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I. Abstract

The research project set out to examine the possibility of presenting 3D medical
visualisations through a web browster help suffers and their families understand their
conditions Explaining complexmedical subjects and communicatihgm simply and

clealy to nonspecialists is a continuing problem in modern medical practice.

The study set out to complement current methods of health communication via pamphlets,
posters, books, magazines, 2D & 3D anioreandtext basedvebsites as all of these have

disadvantages whichanteractive 33system might be able to overcome.

The reason a Web Browser approach was adopted was due to the wide availability of
browsers for a large number of usekdditionally modern web based 3D content delivery
methods negatine needo continuallydownload and install additional software, at the same
time allowing for ahigh qualityuser experiencassociated witlraditional 3D interactive

software.

To help answer the research questiangrototype artefact focused on Asid was produced
which was then tested and validated through user testing wsitfathgroup of Asthma

suffers and evaluated by medical professionals.

The studyconcluded that effective communication of medical information to sufferers and
their families ®ing 3D browser based systems is possible and can form a useful part of a

medical communicatiosystem for norspecialists.
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I Notes to Help Review the Artefact

Theartefactis amedical simulatioriool based omsthmaand workshrough a web browser.

Artefact can be foundn the following hyperlinkplease use theirefox web browser

www.medical.mudboxcentral.com/?page_id=2

Youtube video of artefactan befoundatthe following hyperlink

www.youtube.com/watch?v=3lwdmOYGsj8

Standalon@sthmamedicalsimulation, unzip and double clickebPlayer.uity3d)

https://app.box.com/s/3e3g4nohl11lb4sus69yza



1.0 Introduction

Whenpeopleget ill theyneedinformationaboutcomplex technical subjects to be
communicated to thesimply and clearlyThis studylooks at one way in which this can be
done. Itset out to see if the technical advances in 3D web browser technology could be an
effectivetool for communicating medical information

This study will allow for more research into the platforms of web browser technotgles
give a general overew of the real time graphics medical mark&eprototype has been
created to allow ser testing to help suppdhe researché& claim that a 3D medical browser
could prove useful asraedical informatics tool.

Threedimensional graphics that work thigitua web browser have dramatically improved in
recent yearsyetthey arestill notin commonuse espeially in the medical contexCallum
Welsh is arArt Director atRandom 42a medical visuabation companyvith twenty yeas
historyin winning multiple 3D medical animatioawards (Random 42n.d). Callum
suggestseal time graphics the near futurenayreplace rendering medical animations
altogether and that there is a huge potential market for Web Basg¢d imeVisualisation
(Welsh 2013.

This studyaimedto create a proof of concept of a Web Based 3D medical simulation that
uses games engine technology as a cheap solution for 3D interactive saih#nat
bypasses the traditional download and install scenario.

Lookinginside a 3D simulatthuman bodynight help sufferersand their familieselate to
thedamaging healthelated effects afnanyissuesncludingobesity, heart disease, cancer
heavy drinking, AID&HIV, smoking andpoor life stylechoices

Games Enginesuch aslUnitydanddJnreal Hhavereleased new authoring tools for
embedded webrowser technologwhich allow users to view 3D contenh the internet.

Thegraphics fidelityis now at a stage wheitecould be usetb explain illnesses and



treatnents to patients artleir caeers or in a more general context by the public to help aid
their understanding of medical vernacular through an interactive and exploratory method.
This studyaims toprovidenewlearningtoolsto help communicate with patients and their
family about meical conditionsTheambitionis to create grototypethatcould complement
the current methods of health communication via transdisciplinary strategikes) the

United Kingdomandinternationallyas well

1.1 Rationale

The researcher wantedpmvide aninformationtool to complementurrent health
communication such ggmmphlets, posters, books, magazines, and other forms of health
communication disseminatioAccording toasthma UK a leadingsthma charity
organisation,

ATher e ar @eofewith asthima inthe WK, The NHS spends

around £1 billion a year treating and caring for people with asthma, There

were 1,167 deaths from asthma in the UK in 2011, An estimated 75% of

hospital admissions for asthma are avoidable and as many as 8®86 of

deaths from asthma are preventableo (Asth

Under thirty four year olds spend more time onlirantbther age groups and half of that
demographic is under twenty four, it is my ambition to target that audigeeetabld-ig. 1

for statistcs).



