:

2020 Bigger Games

2019 Argelik Innovation

2018 Fipple Digital Agency
2016-2018 Acibadem Health Group
2015 Borda Technology

2014 Royal Dutch Shell

2013 FutureBright

2013 Ford Otosan

PUBLICATIONS, PRESENTATIONS AND PATENTS ON THE THESIS:

e Gokgiir E., Halatoglu U., Cakin, 1., Yiyener, N.Z., filed on 2019. Vital Bulgu
Olgiimlerinin Otonom Saglik Terminalinde Oyunlastirma ile Iyilestirilmesi.

41



