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ABSTRACT
DESIGN AND DEVELOPMENT OF APPLICATION SUPPORTING
PEOPLE WITH MOBILITY ISSUES USING THE KINECT PLATFORM

STUDENT NAME, SURNAME:

SUPERVISOR NAME, SURNAME:

Dafni-Spyridoula, Ventza

Nikolaos, Avouris

This thesis is regarding designing and developing a game application using the
camera sensor of Microsoft Kinect v1 released in 2010 by Microsoft Corporation. The
application is targeted to people with mobility issues and approaches the topic of
exergaming; a term used for utilizing digital games for exercise and rehabilitation
processes. Main application goal is to investigate the impact games have on people
facing disabilities risks – mostly those of low-to-medium severity impairments - and
patients facing a lack of balance due to different diseases and disorders they are
living with. The user persona specified for the thesis topic is people first and
foremost experiencing autoimmune diseases, and secondarily people that have
experienced, in the early past, strokes, heart attacks or orthopedics related issues.
The game designed and developed after comprehensive analysis and consideration is
called “Parkland” and is an open world game, simulating the user via an avatar
positioned in an open environment scene.
The walkthrough of this dissertation provided a proposed solution which serves the
Player-Centered Design framework for the player persona defined. Accessibility has
been taken into first stage considerations in addition to the Cattel-Horn Carrol (CHC)
cognitive psychology theory with McGrew enhances.
User Testing conducted with a limited sample of four people – three remotely and
one live – offers justification to the design affirmations and suggests additional
future improvements and additions to the application.

Keywords
Kinect sensor, Kinect v1, Unity, Game Design, Level Design, Mobility, Exergaming,
Natural User Interface, Motion Gaming, User Experience, Mixed Reality, PlayerCentered Design, Accessibility, Camera projection, Gait Analysis, Cognitive Design

ABBREVIATIONS & TERMS
UX

User Experience

UI

User Interface

API

Application Programming Interface

FoV

Field of View – referring to camera perspective to a scene

NUI

Natural User Interface

Game Object

Object in the Unity game engine environment

URP

Universal Render Pipeline – provided by Unity for optimized
graphics across various platforms.

3D

3 dimensions

Churn rate

Rate indicating the times a user gives up

due to lack of

interest or difficulties in the game.
A/B testing

Method of comparing two different environments for
evaluating the best user experience outcome.

Empathy mapping

Framework used in the fields of UX and HCI trying to
understand better the end user.

JTBD

Jobs-To-Be-Done framework by Jim Kallbach

WCAG 2.0

Web Content Accessibility Guidelines

SIG-IGDA

Special Interest Group - International Game Developer’s
Association

HCI

Human Computer Interaction

CHC

Cattel-Horn-Carrol cognitive theory

ΕΚΤΕΤΑΜΕΝΗ ΕΛΛΗΝΙΚΗ ΠΕΡΙΛΗΨΗ
ΣΧΕΔΙΑΣΗ ΚΑΙ ΑΝΑΠΤΥΞΗ ΕΦΑΡΜΟΓΗΣ ΣΤΗΝ
ΠΛΑΤΦΟΡΜΑ KINECT ΓΙΑ ΥΠΟΣΤΗΡΙΞΗ ΑΤΟΜΩΝ ΜΕ
ΚΙΝΗΤΙΚΑ ΠΡΟΒΛΗΜΑΤΑ
ΟΝΟΜΑΤΕΠΩΝΥΜΟ

ΟΝΟΜΑΤΕΠΩΝΥΜΟ

ΦΟΙΤΗΤΗ: Δάφνη-Σπυριδούλα

ΕΠΙΒΛΕΠΟΝΤΟΣ: Νικόλαος

Βέντζα

Αβούρης

ΠΕΡΙΛΗΨΗ
Αυτή η διπλωματική διατριβή αποσκοπεί στο σχεδιασμό και την ανάπτυξη μιας
εφαρμογής παιχνιδιού χρησιμοποιώντας τον αισθητήρα κάμερας του Microsoft
Kinect v1 που κυκλοφόρησε το 2010 από την εταιρεία της Microsoft. Η εφαρμογή
απευθύνεται σε άτομα με κινητικά προβλήματα και προσεγγίζει το θέμα της
ορολογίας exergaming. Ο όρος exergaming εστιάζει και αναφέρεται στη χρήση
ψηφιακών παιχνιδιών για διαδικασίες άσκησης και αποκατάστασης του ατόμου από
περιόδους προσωρινής ή μόνιμης βλάβης στο κιναισθητικό και γενικότερο κεντρικό
νευρικό σύστημα αυτού.
Ο κύριος στόχος της εφαρμογής είναι να διερευνηθεί το αντίκτυπο που έχουν τα
παιχνίδια στα άτομα με κινητικά προβλήματα – κυρίως σε άτομα με προβλήματα
από χαμηλής έως και μέσης σοβαρότητας στα κάτω άκρα αυτών – και στους ασθενείς
που αντιμετωπίζουν έλλειψη ισορροπίας λόγω διαφορετικών ασθενειών και
διαταραχών με τις οποία ζουν. Ως user persona που εστιάζεται στο θέμα της
διατριβής είναι τα άτομα που αντιμετωπίζουν πρωτευόντως αυτοάνοσα νοσήματα, ή
δευτερευόντως εγκεφαλικά επεισόδια, καρδιακές προσβολές ή ορθοπεδικά κωλύματα
στην καθημερινότητά τους. Το παιχνίδι που σχεδιάστηκε και αναπτύχθηκε μετά από
διεξοδική ανάλυση και εξέταση διαφορετικών ενδεχόμενων που θα παρουσιαστούν
στη συνέχεια ονομάζεται "Parkland" και είναι ένα παιχνίδι ανοιχτού κόσμου,

δηλαδή ένα παιχνίδι που προσομοιώνει τον παίκτη μέσω ενός avatar τοποθετημένο
σε μια σκηνή περιβάλλοντος.
Η αναλυτική δομή αυτής της διατριβής περιγράφεται ως ακολούθως.

Αρχικά,

γίνεται μια εισαγωγή στο δηλωθέν προβλήμα προς επίλυση και επεξηγούνται θέματα
του κλάδου της Αλληλεπίδρασης Ανθρώπου-Υπολογιστή που έχουν αποτελέσει
μεγάλο εμπνευστή σε αυτή την εργασία. Πέραν αυτών, γίνεται μία αξιοσημείωτη
αναφορά στον κλάδο σχεδιασμού παιχνιδιών. Δεύτερον, το θεωρητικό και
τεχνολογικό υπόβαθρο περιγράφεται για τα εργαλεία και τα πλαίσια που
χρησιμοποιούνται στη διαδικασία σχεδιασμού αυτής της διατριβής, αφού γίνει
επισκόπηση των προϋπαρχόντων ερευνητικών προσεγγίσεων. Τρίτον, οι όροι User
Experience

και

το

framework

Player-Centered

Design

παρατίθενται

και

σχολιάζονται για την αποπεράτωση της σχεδίασης και ανάπτυξης παιχνιδιών. Στον
πυρήνα αυτής της διατριβής, οι διαδικασίες σχεδιασμού και ανάπτυξης εξηγούνται
με εικόνες που επισυνάπτονται σαν προτεινόμενη λύση και τυχόν απαιτούμενες
διαμορφώσεις που ακολουθήθηκαν.
Η διπλωματική, ακολουθώντας τεχνολογίες game design που οδηγούν σε
αποτελεσματικότερη υλοποίηση χρησιμοποιεί το εργαλείο της Unity. Έχοντας ως
απότερο σκοπό την έρευνα στα πλαίσια μιας ατομικής διπλωματικής εργασίας,
προϋπάρχοντα packages έχουν εισαχθεί και χρησιμοποιηθεί στο project μέσω του
Unity Asset Store.
Στα πλαίσια της αξιολόγησης της εφαρμογής – παιχνιδιού που ανατύχθηκε διεξήχθη
user testing για λήψη δεδομένων που σχετίζονται με τη θεωρία συμπεριφορικής
ψυχολογίας του Cattel-Horn-Carrol και επεκτάσεις από τον Mc Grew. Τα
αποτελέσματα αυτά σχολιάζονται και δίνουν έναυσμα για μελλοντικές βελτιώσεις.
Αυτές οι μελλοντικές βελτιώσεις σε συνδυασμό με ιδέες και τεχνολογίες που
προέκυψαν ως ενδιαφέρον ερευνητικό φάσμα καθόλη την διαδικασία ανάλυσης,
σχεδιασμού και ανάπτυξη της εφαρμογής παρατίθενται ως μελλοντικές προεκτάσεις
της προτεινόμενης λύσης επί του θέματος. Φυσικά σε αυτό το δημείο πρέπει να
αναφερθεί ότι τα προβλήματα δεν έλειψαν και τυχόν καταστάσεις που επισκιάζουν
την λύση σε αυτή τη διπλωματική αναφέρονται με τη λύση τους ή ως ανοιχτά σημεία
προς περαιτέρω ερευνητική δράση.

Περιγραφή ερευνητικού ενδιαφέροντος

Καθ’όλη τη διάρκεια των τελευταίων ετών, παρατηρούνται ολόενα και αυξανόμενα
ποσοστά ατόμων που παραλείπουν τη φυσική άσκηση από τη καθημερινότητά τους.
Τα τελευταία δύο χρόνια έχει παρατηρηθεί εξίσου μία αύξηση στο συγκεκριμένο
πρόβλημα εξαιτίας της πανδημίας από το COVID-19 στέλεχος. Η έλλειψη άσκησης
οδηγεί τόσο σε περιορισμένη φυσική κατάσταση όσο και σε επιπτώσεις στην ψυχική
υγεία του ατόμου. Πάνω σε προβλήματα ψυχικής υγείας και διαφόρων παραγόντων
μπορεί να στηριχθεί και η ανάπτυξη αυτοάνοσων νοσημάτων σε ανθρώπους στην
ενήλικη ζωή τους ή στην μετάβαση αυτοσωματικών συνδρόμων σε νεογνά με
παρόμοιο αντίκτυπο. Στη διπλωματική αυτή εξετάζονται προβλήματα που μελετούν
την κινητικότητα του ατόμου και πώς αυτή έχει επηρεαστεί στα κάτω άκρα, και σε
ένα γενικότερο πλαίσιο ισορροπίας σε διαφορετικά περιβάλλοντα στα οποία το
άτομο τοποθετείται. Δεδομένης της έκφανσης του προβλήματος, το ζήτημα
διασφάλισης υγειών και δραστήριων οντοτήτων είναι μέρος της Agenda των
Ηνωμένων Εθνών και των Sustainable Development Goals. Ο λόγος που
αναφέρονται όλα αυτά είναι σχετικά με το γιατί ένα τέτοιο πρόβλημα αφορά τους
μηχανικούς και ότι η έρευνα αυτού αποτελεί scalable προσέγγιση και σε άλλες
κατηγορίες προβλημάτων στην φυσική και ψυχική υγεία.
Στο παρελθόν, και ειδικότερα με την επίσημη δημοσίευση προς το ευρύτερο κοινό
του Kinect ως hardware sensor καθώς και ειδικότερα του Software Development Kit
αυτού, το ερευνητικό ενδιαφέρον προβλήθηκε εντονότερα και άνθισε έως και ένα
διάστημα. Ωστόσο, παρατηρήθηκε ότι η μεγαλύτερη ανάλυση έχει διεξαχθεί σε
περιπτώσεις εξάσκησης και αποκατάστασης των άνω άκρων, έναντι των κάτω ή του
συνολικού body tracking μέσω του Kinect και για αυτό το λόγο προτείνεται ως
ερευνητικό ενδιαφέρον. Σημειώνεται ότι με την ένοια των άνω άκρων αποτυπώνεται
η προσπάθεια επίλυσης θεμάτων Parkinson, Διαλλειμματικής Απόσπασης Προσοχής
Υπερκινητικότητα και άλλων αντίστοιχων καταστάσεων που επηρεάζουν τις
λεπτεπίλεπτες κινήσεις των χεριών (fine motor skills). Λόγω αυτού, και διαφόρων
άλλων κινήτρων και ερευνητιών ενδιαφερόντων εξετάστηκε σε αυτή την εργασία το
εξής target group ατόμων με κινητικά προβλήματα σε συνδυασμό με:
1. Μειωμένη όραση (μόνιμη/μη)