30%

26.5% 26.7%

Share of intemet users

15-24 25-34 35-44 45-54 55+

Age

Fig. 1 Statista Distribution of internet users worldwide as of November 20¥4ge group

(2014) statista.com

As a proof of concept the researcher focusedxmtairing onemedical ailmentThe toolhad

to give an accurate and coherent actafithe processes and symptoms of a condition. The
product was designed for patients and their families rather than medical specialists.
Asthmais thechoserailmentdue to the researcher growing up seeisgter suffer from

the diseaseA personal obsgation ofhow quickly the condition can attack and how
frightening it can be for the suffer and family members, especially when the condition is
severe and life threatening and needs hospital treattidattored into the choioaf the
medical condition

The researcher wantedusefiReal Time3D Graphic® for creating a artifact that explains
the condition and triggersf asthma This would be done byoving a digitalcamera inside

thebody toshow thdungsand then onto the airways. This woelplan how the airway
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walls swell the musclesrround the airways contrambhdmucus builg up which causeshe

symptoms ofvheezing and coughing

The objective in creating a working prototype that works natively inbvelvser (rather

than downloadable sofavr e t hat 6s fi xed to one particul ar
of health communication oabe built cheaply, effectively awdork instantly internationally

from a website anywhere in the world on most midrangaf{Apple platforms. There will

alsobe a downloadable executable version with graphics option settings to help tailor the
experience based on the userodés graphics card
Medical informatics helphe public with many miscomprehensions in their understanding

of medical conditionswhichdirectly affecthealth compliance and life style choices,

according tdOrtiz;

fiStudies have shown that patients who understand their conditions and
are involved with their doctors in making health care decisions are
better able to deal with their illnessétwever, patients often do not
have access to accurate and reliable information or are not able to
retrieve, understand, and use this information to meet their individual
needs (KassBartelmes &Ortiz, 2002)

This suggestshere isa need for clear, aarate andieasily accessibie

information that can be used in the medical context todgdtainmedical

informaticsfor the general public.

The areas for the artefacts expansion would be td more simulations to targeiiments

like heart attacksideases, strokes, cancers, as they aleydirthebig est ki I I er s i n
societyaccording to th&Vorld Health Organizatio(MWHO, n.d). And according toWright

i O rhalf all deaths in the U.S. can agrributed to preventable or behavioral andaloc

f a c t(\Wriglst € al 20075) and according to th€entre for Disease Control and

Preventionil n Ameri ca al one 2. 43CDh@ind)Themeapse2 pl e di

million people dign Americaper yearfrom preventable or behavioral andcgad factors.

11



Another factor ighecost to society to care for these peopbe gikampleobesitycosts the

NHS £5billion per year (The Department of Heal#11). To help with health compliance a
possible method could lzehealth communication tool thednsistf the damaging effects

of obesity in a 3D simulatiorThe visceral fat could animate in growth to show the damaging
affect it has around orgams health communication tool of this kindould be usetb
complement pamphlets, posters, books, amages andmanyother forms of health
communication.

The messagiFom UK government and medical professiorfalshealthier life styles to

the general public has many issaesl needs to be improveatcording towWright;

fA wide variety of problems stik x i st i n terms of our nat.
to provide adequate care for everyone and in terms of maximizing its

efforts to prevenandcontrol diseases and other health problems. It

appears that some of the severity of many of these problems could

potentially be lessened by improving communication among

providers, between providers and patients, between health

researchés, and between public health leaders and the gublic

(Wright et al 2007:4

National fealth compliancés traditionallyinfluenced bymedial professionals
explaining or advising the general pubkth the aid of sources such lasoks,
publications ormagazinesAccording to Eysenbacgh

AUnNtil recently medical informatics focused on developing
applications for health professionals: medichbrmaticians looked at
medical practice mainly through the eyes of health professionals
rather than through the eyes of patiérfisysenbach 2000: 5,6).

And with 1.2 million deathgin the US only)due topreventable or behavioral and
social factors ther might be an argaat3D real time simulation softwaan

help complement current practices.

12



This study will allow for more informatioto be gatheredn thetopicin health
informaticswhichis growing in popularityGreenes andi®rtliffe wrote;

A A fr inany years of development of information systems to support the

infrastructure of medicine, greater focus on the needs of physicians and

other health care managensd professionals is occurribg support

education, decision making, communication, arahynother aspects of
professional acti vi(99Q1)0 Gr eenes and Short

1.1.1 Research Questions

The research questions that underlie thesisare from the point of view @D medical

informatics and how to best support the general public withaaledernacular.

1. How may ongroduce a 3D medica&isualizationsystem that works through a web

browser?

2. How may any suckBystemcommunicateeffectively to a target audience using a 3D

medical simulation that works through a web browser?

3. To what extents theartefact an accurate descriptioresthma triggers and their

symptoms?

4. Whatarethe learning outcomes taken from user testing the prototypstioma

sufferersand medical professionals?

1.2 Measures ofSuccess

Thisthesiscontainsa working nedicalsimulationprototypeas part of theesearchit focuses

on explairing the respiratorgliseasef asthma This will allow a target audience esthma

13



sufferersto user test the artefact and test if it can communicate effectivelyicil
Profession&s will also user test the artefact to validate its accuracy and descript@sthofa
triggers and their symptomse&dbackhrough a Likert scale, comments and resonances
from bothsufferersand professionals will be analyzed and help draw a conclustse if

the artefact is a success.

1.3 Chapter Summary

This chapterset out toexplain the reasoning to the stuttyexplains how a 3D edical health
information tool embedded into a websitauld complementurrent health communication
tools. It exphinsthat the researcher will buildpototypetool that will work instantly
internationally from any website anywhere in the world

The study suggests there is a need for clear, accurate and easily accessible information that
can be used to help explaimedical informatics to the general publicexplains thamillions

of people die every year duepceventable or behavioral and social facttrthe artefact is
broadly a successwill headlightthat a 3D web browser could communicate to the public
aboutdiseases, health problems and health compliandbe improved

The research questions are settodtte explored through the creation of the artifact, user
testing and analysis of the data to help draw up answers, conclusions and limitatiens to t
study.

The next chaptaeviewswork related tdhe field ofmedical health informaticand web

browser technology.

14



2.0 Literature Review

The approach set out in this Literature Review wasadd with arexplanation of medical
visualization; this gies the study some context and explains the pedagogy of the subject
matter. The study then covers therent medical information systems with a focus on

3D interactive systems.

A subcategory of Games Development know as Serious Games is explored foausing
Medical Informatic examplegs,onf er ences such as 6The Games f
which present besipproaches to improve health and healthtrare a provider and

patient perspective are also explorétdd Games for Health Project, n.d.).

Software Dgelopment Methodologies have baawestigatedo help with breaking

down the creation process of tBB Medical BrowserFinally a review of Survey
Methodologies to help support the Software Evaluation makes up the latter part of this

Literature review.

2.1 A Brief Overview to the History of Medical Visualization

MedicalVisualizationis designed to visually convey information that comes from the
work of scientists, anatomist and artists in collaboration with one ar(itneon, 2001.:
3). There is an gpectation that medical illustrations will be accurate but there is also
recognition that any illustration cannot be a substitute for the auezn body,
according to Loudon;

AThe body was the book, which was to be
1543 effedvely established illustration at the heart of anatomical

learning, reminded his readers that pictures were not a substitute for

t he r e a(Loudor 2001g3).

15



The Renaissance saw the rise of maotable anatomists such as Albrecht Durer (1471

1528, Andreas Vesalius (1518564), Bartolomeo Eustachi (1514674) and Giulio

Casserio (1554616).These men were anatomists, experts in the Latin terminology of

anatomy and in locating human body parts.

Leonar do Da -1¥1B)drew thesbodieslhdelf But was not published while

he was alive, 1t was not unti/|l 1651 that Leo
years after his death. Clayton and Philo (2010: 28)

Also according teClayton in a video interview;

AThr ough o ulLeondrdastended to gublish his anatomical

research as an illustrated treaties on human anataopardo should

and could have been one of the great figures in the history of anatomy

but i s essent i(ladnardo: AnatosiistbyaNatfir®@ ot not e 0
Video, 2012).