2. Περιορισμένο συντονισμό κινήσεων
3. Αυξημένη ευαισθησία στο χώρο
4. Περιορισμένη αντοχή στα επίπεδα ενέργειας και φυσικής δραστηριότητας

Εξίσου σημαντικό αντίκτυπο στον κλάδο έρευνας προβλημάτων με τα κάτω άκρα
έφερε και η έρευνα στον υποκλάδο του “Exergaming” που ονομάζεται “Gait
Analysis”, η ανάλυση δηλαδή του τρόπου βάδισης ενός ατόμου στο χώρο για
παρατήρηση προβλημάτων στο κιναισθητικό του σύστημα μέσα από διαφορετικές
τεχνικές. Στην παρούσα διπλωματική ο ορισμός του Gait Analysis λαμβάνεται
υπόψιν ως προς τον τρόπο με τον οποίο αντιδράει το άτομο σε ερεθίσματα στο χώρο
και κατά πόσο αλλάζοντας σκηνές και πεδίο ορατότητας στο χώρο επηρεάζεται το
άτομο στη βάδιση ή τυχόν άλλο συντονισμό αισθήσεων.
Βάσει προηγούμενης έρευνας αξίζει να ειπωθεί ότι η χρήση Kinect sensor v1 και
Kinect sensor v2 είναι ιδιαιτέρως χρήσιμη και ενδιαφέρουσα για το κοινό της
Αλληλεπίδρασης Ανθρώπου Υπολογιστή λόγω του ότι αξιοποιεί την τεχνολογία ενός
Natural User Interface. Τα Natural User Interfaces είναι διεπαφές κατά τη χρήση των
οποίων ο άνθρωπος μεταφέρεται σε μια προσωμοίωση του φυσικού του
περιβάλλοντος μέσω του ψηφιακού κόσμου. Πιο συγκεκριμένα το Kinect σε αυτή τη
διπλωματική εξετάσθηκε ως NUI tool για ανάπτυξη παινιχιδού χρησιμοποιώντας
κινήσεις τόσο των χεριών για εναλλαγή επιπέδων – σκηνών στο παιχνίδι όσο κατά
βάση για τη βάδιση αξιοποιώντας το body tracking για το Kinect.
Όπως έχει προαναφερθεί, η ανάλυση εστιάζει στη θεωρία συμπεριφορικής
ψυχολογίας που απέδωσε ερευνητικούς και εμπειρικούς κανόνες από τους CattelHorn-Carrol με τις McGrew επεκτάσης αυτής. Αναφορικά οι ικανότητες αυτής της
θεωρίας που θα απασχολήσουν είναι:

•

Gk, δηλαδή η κιναισθητική κατάσταση στην οποία βρίσκεται το άτομο κατά
τη διαρκεια της εφαρμογής.

•

Gs, δηλαδή η εξέταση της γρήγορης αντίληψης και αποφασιστικότητας ως
προς τις κινησεις που χρειάζεται να γίνουν ανά τη σκηνή.

•

Gv, δηλαδή η ικανότητα για την οπτικοποίηση του τι θα συμβεί σε μία σκηνή
καθώς επίσης και την αναγνώριση patterns από σκηνή σε σκηνή από το
χρήστη.

•

Gp, δηλαδή η ικανότητα συντονισμού των διαφορετικών μελών του σώματος
στη διαδικασία.

Σχεδίαση και ανάπτυξη του παιχνιδιού

Έχοντας υλοποιήσει έρευνα και ανάλυση του προβλήματος, των αναγκών, των
χρηστών στους οποίους προορίζεται ένα τέτοιο σύστημα, καθώς και έχοντας
κατανοήσει τις τεχνολογίες που χρησιμοποιούνται στο χώρο του game design, έγινε
αφετηρία σχεδίασης και ανάπτυξης λύσης στην πλατφόρμα παιχνιδιών Unity. Ο
λόγος για τον οποίο δεν υλοποιήθηκε μια οποιαδήποτε εφαρμογή για άτομα με
κινητικά προβλήματα και επιλέχθηκε συγκεκριμένα αυτή η εφαρμογή να είναι ένα
παιχνίδι, είναι για την αξιοποίηση των οφελών που μπορεί να προσφέρει ένα
παινίχνιδι σε βάθος μέσω του exergaming τομέα. Χρησιμοποιώντας λοιπόν πακέτα
του Unity Asset Store που αναφέρονται στη βιβλιογραφία, επιτυγχάνεται η
δημιουργία ενός χώρου πάρκου με το avatar model στη σκηνή. Όπως φαίνεται στις
εικόνες των διαφορετικών επιπέδων του παιχνιδιού στα οποία ο χρήστης καλείται να
περπατήσει συλλέγοντας κέρματα στο χώρο για αύξηση σκορ, έχει γίνει υλοποίηση
ενός ρεαλιστικού και μινιμαλιστικού χώρου, ο οποίος είναι ομοιογενής ως προς τα
διαφορετικά επίπεδα διασφαλίζοντας intuitiveness, consistency και γενικότερες
αρχές του game design. Σε κάθε επίπεδο τέλος, εξετάζεται η κάμερα, η απόσταση
μεταξύ των κερμάτων προς συλλογή, καθώς και η επίδραση του ατόμου από το
διαφορετικό φωτισμό των σκηνών όπως αυτός απεικονίζεται στις εικόνες στη
συνέχεια.

Εικόνα 1. Επίπεδο Παιχνιδιού 1

Εικόνα 2. Επίπεδο Παιχνιδιού 2

Εικόνα 3. Επίπεδο Παιχνιδιού 3 με εμφάνιση του Statistics Panel
στο γραφικό περιβάλλον παιχνιδιών Unity σε play mode

Εικόνα 4. Επίπεδο Παιχνιδιού 4

Στο παιχνίδι αξίζει να αναφερθεί ότι υπάρχει και το ακουστικό ερέθισμα στον
παίκτη, οπότε το στοιχείο ρεαλισμού προσεγγίζεται αρκετά. Τέλος, το σκορ που
επιτυγχάνει ένας παίκτης σώζεται τοπικά μέσω XAML τεχνολογίας για review
από τον παίκτη ή το γιατρό του όποτε αυτό κριθεί απαραίτητο.
Η ανάπτυξη ενός παιχνιδιού δεν σταματάει εδώ, αφού οφείλει ο σχεδιαστής και
προγραμματιστής σε κάθε εφαρμογή να κάνει ένα είδος quality assurance
(ποιοτικό έλεγχο) ως προς τυχόν λάθη στο User Interface, στην ταχύτητα του
rendering, στο γενικότερο expected behavior της εφαρμογής. Συνεπώς,
ακολουθήθηκαν τα απαραίτητα βήματα μέσω του Unity για Profiling &
Debugging, όπου ανακαλύφθηκαν θέματα καταστροφικά προς επίλυση όπως
αυτό των πολύ χαμηλών Low Frames Per second να γίνεται εμφανές το πριν και
το μετά στις εικόνες που ακολουθούν.

Εικόνα 5. Statistics panel Πριν το Profiling & Frame debugging

Εικόνα 6. Statistics panel Μετά το Profiling & Frame debugging

Και τα αποτελέσματα του profiling που παρατηρήθηκαν πριν το quality assurance
provisioning φαίνονται στη συνέχεια.

Εικόνα 7. Statistics panel όπου το rendering στο profiler window
απεδήχθη το πιο κοστοβόρο

Αξιολόγηση και μελλοντικές προεκτάσεις

Λόγω της δεδομένης κατάστασης με την πανδημία και απευθυνόμενοι με αυτή τη
διπλωματική σε άτομα ευπαθών ομάδων, διεξήχθη μόνο ένα live user testing και
τρία άτομα ερωτήθησαν πάνω στις εικόνες που έχουν επισυναπτεί στην
προηγούμενη παράγραφο για την συνολική εμπειρία και τέσσερεις παράγοντες σε
κάθε επίπεδο παιχνιδιού. Κάθε πείρμα έγινε ατομικά με σεβασμό προς το ιατρικό
απόρρητο και εξετάστηκαν άτομα διαφορετικών νοσημάτων και ικανοτήτων
αντοχής και ισορροπίας κατά τη βάδιση και το χρόνο μετά από τον οποίον οι
χρήστες κουράζονται. Οι παράγοντες γύρω από τους οποίους διεξήχθη η συνέντευξη
χρηστών είναι:
1. Αισθητική του παιχνιδιού (Gv στη CHC θεωρία)
2. Αίσθημα αυξανόμενης δυσκολίας (Gp)
3. Αίσθημα στρες/κόπωσης (Gk)
4. Αναμενόμενο user flow.

Τέλος οι παίκτες δήλωσαν ομόφωνα ότι μια τέτοια εφαρμογή θα τους βοηθούσε στην
καθημερινότητά τους.