The not abl Piureg\Vhead @Imi ss,s Bart ol omeo and Casser
most outstanding artists they could find to produce accurate representation of anatomy for
print. According toLoechel,

ADuring the Renai s snxtred reaismtand n gener al
idealism and medical illustration was no exception. The physician or

anatomist of this period had a titanic job on his hands to find an
accomplished artist who would undertake
(Loechel,1960:169)

A book that Bows illustration in an interactive manor was produced by Johann
Remmel in'"s, 6Catoptrum Microcosmicumbé, it wa
remained in publication until 1754. According to thardin Library for the Health
SciencesiCatoptrum Microcosinc um, probably the most extensi

booko ev e r(Hagin bilotanydoetde.Health Sciengasd.)
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Fig. 2,Catoptrum Microcosmicuntowa Fig. 3Catoptrum Microcosmicumowa

Digital Library, (2013)digital.lib.uiowa.edu Digital Library, (2013)digital.lib.uiowa.edu

Remmelin's work is vergxtensive in terms of intricate anatomical details. The page in figure

3, has a series of flaps opening up to reveal the various layers to the human body and its
organsOn the page there adéferent sorts of information, images, physically constructed
structures with connections between the different organs that are articulated not just by the
print but the physical relationships on the page between the flaps and there is also text to help
further explain illustrations.

The production costs to produce a book with interactive flaps is obviously more expensive to
produce then a flat image, this could have been driven from a sense of dissatisfaction of a flat
2D image which is a common themehtigip to the current day and why we have so many
different forms of medical visualization. WHate mme | i raliows the aserko do is refer

to the text to learn about a particular organ and then move on to the next section and go back
and recap about@evious body part.

Medical illustration has a long history of abstraction of the human form and moving away
from a photographic realism towards a schematic realism which is in fact more effective

in communicating the internal workings of the human foFmio important people to

note in regards to simplifying anatomical details in the visual representation of medical
17



imaging are Henry Gray and Henry Vandyke Carter with their first publication of Greys
Anatomy in 1858 (Richardson, 2009: 5). According to Brdson

AGraybs anatomy is probably the best know
world. So highly regarded is Mr. Grayds b
alongside the bible and Shakespeare as fundamental to the education of a
doctoro, (Richardson, 2009 8: 5).

Ric,ar dson tal ks about the simplijcity of readi

AfiThe eye could grasp what it needed at
appearing directly on the appropriate structures meant that there

would be none of those nasty little digits dottddbakr like numerical

smallpox. Furthermore, there would be no need for footnotes to

explain everythingo. (Richardson, 20009:

Figure 5, illustrates Richardsonés point abo

smallpox.

Fig. 4Artist- C.J . Rol | i nuy < Fig.5Arist-C. J . RollinAnus i
Copperplate Engra Copperplate Engraving

(1756) (2013) nim.nih.gov (1756) (2013) nim.nih.gov

When O6Graybés Anatomyd6é was fwhereplcedgstraighti shed 18

onto the body parts, as can be seen in the figure 7.

18



Fig. 6,Artist - Gérard de Lairesse, Fig. 7,Artist - Henry CarterAnatomy of
anatomistGovard Bidl oo theHead(1858)
des menschel @60@&n 1| i

(2013) nim.nih.gov

Gérard de LairessBustration is very detailed and realistic in terms of the small details
and looks like it has been drawn from life, while Carter introduces a different from of
illustration, the approach makes it much easier to underitanthmes of the muscle
anatomy.

To provide another comparison to Henry Cartefigure 9,the researcher has placed an
example from Jones Quairigure8,. The styles are very different, they are only seven

years apart but Quain holds onto older illagon traditions.
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PUBLICATION

Fig. 8 Artist- Jones Quain, The Uterus Fig. 9 Artist- Henry Carter, The Uterus

(2009) (2009)

Quainds illustration is a realistic depictio
a dead womands wo mhtoshowtke effetteos gnavity. Thegiss d o w
indicate that the organ has been nailed to a board. AccordiRictea¢dson, 2009: 227)
ACarter's image i s a diagr-asmQudinstasee | i fe giv
convey the impression thatawomantiased f or us to see it. o (Ri
Another notable Artist and Physician that had a wide spread of communication in medical
information and interactivity in the form of thirteen books, four thousand illustrations and

over two hundred pamphletgas Frank Netter (Dominiczak 2012:1).

According to Dominiczak AThe Books could be
and they stood out from conventional texts. o
whose style of presentation becamenagartant to his readers as the scientific message. His

name was Dr. Frank Netter (19069 9 1) 0 . (Dominiczak 2012:1).
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Fig. 10, Fig. 1IThe Netter Collection of Medical Illustratioii®010) (2015) youtube.com

In figure 10 and 11, the illustrations haae element of interaction as the user opens the
pamphlet to reveal a cross section of the heart that reveals the inner workings of the heart
muscle which is accompanied with some text to explain the muscles function. Like
Remmel in's fl apch oacl s iifGakiNetwrtisrpushing 2D interaction

in form of a pamphlet.

As well books, medical journals and pamphlets, Frank Netters work also comes in different

forms of media such as an Interactive @ m 61 nt er acti ve Atl as of

H

(1998)md t he ONetter's Anatomy Atlas App (2012)

and can be downloaded from the iTunes store to work on Phones and Tablets. According to
the description in the iTunes store the software comes with lots functions includinig musc
information, innervations, actions, blood supply &aizkl quizzes.

The CDRom, IPad and other forms of Tablets can allow for interactive forms of health

communication to become | earning tools. An

Flash! An hteractive, Flasttar d Approachd, Turner. Mar il yn

learners as the information is visual, audio and requires some engagement due to the

interactivity. According to Turner;

AMany people are auditor yormatomr ner s . I n
these people need to hear it spoken. The more complex the information,
the more they need to hear ito (Turner

21
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What the digital tools provide is to help build on the core knowledge base tredtdaaty
been stablished. AccordingtLoudon;

AEvery era and culture that has produced
human condition in a social context has generated what may be called

medical art. If we attempt to define what we mean by medical art, it is

difficult to know where to dna the boundaries. Any image which is made

to perform some kind of role in how we perceive our bodies and alter our

state of health c goudpnp20®nl). i ally be includ

Medical visualization is a living tradition, by using 3D digital media doest

change the traditions that where established in pre digital niealigof the effect

of the rapid changes in technology and the availability of technology are that the
nature of medical illustrations change and adapt to make use of emerging

technologes.

2.2 Current Medical Information Systems

The public can obtain health information from a very varied range of sources, some are
authoritative and some are not but there are ways of searching for authoritative sources which
is discussed in th chapte. According to Wright;

AThe area of health communication continu
research have expanded health communication into health domains that
many people in the communication discipline probably did not consider 30
y e ar s(Wriglt,2@12: 7)
There are many ways patients and their families find information tedetfate themselves

about medical conditions. According to t@atilli;

Al ndi vidual s use other sources of health
newspaper, magazindsternet, and family/friends/coworkers) to

suppl ement information pro@Quilded by health
2010: 1).
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Toexpand orCutilli6 s comment, in the UK pamphlets are
hospitals, private clinics, health reddtcharity organisations and inside doctors surgeries

which are generally a good authoritative source of information.

Internet websites such as the World Health Organisation and the National Health

Organisation (NHS) are very large resources for gainimgvladge on a range of medical

ail ments. The NHS has a certification scheme
promote their information as an authoritative seyrsccording to the NHS website;

AThe I nformation Standaheathands a certi fic
social care information. It has been established by the Department of

Health to help patients and the public make informed choices about

their | ifestyle, their condition and th
(NHS Information Standard, 2014).

The NHS website connects the public to other organisations that are associated with medical
conditions such as AAsthma UKO6. The public c
bodies. Forums are part of these resources where the public canmalotiaéh support and

broaden their topic search which is another form of health informatieking behaviors by

patients.

2.3 Digital Information Systems

The NHS website has a secti-Oh (OMHS h@hdiroemd, p
2012) where therare various search functionalities to help focus on an area of the body

associated with a medical ailment. It isaarthoritative andhformative source of

information on a range oflanents that contains still images and videos.

Inthe NHS C hwebste asscan be seen in figure 12 the male has his organs

showing in his chest, this happened by the researcher rolling a mouse over that particular

area. By clicking on the organs, another image appears that shows the anatomical image
23



approximately twice t size as if zoomed into the chosen area. At the same time the
relevant medical conditions correlating to that area of the body appear. Then when you

click on achosen medicaliBnent a new page appears, (see figure 12).