Μελλοντικές επεκτάσεις

Αυτές χωρίζονται σε επίπεδο design & development στην προκειμένη περίπτωση της
διπλωματικής. Στο πρώτο μέρος είναι θεμιτό να υπάρχει επιλογή avatar στη σκηνή
από τον ίδιο τον παίκτη, η εισαγωγή εμποδίων με αρνητική βαθμολόγηση
εξετάζοντας το αρνητικό instant gratification των παικτών σε αποκατάσταση,
multiplayer mode, καθώς επίσης και σχεδιασμός διαφορετικού περιβάλλοντος
ανάλογα τις εποχές και το πώς επηρεάζεται ο ασθενής παίζοντας την εφαρμογή. Στο
development επίπεδο, καλό θα ήταν να εξεταστεί το πρόβλημα και σε διαφορετικές
κάρτες γραφικών, όπως και να εισαχθούν πιο σύγχρονα εργαλεία στο συνολικό
σχεδιασμό όπως είναι η χρήση Cloud API για τα δεδομένα που συλλέχθηκαν και η
εφαρμογή μεθόδων Τεχνητής Νοημοσύνης για ανάλυση των walking patterns στα
πλαίσια του exergaming σε παιχνίδι ανοικτού χώρου.
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Chapter 1 – Introduction

Throughout the years, there have been various cases of people facing mobility issues
due to neurological diseases, accidents in everyday life, or temporary lack of
exercising causing obesity and lack of balance as health condition issue. The medical
field has been especially attentive to the correlation of exercising and health. In the
modern world and across different regions the health issues associated with mobility
have been increasing and are leading to an inconvenient way of lifestyle. It is a fact
that mobility issues are affecting not only to limited mobility, but also mental health
of patients [1].
Since the release of Kinect, as it is described thoroughly in Chapter 2 that follows, a
higher interest to the connection between games and health has been presented to
the research and industry communities. Hereinafter, this resulted into a new term
introduced, namely exergaming. Exergaming is a combination of two words –
exercise and gaming – and describes the utilization of digital games across different
platforms – gaming ones or just personal computers - for exercising and more
specifically focusing on rehabilitation processes [2].
In exergaming two of the most widely researched game platforms are the Kinect
Xbox and Nintendo Wii. Wii Fit has been one of the most played and famous game
devices released that reflects exergaming value [3], it is not the only one. Moreover,
additional games have been designed and developed for various cases, aiming to the
benefits – direct and indirect ones – a game shall offer to a patient in different
situations. The patient as a player needs to be researched in a meticulous user
journey mapping process, in order for all the patient’s pain points, needs, motivators
and opportunities to be harnessed appropriately.
By playing such games, it is observed and proved that a patient is engaged into the
rehabilitation process in higher rates, as well as with a more positive mindset
reducing churn rates [4]. Nevertheless, one of the biggest problems is to enable a
patient to be playing in their environment and seeing their progress throughout the
time. Seeing a progress is needed for patients, because they can be part of a pool of

people facing different diseases for longer or shorter time periods, with or without
relapses that affect their psychology and routines in life. As a result, progress review
in exergaming can provide the user with a better understanding as well as
encouragement to their routines to be followed. Not only that, but a patient could be
sharing their game results to their doctors, physiatrists, therapists, and any medical
entity involved in the process, for better comprehension and faster rehabilitation up
to medical personnel guidance.

1.1 Thesis structure

This thesis is structured in six Chapters as described below.
The Chapter 1 is the introduction to the dissertation raising awareness on the
problem and the connection to Human Computer Interaction field (HCI).
The Chapter 2 describes the theoretical and technological background as the pillars
used while the existing research overview results are recited.
The Chapter 3 defines the design process followed as well as the development phase.
The Chapter 4 provides the user testing evaluation process followed along with the
outcomes reached.
The Chapter 5 raises awareness on the problems encountered throughout the design
and development phase.
The Chapter 6 summarizes this dissertation and proposes future enhancements and
meticulous research recommendations on the problems as well as insights depicted
to the writer.

1.2 Problem statement and statistics

As described in [48], mobility difficulties are common to people with medical
conditions and are affecting both physical as well as emotional health. It is a duty to

the scientific field to provide solutions in those cases, which is happening for a
longer time.
According to World Health Organization, exercise is a subcategory of physical
activity that is planned, structured, repetitive, and purposive, it can happen during
leisure time aiming to maintain or improve the physical performance of a person.
Defined in the Sustainable Development Goals [36], 17 goals with 169 targets that all
the UN Member States have agreed to work towards by the year 2030, SDG #3:
Ensure healthy lives and promote well-being can be considered as part of the thesis
notion. More specifically, this SDG is divided into four main objectives:
1. Objective 1: Create Active Societies
2. Objective 2: Create Active Environments
3. Objective 3: Create Active People
4. Objective 4: Create Active Systems

Taking into consideration the aforementioned objectives and the general problem of
increased people with mobility impairments across Greece, Europe and globally, a
game application is designed and developed in this thesis.
Understanding the situation endangered by COVID-19 in the last two years period, it
is a fact that there is a disruption of essential health services, as well as physical
activity across the globe. People being locked into their places requires establishing
communication with the outside world, a way to escape reality and have fun in a
healthy and gainful way to their physique. A pain to this condition is also about
reporting progress in rehabilitation process remotely due to people’s fear in
everyday life being exposed to COVID-19 dangers. This has been forcing widely
communities to postpone or even cancel their healthcare examination.
According to European Commission and Disability Statistics publication by Eurostat
in 2019, there is 14.0% of people aged 15-64 reporting a basic activity difficulty, and
more specifically a 4.2 out of 7 female people and a 3.4 out of 7 male people reporting
basic activity difficulty phasing a Walking mobility issue [6]. In Greece, the general
number of activity difficulties is up to a 23% in this age group. Subsequently,
numbers presented are high and demand solutions to this problem. Apart from

people aged 15-64, younger as well as older groups of people have been vastly facing
motor impairments as research literature addresses.
This thesis is giving one perspective solution to the problem, after investigating the
existing overview in relative solutions as presented in Chapter 2.

1.3 Interactive Technologies and Human Computer
Interaction field

Before starting, it is wise to declare a technological field that has been closely
correlated to the issue and the philosophy in application design; that is the field of
Human Computer Interaction, known as well as Interactive Technologies and Man
Machine Interaction (MMI). It is the technology used by a person (patient) to interact
with a system (in the medical field), while as defined in [36], it is a system that has
strong interaction with a human. The system per se can vary from a traditional
physical device (i.e. mouse, keyboard, joystick) up to at the moment an Augmented
Reality product using specific target platforms.
As described in [7], after the 1970s when personal computers became used by more
people, the field of Human Computer Interaction became essential in various
application fields. Historically, computers were designed for being used by experts
on scientific ad hoc research. Throughout time, and by the mid 1970-1980s there was
a higher interest to HCI field from Palo Alto Research Center and by Don Norman as
the pioneer on design and usability engineering.
The goal of Human Computer Interaction field is to develop systems having a
positive user experience, being usable and adjusted in the needs and characteristics
of their user, while also defining methods and models that serve interactive systems.

1.4 User interaction around our world

1.4.1 Interfaces

Interface is any visual display of an application that a user can interact with. It is
important to mention that there are many types of interfaces. The very first years of
computer production, people used the Command Line Interface to serve their needs,
as a special interface with little if not none details to assist the user. Later, the
Graphical User Interfaces (GUIs) were introduced. GUIs are any kind of visually
organized organic user interfaces, flexible displays. Apart from the GUIs there are
couple of user interfaces types serving different goals, such as Tangible User
Interface (TUI) and Natural User Interface (NUI). Both TUIs and NUIs have been
used in serving an embodied learning process for younger ages as described in [38].
When it comes to games, there are different types of consoles those are targeted to.
Based on that, there is a differentiation in the interfaces designed and developed.

1.4.1.1 Natural User Interfaces and Kinect

Natural User Interface as defined in [33] is any human actions in the real world with
other humans and/or with real world objects.
Kinect is leveraging this principal, since it provides an intuitive experience via
gesture and audio recognition. In addition to that, Kinect has been designed
considering the user, the task that is needed to be done as well as the way the device
could be positioned into different environments.
In regards the human actions used in NUIs, they aim to comply with the principles
defined in User-Centered Design process. Actions can be either general human, such
as waving, walking, seeing, etc, as well as domain-specific, such as actions and skills
– both physical and cognitive - that are field specific as a patient in this case [20].
Natural User Interfaces are also focusing on simplicity and minimal interactions
between a device and humans.

1.4.2 User Interaction

As described in [8], everything around the world can be associated with a user
interaction, humans are interacting with the world from a very early stage in their
lives – both in digital and physical world. Some examples of physical devices to be
mentioned are washing machine in a household, vehicles and machines in industry
design, doors in interior design, and many more. In the digital world the changes
have been rapid, and the impact of Human Computer Interaction can be seen in the
development of desktops to laptops and smartphone mobile and tablet devices.
The impact of Kinect to the industry can be understood by taking into consideration
the miscellaneous fields that applications cover using Kinect – either v1 or v2
depending on the criteria served per case. Throughout the research, I would like to
mention that Kinect can be used for gaming industry, fitness, exergaming,
educational purposes, rehabilitation, Figure processing, film and art, robotics, point
cloud modeling to 3D (i.e. aerial photogrammetry), as well as even for agriculture as
described in [51].

1.5 Game Design & Game Development

Games have been part of human societies through the centuries for many different
cultures, with miscellaneous topics and genres, from time to time thriving to solve
various problems or others simply being a mean to socialize, escape reality, or
educate oneself [32]. Games have been played since the ancient times, and evolved
hand in hand with technology progress during the 20th and 21st century. More
specifically into the evolution of games, video games have been introduced to the
general public in different styles and target platforms. A video game is defined as “a
game which we play thanks to an audiovisual apparatus and which can be based on
a story” [44,16]. Games are also interactive systems and are of special research
interest the last decades. Different games genres have been a topic of interest in the
human computer interaction groups owing to the engagement reached from a player
as well as the user analysis required.

A game genre of great interest for this thesis study has been the open world genre.
Open world games are the ones defined as having the player simulated in a natural
environment. Such games aim for the public and are deemed to be more profitable
by corporate game studios.
Since I will be referring to the term gameplay frequently, it is important to explain its
definition. Gameplay is how a player interacts with a game. Providing different
levels to a game is also part of the Gameplay impact that will be explained in
Chapter 3 more extensively.
On top of those, it is important to mention the instantaneous feedback produced for
the patients’ progress, provides a stronger basis to the rehabilitation process.

Chapter 2 – Theoretical and Technical background

2.1 - Existing Research Overview

Since the interest in health application was increased, there have been
multidimensional research studies conducted, focusing on key factors per case. As in
Gabel et al (2012) explained gait analysis systems have been either expensive or
specific to the experiment environment [11]. Via Kinect, any patient can play games
related to their rehabilitation process, having no additional equipment attached to
themselves like markers. Simply by a camera in space, which requires no
maintenance, they track the stride of the users to analyze the accuracy of walking
steps. While their research is focused on male subjects of middle age, there have been
other researchers experimenting female subjects of that age group.
Similar research focusing mostly on women, due to the occurrence of the Multiple
Sclerosis (MS) disease in higher rates to them, that had been using the Nintendo Wii
Fit is the one by Robinson et al (2015) [3]. These researchers have been testing the
postural sway, gait, and user experience that exergaming offered to people with MS
in comparison to traditional balance training. As an important factor of this research,
it accredits ethical considerations, as those are referred to in Chapter 3.2 around the
Player Centered Design.
All research mentioned until now had as the target group middle aged humans.
Those, along with Pfau et al (2018)[32], vindicate that, games designed for Natural
User Interfaces (NUIs) are invaluable tools to medical conditions experienced by a
spectrum of humans.
In a similar manner, Kinect has been used as an analysis tool to the embodied
learning experiences. Experiments around that topic are targeting to educate people
via playing games. Undoubtedly, there is a connection between brain, body and the
world cues affecting the cognitive process. Kosmas et al (2017), explore the impact of
motion-based games to learning content for children in special education [33].
Generally, for any target age, as noted by Nguyen, and Larson (2015), in embodied

learning environments “learners are simultaneously sensorimotor bodies, reflective
minds, and social beings” [34]. In education, art, fitness, and cognitive psychology,
the way a human body interacts as a system, with the environment it is situated into,
has been appealing to the immersive technology research field [24]. Overall, every
research conducted until now has a unique perception to the problems and the
frameworks used, as well as a different response to the proposed solution for people;
shifting physical and mental characteristics, ages, stimuli received by the
environment are only some of the challenges in the exertion required in exergames.
By the same token, as part of the embodied learning experiments, Johnson-Glenberg
et al (2014) introduced an educational example to nutrition and health findings for
students [2].
Last, one already existing research on people to post-stroke rehabilitation and
balance improvements is done by Wüest et al (2014) in which, the difficulty levels
have been a considerable factor to this thesis design level adaptations outline [12].
And of course, the production by Nintendo Wii and Nintendo Switch today, shall
not be forgotten by the existing research overview.
Broadly used in the Academia, the Tangible, Embedded and Embodied Interaction
(TEI) addresses part of the Human Computer Interaction that in future could solve
problems even related to neuroscience, encompassing the mobility impairments in
this thesis interest.
On the existing solutions it is important to mention that a vast number of research
conducted is focused on the upper limb rehabilitation or improvement in every day
user jobs to be done [9]. This important difference in the paper strives for analysis in
the total body balance, having as a primary concern the center pelvis position and
lower limbs interaction in user gameplay. Not only that, but similar existing research
analyzes fields of younger age groups, especially in educational or cultural
institutions [27,28,29,41].
A last advantage to Kinect and Unity is also the markerless user testing,
contradictory to existing research studies [51].

2.2. Hardware

In this section the tools used are going to be described, along with any necessary
instructions followed.

2.2.1 Microsoft Kinect sensor v1 – Kinect for Xbox 360

Kinect is a camera sensor by Microsoft, that initially targeted the game industry as an
RGB-D sensor (Red-Green-Blue-Depth). Kinect as a sensor consists of different
sensors, an RGB camera, a depth sensor, four microphones, a motor tilt rotating the
axis of camera stand, an accelerometer, and an LED indicator as displayed in Figure
1 [25]. The RGB camera sensor captures 2D camera plane, while the depth sensor
consisting of an infrared project and infrared camera is projecting the space mesh
distances and dimensions of reflected items. Depth sensor is providing with gray
scale Figures, namely depth maps. Darker points in the depth map are representing
objects closer to the camera.

Figure 1: Kinect Sensor component identification [25]

The release of Kinect occurred in 2010, brought higher interest rates to various
industries as mentioned in previous sections. As a 3D Camera sensor, Microsoft
Kinect provides a sufficiently good quality of depth images, in low cost in
comparison to different camera hardware in production [29].
Kinect camera as a sensor provides a 3D point cloud dataset of the captured scene.
Hereinafter, segmentation and tracking of figures and objects can be easily attained
and it can be broadly used for various applications requiring Computer Vision
solutions.
On the contrary, one of the biggest problems with Kinect, as a stereo camera, is that it
is affected by the environment the user is located into; Kinect is affected by
illumination in space, distance to the camera itself ranging, similar characteristics in
color and shapes space areas which could lead to additional computational resources
depleted for Figure processing, which therefore can impact the speed and accuracy
of outcome.
Kinect requires a power adapter cable for the hardware to connect properly with a
computer device. The reasons for the adapter usage are that Kinect requires higher
power than a standard USB port serves and due to Kinect using an Xbox-only USB
connector. Throughout this thesis experiments, it has been observed that connecting
Kinect with its adaptor to USB 3.0 ports could bring to better results. One reason to
this, lays in the way of USB 3.0 protocols is working 10 times faster in transmitting
data in comparison to USB 2.0 [13].

2.2.1.1 Setting up the Kinect sensor

Having the hardware is not enough in order to design and develop applications
with. Therefore, a Software Documentation Kit is needed to enable creating
applications with gesture and voice recognition via the Kinect for Windows
technology in computers running Windows 7 and higher (same as Kinect for Xbox
360 in this use case after adaptor cable being connected). The Kinect SDK that is used
in this thesis is that of version 1.8 last published in 21/01/2021 [14] including the

required drivers, Application Programming Interfaces and Device Interfaces, and
samples both in C++ and C# programming language.

2.2.1.2 Human Interface Guidelines for Kinect

Once the Kinect sensor is set up by installing the Kinect for Windows SDK v1.8 as
described in the previous section, the Human Interface Guidelines for Kinect
documentation can be downloaded and reviewed [21]. This document provides with
invaluable information regarding the design process to be followed for achieving a
great user experience and Interaction Ranges information regarding the sensor
placement in environment.

Figure 2 - The ranges and optimal interactions areas as provided by the Kinect Human
Interface Guidelines v1.8.0 documentation [21].

More information considering the inputs provided to the camera as well as the
design process will be mentioned in Chapter 3 with attached examples from the
game developed and mental models followed.

2.2.2 Other camera sensors

The Kinect for Xbox 360 usage as a camera has its benefits as well as some issues,
which is why in this section, other camera sensors will be presented for possible
future research comparison analysis. Some sensors that could be named here for
future research analysis investigating different field of studies, speed requirements
as well as performance efficiency, are Microsoft Kinect v2, Azure Kinect for more
sophisticated computer vision and speech models in Artificial Intelligence, Intel
RealSense with a relative competitive analysis between this sensor and Kinect v2
conducted in [5], HTC Vive, and OptiTrack.

2.2.3 Target platform device

The system requirements of the target platform device used in this thesis are the
following:

•

Processor: Intel(R) Core(TM) i7-4710MQ CPU @ 2.50GHz 2.50 GHz

•

RAM: 24,0 GB

•

Operating System: 64 bit

•

Architecture processor: x64

2.3 Unity

2.3.1 Unity as a game engine

In this thesis, both in the prototype process as well as the game application
development, a game engine named Unity is used. Unity Engine provides a 2D and
3D game environment using API in C# programming language for the vast majority
of scripts. Unity was released in 2005 and is one of the most famous tools for game
development and applications development overall, since it provides mobile SDKs,
VR and XR plugins and many more.
The reasons for choosing Unity lay to its flexibility, being free of charge for such
project types, having a strong support community (in comparison to Microsoft
Kinect outdated Software Development Kit community of practices), as well as
miscellaneous plugins, packages and assets created by the Unity community. Two
important influences were the SDK Unity plugin to develop Kinect enabled games in
the Unity 3D along to using C# as an object-oriented programming language that
provides efficient to making quality assurance testing code development. The
version used is the Unity 2020.3.28f1 Personal installation standalone.
The combination of Unity and Kinect SDK from Microsoft are a place for convenient
game development in comparison to C++, GLSL, Blender and other techniques
focusing on developing games in lower level for higher speed.
By that being said, as it can be understood, there are various drawbacks to be
considered regarding different ways in game development that are kept out of this
thesis scope.

2.3.2 Unity Basics

Unity as a high-level development game engine provides an interface to design and
organize the game, while assembling the scripts developed and configuring the
settings as per game case. In that regard, Unity is giving the option to automate
processes for the developer’s better performance. Nevertheless, a thorough
understanding of the interface is demanded such that the acceptance criteria for an
application are fulfilled.

Unity is structured in the following main area panels: Collaborate, Console, Game,
Hierarchy, Inspector, Occlusion, Project, Scene, Services and Annotation Window.

Figure 3. The Window Panels in Unity.

Each of them is used for different reasons and is of great importance to the
developer.

•

The Collaborate is a view that is closely dependent to the Services panel
defined features as it will be explained below. This feature gives the option to
the developer to create together with more developers an application, as well
as using this feature for Cloud storage in a similar way to Git tools. For a
better understanding, the flow of unpublished changes as well as the history
of changes to the cloud is provided to the attached Figures that follow below.

Figure 4. The Collaborate Panel, Changes tab in Unity.

Figure 5. The Collaborate Panel, Commiting changes publish progress.

Figure 6. The Collaborate Panel, History tab in Unity.

Figure 7. The Collaborate Panel, a selected history change to be restored.

•

The Services is a panel that provides the developer with various features. In
order for the user to see this page, an account is required and some features
are not for free and also are out of interest to this thesis scope. The only
feature in this thesis case that is enabled and has been analyzed above is this
of Collaborate.

Figure 8. The Services Panel and features enabled in thesis project.

•

The Hierarchy (Figure X1) is the place where new objects are created and
attached to the active scene; as active scene it is declared the opened scene of
the scenes in build (Figure X) displayed in the Scene panel that is explained
below. Those objects can either be game objects (as shown in Figure X), or
prefabs instances displayed with the filled blue icon in Figure X1. The way
the objects are displayed in the hierarchy window indicates inheritance –
meaning that the objects which are clustered inside a navigation tree, inherit
position and functionality from their parent element.

Figure 9. The Hierarchy Panel in Unity.

Figure 10. The Build Settings Modal Window showing Scenes in Build.

•

The Scene is the panel area where the game prototype is designed; objects are
positioned within the scene environment viewport, by transforming, rotating
or scaling those objects one by one, and of course the general picture of the
game prototype is viewed while the developer navigates in the Scene view
using their mouse and keyboard. A scene usually contains objects, camera
and lighting sources and can be previewed in 3D or 2D display, depending
on the app (in this thesis a 3D display). Lastly, a developer must be careful to
any changes implemented in the Scene view on play mode since those are not
being saved.

•

The Game view panel, as described by word is showing the gameplay of the
application designed and developed. This panel projects the main camera
viewport and reflects the real prototype in play mode as if the scenes in build
had been built and run in the target platform (in this thesis scope – PC, Mac &
Linux Standalone and for this case to Windows x86_64 architecture, as shown
in Figure 9). Game view panel is significant to a developer for testing the
accurate development of scripts as desired, as well as for reviewing statistics
in device affected and selecting the Display.

o

For responsive design purposes the Display is set to a 4K ratio
meaning of 3840 x 2160 pixels, in order to scale accordingly to
different device display ratios.

Figure 11. The Display options in Game View tab for responsive design.

o

The Statistics panel is used for reviewing models in the scene, threads
used, GPU and CPU usage and many important information affecting
the game’s performance that need to be thoroughly reviewed for the
better game experience. As it will be explained in further chapters, the
Profiler is an Analysis tool integrated into Unity that offers detailed
preview per time in gameplay on the Statistics data panel.

Figure 12. The Statistics preview – here the game is stopped.

•

The Console panel is the view that a developer can log warnings, errors, or
any string output for testing and/or debugging purposes. If there are any
build errors, they are shown there, and thus any build fails are leading to
non-expected behavior to the Game view.

•

The Project panel provides the Assets used in a Project structured into folders
up to personal or team preferences and efficiency. In this thesis as a good
practice the Assets folders are organized as displayed in the Figures below.
Assets folder contains all the packages that have been imported via the
Packages Manager in Windows Unity menu dropdown.

Figure 13. The Project panel – Thesis Assets organized folders.