ZEY cheices o nes yourcnoices & Enter a search tem ==

m Live Well Carers Direct Health news Health services near you
Health A-Z - Conditions and treatments of the lungs - male

Select a body part or from table below [} selectanarea Select a specialised
area

Bre:

Male Female

Hosd 2 heck *
Usper back

< »

Chest & back

Fig. 12A NHS C h(@014) ehsuld

e (T () e e

Astnma | Symploms | Causes | Diaanosts | Treatmeat | Living with

Introduction

Asthma: an animation

5.4 4

million

1 adult in 12

In figure 13, the website explains the condition asthma. There was a small window with a
rendered animation that has very clear narration about the medical condition. There are

tabs at the top of the page tpat e sent a range of i nformati on

24



a comprehensive 06list of medicines6 that

ar e

asthma and Otihree dnapAodornkeidinge t he NHS website;

AThe Map of Medi ci nughoutthe NHS®d by doctors t

determine the best treatment options for their patients. NHS Choices offers
everyone in the United Kingdom exclusive and free access to this eutting

edge internet resource, which |l ets you

(NHS about chaes, n.d.).

The information in the O6the map of medi

clinical experts and was based on the best available clinical evidence there was to date.

The researcher contacted the NHS Information Policy Team and askeduld be
possible to use information from their website in order to create a 3D medical browser.
The NHS policy email gave permission for the researchertgeanformation free of
charge in any format or medium from the NHS website for the prgjeetappendix for a

copy of the email.

2.4 Interactivity and Medical Representation

A company that specializes in medical
have apps that work on many platforms such the iPad, iPhone, Mac OS, Android and
Windows. The 63D4Medical 6 website has fou
Syst ems, Body Regi ons, Heal th & Fitnes:
between two to ten dollars. The app had many interesting features such as anatomical
relationships between the bones are explained. The user can select multiple objects st
bones and isolate them for further investigation. The text was hard to see which might
issue of the product working on an iPhone rather than a tablet. Teheacpmas an anatomy

browser and there is not much that describes medicatais apart from a dental section.

25

Ci

S e

neo



A company call ed 6Bl ausen Melphasdosslof mEdicah m
animations on their website. According to the websitetheye fian 1 nt er n¢
recognised leader in medical and scientific animation and illustration. Our-sarthg
work combines stunning visual drama with unwavering scientific accuracy. It is reviewe
continuously by a team of industry experts and ouriMeda | Advi sory Bo
1991 they are celebrating tmd)r twenty

caN>D0ID The researcher downloaded the Medical

R — Communications browser on a smartphone and on an

Human Atlas

iPad, as can be see figure 14. The software has
around 10 animated cinematics but the vast majority is
static rendered images with text based answers to
medical conditions. For further content the user has to

purchase individual animations for eachrant. The

animatiors reviewed were clear and proved to be a

Fig. 14 Blausen(n.d.) good learning tool to learn the basics of medical

blausen.com understanding of a particulaimient.
The website has an awards section in which it showcases the numerous awards it has won
since 2003. The list of competitionipz es i s extensive: fAeHealthca
Web Health Award, INDEX Award 2011 Nominee, Innovations in Healthcare
Competitiono and nohpaThecompany leas thilBredaheis3®n ,
animations into different media devices and you can wéim on Tablets,
Smartphones, Web Application and Bedside Units and on the Internet via PC and Apple
computers.
Art Director, Cal | uifRaWwen 42,m.dif a needical@mtnaatiod o m 4 2 6

company, responded to a question from the researchem eiaail about real time
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medical visualisation he states it is going to be a huge growth area once the next
generatn of engines are on the market.

AThe next generation of real time graphic
Unity 5 is going to see huge improvemt®in real time graphics and may
even replace rendering medical animations altogether as the demand for
real time visualization will grow and clients will expect to see both a
finished animation and an interactive demonstration. Currently there is a
hugegap i n the market for TaWdskt and web bes
2013).
Where Welsh mentions real time graphics may soon replace rendered animations, this is a

point shared in an article by O0Credmd vebl 0qb
engines to speed up the process of content g:¢
executive producer Duncan Burbridge from &6Th
company specializing in pre vi stouimpraveitati on f o
offering, the studio is currently evaluating Unreal