•

The Inspector panel is used for the detailed view of components added in the
Scene view as well as the variables of selected objects. A developer and/or
designer can easily attach or remove components in the inspector for a
selected object or change the properties of it. Via Inspector, in this thesis,
apart from attaching scripts, transforming objects in space positioning,
adjusting the colliders and rigid bodies in 3D space interactable components,
there are a couple of actions done worth mentioning and addressed in the
upcoming Chapters.

Figure 14. The Inspector panel – Main Camera inspector sample.

•

The Occlusion panel appears if and only if a designer and/or developer of a
game selects to have baked mode for the lighting rendering. More
information regarding this mode and the importance in this thesis will be
addressed in the next Chapters.

Figure 15. The Occlusion panel – Selecting the camera to visualize in the
Scene view panel the bake mode options configured.

Furthermore, Unity is using Game Objects as the main source of truth. Game object is
any component be that a Prefab or a simple component that represent visual and
behavioral information. Prefabs as explained earlier in this chapter are components
that are displayed in a different format (filled object icon in Unity and in blue), so
that they are differentiated due to their matter. Prefabs aim for presenting a master
component and instances of it across the scenes, making a designer’s and developer’s
lives easier due to changes implemented in one place and affecting all the instances
generated.
Lastly, Unity models work with materials, which are files indicating how an object
should be rendered in appearance and by which render pipeline according to game
requirements.

2.3.3 Unity packages

In this thesis, Unity packages have been downloaded from the Unity Asset Store in
order to highlight a better User Experience as well as to thrive for a more realistic
approach as per video games and to design efficiently without the need to create new
models and textures via additional tools in a thesis scope. The packages imported in
Unity Project are the following ones:
1. Kinect with MS-SDK by RF Solutions [37]
a. Utilized as assistance in controlling avatar players in Kinect
integration as well as general gestures recognition.
2. Low-Poly Park by Thunderent [38]
a. Utilized as a pool of prefab models for designing the park game scene.
3. RCP – Caucaisan Character Models by ReZult Studios [39]
a. Utilized as the avatar model across scenes.
i. The asset was downloaded in November 18th 2020 and by the
end of the thesis development has been not available. The link
above directs to a deprecated package in Unity Asset Store,

meaning that the publisher is unable/unwilling to support the
package anymore.
4. Score and Time by Game Sound Solutions [40]
a. Utilized as sound models within the game interactions.
5. UI Accessibility Plugin by MetalPop Games [41]
a. Plugin supporting in accessibility implementation for blind as well as
visually impaired players.
b. Details of this plugin’s usage are excluded from the thesis
explanation, due to instability in functioning constantly properly.

2.4 Microsoft Visual Studio

Visual Studio is one of the most prominent editors for application development used
to support Unity scripts in C#. Visual Studio is used under configurations that the
UnityEngine and UnityEditor namespaces are recognized as shown in Figure 15.
Once a change is written in the script, the Visual Studio provides the developer the
option to attach the updated script to Unity as shown in Figure 16. In a similar way, a
script is attached back to the Unity Engine Project by returning to Unity window.

Figure 16. Edit > Preference > External Tools in Unity for configuring Visual
Studio instead of the default MonoEditor.

Figure 17. Attach to Unity button in Visual Studio.

When a project is built in Unity, the build creates an executable for the target
platform defined in the project settings, and is not building anything on the
Microsoft Kinect Sensor, since the Kinect has no memory. Nonetheless, for the
executable to run without exceptions, the Kinect Sensor is needed to be plugged in
the target platform device.

Chapter 3 - Game design

3.1 Scope and heuristics

As a target group, or in the UX terms our persona, is a user that is patient and under
the risk of a mobility physical impairment. There can be a progression to the mobility
impairment a patient is struggling with, and for this thesis scope, patients with
medium severity impact on walking and balance are the persona in design process.
Designing games for people facing such risks or early-stage disabilities as explained,
requires particular attention. Apart from User-Center Design there are specific
factors that need to be addressed. According to [44], a disability can be any kind of
impairment or limitation to independent movement or full use of one or more body
parts. Noticeable as well is the fact that Kinect allows a game to be played also in a
seated mode, for the case of a wheelchair assistive equipment by the player. Even so,
this parameter is out of this thesis scope, considering the fact that in seated mode
Kinect tracks only the upper ten joints of the player as defined in the Kinect Human
Interface Guidelines [21] and the thesis strives for lower limb motion tracking and
players experience.
In support to Microsoft Gaming and Disability Player Experience Guide [50], the
targeted players are defined as:

•

Players with low vision, due to people facing neurological and/or
autoimmune diseases being affected by vision as well.

•

Players with situational and temporary factors impacting vision, for example
people who are recovering after a stroke, people who have broken or injured
part of their limbs, or people aiming to improve their balance due to other
health issues, such as anxiety attacks or other factors.

•

Players with disabilities that impact memory; in this category fall both people
of older age as well as facing issues due to stroke, heart attack, autoimmune
diseases.

•

Players with limited endurance, meaning of as mentioned people with
neurological disorders and experiencing fatigue, loss of control and balance
while interacting with a game system.

•

Players with limited coordination, in terms of not being able due to
neurological disorders to accomplish multi-tasking synchronization of their
body parts or tasks.

•

Players with chronic pain, due to a disease or being less active to train their
mobility skills.

•

Players with vestibular sensitivity, due to a disease or medication that might
affect the patient’s balance.

All these categories are being taken into account in the design process, and are
prioritized up to the level of a thesis’ scope.
Once the persona has been presented, the prioritized heuristic principles, having as
defined in the usability checklist declared in the paper by R.Molich and J.Nielsen[17]
can be found below:

•

Simple and Natural communication via the interface to the players.

•

Consistency across scenes as the user was located in an open world
environment during the gameplay.

•

Minimizing user’s memory load but being sure that necessary information is
shared when needed.

On the business side value of this, it should be mentioned that via “Design and
Development application supporting people with mobility issues using the Kinect
platform”, the following goals are anticipated:

•

Games for people with low-to-medium stage disabilities as a minority treated
group in the societies

•

Open world games impact on isolated groups in general

•

Inclusive design for rehabilitation process enhancement

By all these explained, the stakeholders in a game application for such target group
are the following entities:
•

Patients as the main user persona

•

Doctors from orthopedists to neurologists, along with general physiatrists

•

Family members, friends, and nurses of the main user persona

•

Physiotherapists as well as gym trainers

3.2 Methodology and Analysis of the problem

With a view to solving efficiently a problem in the usability engineering field, after
the problem statement and the heuristic principles, a methodical analysis to the user
persona shall be made. Firstly, in the UX Research process, the pains, gains,
motivators and needs of the player are provided. Secondly, a list of Jobs-To-Be-Done
is rephrased, and thirdly, after the user empathy mapping has been verified with
communicating to early users, Player-Centered Design is initialized. The stages
followed to the provided solution statement are:
1. Understanding the player
2. Defining their mission (JTBD)
3. Setting the mechanics to assist in the process
4. Diving into their motivators
5. User test this so that the solution is monitored, measured and further
considerations such as legal, ethical and fun side of a gameplay are reviewed.

At the outset, the pains of such user persona are the fact that this person might be
feeling weak due to their medical or situational condition; this may lead to facing

problems in everyday life and getting annoyed by their loss of stability. One step
further comes the feeling of stress facing both their conditions but also external
factors such as infrastructure to rehabilitate or function properly in their activities.
One more pain is the fact of those users struggling to be consistent with the
rehabilitation process due to being demotivated, not seeing the results or feeling in
pain due to other kind of treatments. Losing interest in following the exercises
indicated by their physiotherapist and/or doctor might be proven critical in the early
stages due to lack of habit. An indirect pain as discussed with early users was the
fact of losing track of their progress as well as remembering to share progress with
their medical personnel.
On the other side, by introducing a game to rehabilitation process of such player
personas, there can be multiple gains. First, games can be fun while playing and ease
the pain in the process expected to dopamine and cortisol substances released when
playing games. Second, they can imply an escape mean from a harsh and demanding
reality the user is facing during rehabilitation. Thirdly, exercising is also connected
with release of happiness endorphins. More on that, the user is playing not only for
rehabilitation but for a work-life balance, forgetting the outer goal of any
impairments battling with. Considering the current situation with COVID-19, the
user might be required to attend fewer revisioning appointments with their medical
personnel, by providing information via the gameplay statistics. And indirectly the
gain is that by controlling an avatar in the virtual world, they are trying to control
their own skills and embrace their abilities and progress.
Moving on to understanding the player their motivators – both intrinsic and
extrinsic - are stated. Intrinsic motivators include those that a person would like to
have and are dependent on themselves and no external sources. For that reason, in a
patient player intrinsic motivators the sense of autonomy, mastery, curiosity,
learning, self-expression, fun and overcoming negative feelings can be addressed for
our user persona. External motivators to the opposing side in a gameplay can be the
score achieved, striving competition in multiplayer mode, or playing to become a
better version of themselves, level of completeness by earning badges to a game or
receiving congratulating words by their acquaintances and/or medical personnel,
recognition of progress, time saved in exercising indoors and many others can be
listed.

In this last section the needs desired by the user persona are elucidated.
1. User feels the need to be respected and served towards a pleasant user
experience in their rehabilitation process, or generally when playing games.
2. User feels the need to always have an option for acting freely in a game, or
ending a game.
3. User would like to feel secure and gradually experience challenges, but not
feel disappointed or bored by the level of difficulty.
4. User requires a safe mode when playing on their own without any assistance.
5. User needs to be able to see the results of their progress, and report it back to
their doctors remotely.

3.3 Gait Analysis and Gestures used

Gait analysis is part of kinesthetic systems in Psychology that is also interesting to
Human Computer Interaction field. A kinesthetic system is the human system that
receives sensory cues depending on the position of their movement or body as a
whole. That is being parallelized in the game having the Avatar from Unity Asset
Store and the different bones to be connected and tracked by the Kinect Manager
files from the MS-SDK for Unity. The reasons to select as bigger picture of the
mobility issues in this thesis are already explained in the Chapter 2, as part of
improving the person’s balance and coordination of their limbs and generally body
parts.
Kinect has also by default a skeleton tracking feature, which is activated in the
process via Kinect MS-SDK package and the skeleton lines can be drawn and
displayed or hidden respectively in the game mode, so that the user only sees
themselves.
As a matter of changing between the different scenes, some pre-recognized hand
gestures via the MS-SDK Unity package are being used – those are the push and
wave gestures. Kinect motto was specified to be “You are the controller” [26]; based
upon the existing research overview and the motto, full-body tracking in a motion-

based case study with touchless gestures has been interesting and more appropriate
for multiple medical cases.
Game-based cognitive behavioral interventions in the field of medicine are
reciprocated. On a further consideration, Cattel-Horn-Carrol (CHC) Integrated
Model [52] in cognitive science specific ability domains can associate differently to
the described thesis goal. Namely, in the scenes designed both Perception,
Controlled Attention and Motor Cognitive abilities have been taken into
considerations. The Kinesthetic abilities (Gk), Cognitive Process speed (Gs), Visual
Processing (Gv), Psychomotor abilities (Gp) and Psychomotor speed (Gps), are
considered in the level design of this thesis.

3.4 Different scenes

On the general roadmap of the game, the player is positioned in a park
enjoying the sun, the breeze and the birds in the nature simulated
environment as shown in the Start Scene of Figure 17.

Figure 18. Start scene.

The user flow and the environment setup are aiming to follow the CattelHorn-Carrol Theory enhanced by the McGrew for educational systems [52]

deriving from the cognitive psychology. More specifically the abilities taken
into consideration are:
•

Psychomotor abilities (Gp) → reaction speed to start on a task

•

Decision and Reaction Speed (Gt) → reaction speed for following the
animated action in Level 4

•

Visual processing (Gv) → by having the instructions shown on screen

•

Kinesthetic abilities (Gk) → tracking the joint accuracy and any deviations
from the given path (see Level 1 & Level 2)

•

Cognitive process speed (Gs) → As the fast perception and decisiveness of the
user to act in the scene.

Tracking the avatar is achieved via the KinectManager.cs script in the Kinect
MS-SDK package [37] and defining the parameters as shown in the Figure 18
& 19.

Figures 19 & 20 . Kinect Manager configuration

The gestures are also being tracked by the [37] and from those identified in
GestureListener.cs only the Wave and Push notifications are being used.
On the Audio design of this thesis, the Audio Manager object of all scenes used can
be found below and is triggered by the AudioManager.cs script. It is noted that all
sounds used, except for the outdoorsParkSound.wav file are coming from the source
in [38].

Figure 21. Audio Manager configurations

3.4.1 Level Design

The game in this thesis is designed and developed in 4 levels, having a start and
finish screen as well and a loading scene which is explained in the Chapter 3.4.2.2
below.

3.4.1.1 Level 1

During the first level, the user is positioned in the same direction as they were in the
start scene field of view – facing the camera. The coins added in the scene are
collectable in order to simulate the score process to the user. To the bottom side of
the window view also the color map of the user is displayed via the
KinectManager.cs script via the MS-SDK package imported [37]. Total score per level
as well as time elapsed per level are displayed to the user to the left side of the
canvas designed in Unity, while the Level ID status (static reference via text) and
instruction on expected user behavior are provided to the right. Designing the canvas
and generally the whole environment in 4K Display resolution (3840x2160) ensure
the scalability of the rendering components.

Figure 22. Level 1 view in gameplay

3.4.1.2 Level 2

Level 2 consists of the same components as Level 1, with a different projection of the
camera to scene. That is done in order to be able to conduct user testing on the
performance impact the field view has on the player. Outcomes of this research are
explained in Chapter 4. In Figure 23 the designed and developed Level 2 is provided.

Figure 23. Level 2 view in gameplay

3.4.1.2 Level 3

This Level is identical to Level 1, with the exception to containing coins, in a bigger
distance between them, so that the user – positioned also in the z value a bit further is encouraged to walk a longer distance as time passes by. Additionally, fog is added
to the scene, in order to simulate the time effect towards the user and evaluate any
impacts on that. The overview of Level 3 can be found in Figure 24.

Figure 24. Level 3 view in gameplay

3.4.1.2 Level 4

The last level – Level 4 – is identical to Level 2 providing different bake mode
settings, which bring the result to a higher contrast resolution to the user. The coins
in this screen are the fewer than the Level 2, but in a bigger gap between them,
encouraging the player likewise to Level 3 to either walk a longer distance, or
increase their stride, which could be evaluated as a criterion to gait analysis. Figure
25 below describes the explanation provided in this paragraph.

Figure 25. Level 4 view in gameplay

3.4.2.1 Start Scene

The Start Scene is the place where everything starts to take place. Basically, the
objects that are transferred across all scenes till the end of the gameplay are being
added in the scene space and instantiated. Those that are rendered across all scenes
have scripts containing in the Start() or Awake functions the command
DontDestroyOnLoad(gameObject); , such that the instance is not destroyed causing
miscommunication between the scenes interaction.

3.4.2.2 Finish Scene

The Finish Scene is exactly the same as the Start Scene, without the user avatar
projection. Lastly, as an enhanced user experience in instant gratification to the user
the total score along with a particles system is added in the last screen.

3.4.2.3 Loading Scene

The Loading Scene is basically a panel, that is triggered to be activated when the user
waves in the starting and ending scene, or push elsewhere. An empty game object of
the LoadingCanvas is created as a prefab in the Start Scene only and transferred
across all scenes.
The LoadingCanvas prefab has an attached panel canvas UI component being set to
active

when

required

in

Scene

LoadAsync

mode

in

Unity

using

UnityEngine.SceneManagement namespace. The load object is also attached in the
Figure 21. As a prefab, it contains a UI Canvas component with a scalar component
attached, setting the UI Scale Mode to “Scale with Screen Size” and matching one of
the 4K Screen resolutions dimensions ensuring the scalability across scenes. Also, in
order to load this canvas by fading in, as well as displaying to the user the progress
bar text value, a canvas group is attached for the interaction to the slider component
within the prefab of loading canvas. Slider is set also to non-interactable since there is
no drag functionality to the progress bar of a loading scene.

Figure 26. Loading Canvas prefab “scene” set to active active in
loading levels asynchronously.

Figure 27. Loading Canvas prefab configurations

3.4.3 Score formula

3.4.3.1 Score incentives

Score is used in games so as to track the users’ performance. For other people score
can be a mean to competition while for others a key for their self-motivation, selfimprovement and self-engagement with a game. The incentives behind the score
formula is to provide the user with an external motivator in the game design patter
to work even harder in the exergaming phase.
Across all levels the data recorded are the time per level, the coins collected per level,
and the score calculated per level. The reason to define those data as well per level is
in order to give an emphasis to the user that every level is different and so they
should try separately. Also, a dark pattern in design is hidden here, due to the fact of
hiding the total elapsed time to the user and ensuring that engagement is met per

level standards. In other words, if a user sees the total time elapsed, they might be
giving up due to seeing that longer time than expected has passed, bringing an
increase to churn rates as well as. This dark pattern suggests that the user is only
focused per level and also their rehabilitation is considered in patches for the backend scoring calculations. On an equally important note, the tracked data per level
can be valuable in the overview process for the patient and the doctor; seeing that in
Level 2 the patient spent more time, might mean that there is an impact on the
peripheral vision and exact parts in the Central Nervous System for autoimmune
diseases.Score is calculated by the formula of scoreValue = CoinScript.coinCollected
* level + ( minutes*60 + seconds) * level; which is designated to reflect two important
value points in a game. The first one is the coins collected as the player is walking
across the scene, and the second is the time this exert required. Those two value
points are combined in the formula and multiplied by the level ID, since every level
requires different effort by a player.

3.4.3.2 Coins as collectables

The coins consist of the components of the Coin Script defining the rotation speed
per coin instantiated prefab indicating difficult or easy mode (higher speed is
indicating the “difficult mode” and set as so by default) and Collectable script for the
collision on enter with the player via tags used in Unity. The coins also per level are
shown in the Table 1 below.

Figure 28. Coins script and Rigidbody configurations

Table 1
Coins added per level – Difficulty factor across levels
Coins per level
Level 1

6

Level 2

9

Level 3

7

Level 4

7

Note. This is an initial approach to examining the coins per level, and according to
users’ mobility issues could be furtherly examined in the future and customized.

3.4.3.3 Timer
Timer is used on every game level, in order to indicate the time elapsed since the
user entered this level. The reason to designing this as per level and not the total time
in game is due to thriving to follow in an ethical way a dark pattern where the player
patients are being forced to lose track of time and focus on the exergaming phase
proposed per level.
Timer script is attached to the Timer object which consists of the digits in a digital
timer that is designed as one both for count-down and count-up processes and
having as a basis unit the time unit of seconds.

3.4.3 Notes on variables
In Unity different variables are being used for different design patterns (in
architecture programming design) such as Singletons. What is more using the Unity

SerializeField and the indication of public variables the settings in user testing mode
could be adjusted to conduct A/B Testing across different rotation speed of
collectable coins for instance. Lastly, defining some variables as static in the code
scripts, results in better performance indicated in Profiler window.

3.4.4 Rendering and Diagnosing in Profiler
3.4.4.1 Rendering
In Unity rendering a frame to the screen happens in a linear sequence of events.
Rendering a frame step by step can be analyzed via the Unity Window tool, Frame
Debugger, as shown in the Figure 24. Via this tool, the draw calls, the shadow maps,
and everything that is involved in rendering the current frame being paused. That
could give a great understanding to the CPU and GPU rendering interconnection,
and any issues faced.

Figure 29. Render Deferred Lighting > Render Deferred Light > Shadows
Collect Shadows frame debugger.

Figure 30. Render Opaque Geometry > Render Deferred GBuffer > Draw
Mesh Tree_1 as RT3 in Frame Debugger.

Figure 31. Render Lightmap and Occlusion> Draw Mesh Tree_1 as RT0 in
Frame Debugger.

Figure 32. Render Lightmap and Occlusion> Draw Mesh Tree_1 as RT2 in
Frame Debugger.
In this project, and for efficiency in draw call rendering and fewer number of batches
the Deferred Rendering Path is selected for the Main Camera. In the Frame Debug,
the different Render Targets are also provided in the dropdown of a selected frame
draw call step. Render Target is a feature of GPUs that allows a scene to be rendered
to an intermediate render buffer. Using custom shaders, which is left as a future
iteration to this thesis, there can be faster results achieved in performance. When an
object is in differed mode – when baked mode has been activated for this component
according to directional light settings – there are multiple targets rendered at once,
providing in parallel rendering of a frame, and hereinafter higher efficiency.
Different draw calls that contribute per frame and are accessed by Frame Debug
window can be seen below. Those are providing a clearer picture to the render
pipeline in Unity, which could result in performance improvements.

3.4.4.2 Profiling
Profiling is a powerful tool in Unity to analyze the performance faced in the game or
application created. Combining the insights received by the Frame Debugger with
the ones in Profiler, efficiency in performance could be attained. Before the proper
configurations in Bake mode and Lighting as they are described in the upcoming
section, profiling provided with important information. Seeing the Figure 28 below,

it is recognized that there are quite a few problems. The most important one is the
fact that rendering requires a lot of resources which are done in CPU affected by the
system processor. In addition to that, Synchronization along the frames as shown in
purple (VSync) gives a clear picture that the threads jobs in Unity need
improvement. Displayed in green the Garbage Collector in Unity is slow, because of
the spike result in the profiler; that means that there is memory allocation that the
managed heap should free space to accommodate the allocation in efficiency. Other
metrics shown in this graph by Profiler, are kept out of scope and interest to this
thesis.

Figure 33. Profiling in play mode in Unity Editor Window.
When setting the Profiler in Live mode, the illumination rendering statistics can be
seen in the attached Figure 29. All those spikes in Unity Profiler indicate problems in
both batch rendering as seen with the deeps as well as and most importantly
affecting performance the illumination spikes (green the Input Lighting, yellow the
Dynamic illumination of objects, and light gray for solving tasks by the “worker”
threads as used in Unity for the scene.

Figure 34. Profiling in play mode and live profiling in Unity Editor Window.

3.4.5 Bake mode and Lighting
Simulating the sunlight in an open world environment such as the park scene
suggested in this thesis, a directional light source is being used. Generally,
illumination is a really cost expensive procedure to handle in Unity. At runtime this
can bring catastrophic problems. Therefore, the bake mode was used in order to
prebake as many elements as possible and make the system more efficient. Trying to
increase performance, it is recommended to chooser render in lightmaps mode for
bigger objects during receiving global illumination, rather than lightprobes.
In all levels, a spotlight is also attached to the coins, in order to simulate the material
effect of the shining coin objects. Spotlight, in contrast to directional light, responds
both to rotation and transform of the object.
So as achieve a more realistic result the directional light settings are configured as
shown in Figure 27. Setting the shadow type to hard shadows, resources are saved
and by fine tuning the strength, bias, normal bias, and near plane, shadow
troubleshooting is regarded. Otherwise, the result would produce shadow hole effect
and abnormalities as previewed in Figure 28.

Figure 35. Directional Lighting settings configured.

Figure 36. Directional Lighting settings configured.

Additionally, there are two different ways in rendering the dynamic lights in a scene
for better results; those are the vertex lighting and per pixel lighting, where the first
one is faster, because it calculates the lights in an object’s vertex in mesh. Once the
light per mesh vertex is calculated, it gets interpolated by the whole surface mesh
and provides higher efficiency. [42]
As a last step to the lighting and bake mode process to achieve higher speed in the
game, the Quality Settings in Project Settings have been configured according to
bibliography as displayed in Figure 28.

Figure 37. Quality Settings for faster rendering mode.

A few words on the Quality Settings that are valuable to be deemed, are the
following:
1. Anisotropic Texture is set as Per Texture, so that per vertex lighting is
followed.
2. Anti-aliasing is disabled since it brings a higher frequency visual to interfaces
that change constantly, which is not the case in this case study. Undoubtedly,
this option increases the required resources as well which are not welcome to
this design implementation.
3. General resolution is set to low, because of hardware restrictions.
4. Shadow cascades are restricted to just two, owing to the level of detail (LOD)
that is bringing a larger number of triangles in the scene models, causing
delays in the gameplay.

Overall, the reason to pinpointing this section to the research field, is about pursuing
a realistic approach for the game, while the performance quality is assured due to the
fact of being highly affected by the light mode graphics rendering and the occlusion
of scenes baked when possible, for efficiency.
Essentially, all the changes in Chapters 3.4.5 and 3.4.6 were impactful as shown in the
statistics panel. The impacts were not only on noticeable time improvements but also
indirectly detectable to the player as shown in the statistics panel.

Figure 38. Statistics Panel before rendering analysis, frame debugger,
profiling, and lighting mode changes.

Figure 39. Statistics Panel after rendering analysis, frame debugger, profiling,
and lighting mode changes.

3.4.6 Accessibility, Impairment Categories and Protocols
The definition of accessibility in the digital world is driving people to visualize,
comprehend, and interact with systems. There are different disabilities, some more
severe than the others, and are categorized into auditory, cognitive, neurological,
physical, speech, and visual [47]. Accessibility is one of the least taken into
consideration factors when it comes to games. As explained in [44] there is a strong
connection to how demanding games can be for a person with different body
impairments. Creating games that are inclusive and accessible can empower not only
in social spectrum but also in business value [45].
Considering the user persona in this thesis, accessibility factors should be taken
thoroughly into consideration, striving for an inclusive and high-quality assistive
tool.
Provided that people in this study vary in their health background, the most
important requirements have been taken into account; those are:

Visual impairment
The font type and size have been selected such that they are readable to the player
from a distance. Additionally, the color of action objects has been selected according
to Color Contrast Analyzer tool. Action objects are defined the ones that need high
attention to the player such as title in starting and ending scene, instruction labels,
collectable objects (coins), timer and score labels, as well as loading bars. To conclude

on visual impairment solutions, designing the game in Unity 4K Display, has led to
scalable components guaranteeing readability.

Auditory impairment
In the same direction, the action objects explained above have been complemented
with auditory support cues. More specifically, the collectable coin object when the
user collects it while walking is audio sourced with a retro sound clip providing 3D
audio spatial information. By combining audio and visual cues in that way, the
engagement and motivation could be heightened. Due to cognitive load, the sound
clip is predefined in a lower volume so that the user does not get interrupted in their
gameplay. Explaining intentionally to the user the expected behavior of the audio
effects prior to user testing ensures a smoother user experience in such sensitive
target group.
Lastly on that, considering the player’s tension being in rehabilitation process,
separating music and sound effects has been respected; a seamless music experience
of a natural park environment has been integrated into the game, in low volume so
that no cognitive load is introduced.

Neurological impairment
As explained in Chapter 3.3, there are different levels of neurological impairment,
and those have been considered for patients slightly to medium affected by that in
alignment with mobility issues.
In between of a neurological and cognitive impairment lays the option to exit the
game by a user being tired in the overall process at any given moment of the
gameplay. That has also been taken into consideration owing to the wave gesture
feature maintained across all scenes (except the first one) as a mean to end the game.

Cognitive impairment

This was accomplished by following the same scene environment across all scenes,
and by changing the camera views only to investigate the perception a user has in
terms of their positioning in an open world game.
Besides that, the cognitive load was eliminated by designing the game following the
bare minimum to the working memory of a player. Ascribing this the gestures used
in the game are also restricted to just two – the wave and push gestures.
Here the fact of using simple language and not giving people the option to select an
avatar, also echoes minimum cognitive considerations for their rehabilitation
restricted time gameplay.
Already in the previous paragraphs resources disseminating and advocating for
accessible protocols have been provided. Adding up to those, it is profitable to
mention the following resources investigated for the design process followed and
declared in Chapter 3.
One of the most important leaders in accessibility designs has been WCAG 2.0. It is
understood that in a thesis scope as well as in a game application, not every single
item in Web Content Accessibility Guidelines can be researched and assembled in
the game.
Complying with the Perceivable layer of WCAG – Success Criteria 1.4.1, 1.4.3, 1.4.6,
and 1.4.8, the color contrast according to font size has been verified via Colorable
website [33]. The contrast is being analyzed for different components, as shown in
Figure 28, Figure 29, Figure 30, and Figure 31 below. Please be aware that the color
contrast in Figures attached represents the colors contrast in full opacity, while in the
game the #323232 color has been also used for overlays with opacity: 0.7176471
which affects the contrast ratio to be reduced, but still accessible.

Figure 40. The contrast for loading progress indicator.

Figure 41. The contrast for title text and with the scene sky overlay.

Figure 42. The gesture contrast across all scenes.

Figure 43. The timer and score contrast across all scenes.
Likewise, complying with Operable layer of WCAG – Success Criteria 2.3.1, 2.4.2,
2.4.8, and 2.4.10 are followed for the user respectively to:

•

not face any flashing in the one second period more than three times with
illumination changes,

•

see the page title describing the purpose per level, as well as

•

see the organized section headings and be able to understand the position
they are currently

Next to this, complying with Understandable layer of WCAG – Success Criteria 3.1.1,
3.2.3, and 3.3.2 are followed for the user respectively to:

•

explain in understandable human language that could be read by screen
readers as well with the usage of NVDA and UAP Unity plugin. Although
this was designed, the working functionality seems to be defective.
Henceforth, future analysis is required regarding screen readers.

•

ensure learnability for the player is met by navigating consistently across the
scene levels.

•

make certain that instructions are provided in every gesture required by the
player.

Fundamentally following the WCAG, is not per se proving that a game is accessible.
That being said, and in full influence of everything explained until now, the Game
Accessibility Guidelines (GAG) as defined in [47] and the Xbox Accessibility
Guidelines v2.5 [48] have been studied. By incorporating the most important topics
of the aforementioned guidelines, a better user experience is intended to the patient.
Last of all, in usability engineering there are different International Standards (ISO)
or region, subfield of interactive systems, and platform specifics that designers and
developers shall conform to of various impact.

Chapter 4 - Game Evaluation and User Testing

Due to the COVID-19 restrictions and the target group of these studies being in most
cases under a sensitive immunity, only one live experiment was conducted with a
player persona. Nonetheless, three more patients agreed in providing answers to the
questionnaire attached in the Appendix section. In this section, firstly the process
and goal of the user testing is described and then the table with subjects reported is
enclosed.
The process followed is divided into two parts; asking users during the design
process and asking users on the final outcome product designed and developed via
interviews.
To the first part, discussions with two patients have been held considering the
information usually inquired by their doctors on an appointment basis.
Due to the remote user testing second part of this process followed and the Kinect
sensor technology, screenshots per level have been shared with the participants.
Engaging participants in the user testing a background opening questions section
was discussed with them. Researching on the game application, the screenshots to be
found in the Figures below have been shared, and the users were live interviewed
regarding:
1. Context of represented User Interface regarding:
a. Understanding the user flow that should be followed by their side
without initial explanations (Intuitive system)
b. Preferred aesthetics ad hoc type of players
c. Expectancy to level difficulty as the scenes progressed
d. Visible information during gameplay and clarity.
2. Sense of comfort
3. Willingness to such game applications in their rehabilitation process
evaluating the heuristics introduced by the academia.

4. Additional insights they would like to address and discuss as further
improvements

Surprisingly enough, the first participant that was interviewed raised a question
about differences between indoors and outdoors mobility endurance of theirs, which
lead to an interesting metric to be questioned to all participants.

Figure 44. Static view of Level 1, used in remote conducted research.

Figure 45. Static view of Level 2, used in remote conducted research.

Figure 46. Static view of Level 3, used in remote conducted research.

Figure 47. Static view of Level 4, used in remote conducted research.

Figure 48. Static view of Level 1, used in remote conducted research showing the
Kinect overlayer computed color map in bottom right.

Table 2
Remote user testing – Introductory
Subject #

Medical

Country

Gender

condition

1
2

Multiple
sclerosis
Diabetes

Age
range

Mobility endurance

Indoors

Outdoors

Greece

F

50-55

5

3

Greece

M

35-50

5

5

Type I
3

Lupus

Greece

F

20-25

5

3

4

Joubert

Greece

M

10-15

3

2

4,5

3,25

syndrome
Mean:
Note. Number of studies = 4, number of medical conditions = 4,
Mean indoor confidence of mobility endurance = 4,5
Mean outdoors confidence of mobility endurance = 3,25
Note2. The age of people who have participated in the user testing has been anonymized by
providing only the range in half decade (five-year period).

From the Table 2, it is realized that users are indeed treating mobility indoors and
outdoors in different ways, which encourages additional research.
Additional introductory and demographic questions that were raised can be found in
Table 3, maintaining the order filtered by age in descending order presented in Table
2.

Table 3
Users background: Technology and games insights
Subject #

Has

Has used

Preferred

played

immersive

device for

Willing to exergaming support in

video

technology

exergaming

medication

games
Expected
Yes/No

impact on
physical and
mental health

Only as a
1

spectator/

Yes, various

second

fields

Computer

Yes

5

No

Mobile

Yes

5

Yes, more

Yes, various

Smart TV

Yes

4

than a

fields

Smart TV

Yes

5

Yes

4,75

player
2

Diabetes
Type I

3

year
4

Yes

Mean:

No

During this phase there was a comment heard regarding the configurations required
in such a game to be done depending on a platform, which could be furtherly
investigated. Tables that also follow the scale of 1-5, are implying that 1: strongly
disagree/statement is false/Disliked and 5: strongly agree/statement is true/Liked
in the Likert scale for surveys.

Table 4
Users expectations in multiplayer mode and gait stamina
Subject #

Would you play a mobility rehabilitation game

After how much time would you

with friends/family/medical personnel/alone

get tired in walking?

1

friends/family/medical personnel/alone

30’ , with 10’ break to continue

2

Friends / alone

90’ of medium activity

3

Medical personnel / alone

45’

4

Family / friends / medical personnel

7’

Mean:

43 minutes > gameplay
~12minutes

Table 5
Users response to different static game captures presented a.
Subject person #

1

2

3

4

Aesthetics (UI)

5

4

5

4

Difficulty (UX)

4

2

3

3

3

2d

3

5

3

2

2

1

Aesthetics (UI)

5

4

5

3

Difficulty (UX)

2

4

3

1

1

1

2

1

2

2

1

1

Aesthetics (UI)

5

5

5

4

Difficulty (UX)

5

2

3

3

3

3

2

1

3

1

2

1

Level 1

Expected flow b
Feeling of stress (UX) c
Level 2

Expected flow

Feeling of stress (UX)

Level 3

Expected flow

Feeling of stress (UX)

Level 4

Aesthetics (UI)

5

4

5

3

Difficulty (UX)

1

2

3

1

4

2

4

5

1

3

3

1

Expected flow

Feeling of stress (UX)

Misconceptions in gameplay

Coins as

N/A N/A Avatar as

obstacles
Timer running up or down?

a Randomized
b Expected

Down

enemy
Up

N/A Indifferent

table order this time, for anonymization processes.

flow refers to the switch between frustrum and any changes to the view.

None of the participants noticed the line path designed and reduced in margin across
Level 1 & Level 3, and Level 2 & Level 4. That means that no participant was truly
impacted by the designed approach to reduce the sense in space, which is presumed
to be due to focusing on the collectable coins in scene and the environment their
avatar is surrounded by.
c Feeling

of stress can be both related to the unexpected flow in the static gameplay as

well as the feelings experienced by the player. For example, one subject explained
that they felt alone and due to that anxious; that could be preventing by introducing
more than one avatar in the park scene that would be just animators in the scene or
the user while walking in space could interact with those for information and quick
tour to the gameplay.

The Table above (Table 5) reveals in this small sample of people interviewed that
across the gameplay users comprehending with the design implications.
In the live experiment conducted, user has been asked about the experience between
the different camera perspective and whether their locomotion was affected any way

negatively. Same statistics, as found in the Tables 2, 3, 4 and 5 above can be found. In
addition to those, the following have been asked:

•

Was the number of moves to be done overwhelming to you? No

•

Was the time provided per level confusing to you? Yes

•

Was there a moment that you would like to request for a break, but did not
have one? No, No.

•

Was anything annoying or difficult in places? Yes
o

Annoying was the switch of camera initially as well as the position of
the avatar per scenes.

o

It was rather difficult to switch on different views and angles of the
camera in one game, better to have two games played in a 5’ break
regarding the change of field of view in camera.

Additional discussions held between the subjects of the user testing that provide
research interest are analyzed below.

•

Would you find it more/less difficult whether the rotation of coins changed?

Three (3) out the four (4) participants answered that it would be more difficult for
higher speed rates in rotation, which serves the role of coins script implementation.
One participant would find this irrelevant, unless there was additional movement to
the xy or xz or yz planes. This could be a great criterion to very hard levels in future
design process.

•

Would you find it more/less convenient if levels were provided in different
orders?

All participants noticed that the ordering of levels provided different issues to be
analyzed. Regardless of this, three out of the four participants interviewed would
like to have a unified approach in the frustrum agreeing that the camera above
provided the user in a better understanding of the gameplay, depth, illumination
and a less stressful experience when switching between the camera views. So, the
participants seeing the static captures from the game, would propose for to see the
game played in the orders of Level 1 → Level 3 → Level 2 → Level 4. One of them
also would be interested in having the option to customize the camera view in some

settings mode. While the person that played live the game suggested to have two
different games with more configurations between the different frustrum.
On the UI of the game application, all participants felt that the aesthetics were
satisfying to their expectation, and also bringing less tension to a game. All of them
noticed the details in rendering illumination and the added fog in Level 3 providing
a bigger sense in the depth and testing the impact environment changes have in
human eye.
One participant in the remote user testing with static captures failed to understand
that the avatar in scene is the reflection of themselves and thought that this was an
enemy to avoid in the gameplay.

Chapter 5 - Problems faced

Charge of power in Kinect requires specific handling with power adaptor cable being
connected to the USB port as explained in Chapter 2.2.1. Moreover, the charge of
power requires high voltage, as it has been noticed throughout this thesis that
connecting the device direct to a socket in Greece (230V/50Hz) would bring faster
rendering of Kinect capturing in Unity than connecting the Kinect to a power
extension cord. Secondly, the connection of power adaptor cable to communicating
with the USB port and ensuring smooth communication between an Xbox 360 Kinect
hardware and a computer device, was bringing difficulties in the Game Engine
runtime errors, throwing exceptions in not recognizing the device as genuine,
causing memory allocation or in other cases even being identified by the system
drivers as a not charged in power device.
Another problem faced is the fact that Kinect v1 has been in use since 2010 and many
more types of camera sensors, even from Microsoft Corporation itself, have been
released. That even led to some older documentation being lost, because of the
production being stopped for this model.
One more unexpected error that occurred during the Frame Debugger mode in Unity
is a GPU Timeout as attached in Figure 35. This was resolved after restarting the
Game Engine and laptop device as well.

Figure 49. GPU Timeout.

Another problem in the lightmapping process was the inability to use progressive
GPU lighmapping, due to Unity restrictions in only 4GB RAM being allowed in
version releases until 2021.

Figure 50. Hardware GPU issues in lightmapping.

Last but not least, working with an older device nowadays as well as trying to follow
patterns in game development via Unity Engine led to various conflicts that required
more time to be resolved while in parallel ensuring quality standards for a medical
game application.

Chapter 6 - Future Iterations & Epilogue
6.1 Future iterations
Considering the scope of this thesis, there are specific topics that were researched,
analyzed, designed, and developed in solutions to the problem statement. As time
passed by during this research process, there were more and more topics introduced
in the process that could be of great interest to the research community regarding
assistive technologies and exergaming. More specifically, ideas for future iterations
and enhancements are being made transparent in this section.
Ensuring inclusivity, the model imported in the game could be in future iteration an
option to the user, according to their preferences. Following inclusivity as well as
customization, the player could define the clothes, the name, as well as the facial
characteristics of the player.
More valuable would be to assign in motion tracking the outcomes per level
walkthrough of the player in the line road. Currently, the time and the score are
being collected, without letting the user go backwards in the open world due to
camera limitations. However, it could be a good practice in rehabilitation exercises to
observe the player’s movement in all directions.
Along with movement across different directions, an interesting research case would
be about adding obstacles in the existing path to collectable objects per level.
Paradoxically, such scenario might prove helpful to people with fewer or no mobility
issues, as a general scenario in physical activity.
Lastly on the same topic, the churn and retention rates could be measured.
Analyzing, therefore, the lack of interest to the players across time. Accordingly,
updated versions could be released following to minimize churn and maximize
retention rates. Regarding the metrics tracking, it is communicated to the reader that
Unity Dashboard provides the Funnel Analyzer to tracking event analytics per case.
Multiplayer mode in games had been a topic that few researchers introduced for
Kinect games, and could be valuable for social awareness of patients’ health be that
acquaintances or family per se.

Research could also be expanded to investigating the impact of sunlight and seasons
in a gameplay affecting the user’s behavior. Initially, the vision of this thesis was
about developing a game that could reflect different seasons, could connect a
weather API and reflect on the current situation to place the player the closest to
reality. As part of this issue, an A/B Testing could be conducted on the impact of the
first-time users react in playing across different season modes.
Different configurations in Unity could produce a topic to consider based upon
certain hardware constraints, target groups, and/or combination of technologies.
Artificial Intelligence and different render pipelines in Unity, could be profitable too.
Due to pandemic restrictions, this thesis was restricted to conducting only one live
user testing, and three online answers to the questionnaire. Endeavoring to a solid
consolidation of such game applications to the medical field, at least five patient
subjects should be evaluated, as indicated by the User Testing industry. There needs
to be attention and cooperation in the enhancement of medical application along
with the stakeholders addressed in Chapter 2. This is an application for the patients,
supporting the workload of stakeholders in medical field, family members and every
individual in the culture living in.

6.2 Epilogue
The presented thesis presented the research, analysis, design, development, and brief
user testing of a game application targeting to aid people facing motion and mobility
issues with the usage of Kinect sensor v1. Nowadays, technology can be of
invaluable importance to Medicine, while the modern way of living confirms that
exergaming applications can be directed to anyone around us; for a more engaging,
more impactful to people challenging themselves with physical and mental health
complications, and a more vigorous life to one and all.
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APPENDIX
Media Appendix

1.

Figure 51. South Park of Patras, captured by the writer and used as the

Loading Panel Raw Image.

2.

Figure 52. South Park of Patras skydome, captured by the writer and used in

the Skybox across all scenes.

3.

Audio clip looped across all scenes was recorded by the author of this thesis

in a random day in Ioannina and also was converted to the .wav standard format
eligible for the Unity Audio Manager script via VLC Media Player.

User Testing Appendix

Specifying questions provided with answers in Chapter 4.
1. Demographics: Age (randomized in a 5years range), Sex, Country, Severity of
mobility issue
2. Have you ever played video games?
3. Have you ever used any camera-based / mixed reality platforms?
4. If yes, has it natural for you?
a. If not what would be natural for you?
5. If yes, was the gameplay engaging?
6. When playing the game presented in this thesis:
a. Was it annoying/difficult in any places?
i. Why and where?
b. Did you feel at any given moment the need of asking for a break?
i. Did you have a break in the end?
7. Was it too easy at any given moment?
8. Would you try this complimentary to any rehabilitation or medication
schedule you might be following?
9. Do you think that this game could improve your day both in physical and
mental health?
10. Would you like to play this game with your family/friends/therapist in a
challenging or friendlier way?
a. if no, why?
11. What was one feature that you felt confident doing?
a. For users that did not play live:

i. What is one view which drew your attention?
12. What would be a platform that you would like to play this game to?
a. Computer devices
b. Mobile devices
c. SmartTV devices
13. What would you like to additionally share?

1. While seeing this screen, please specify;
a. Feeling of understanding the game
b. Feeling of aesthetics?
c. Feeling of difficulty as more screens appear?
d. Feeling of stress if you would be live playing this game?

Game app project in Unity

•

Please send email to up1019092@upnet.gr or approach via any possible
means of communication.

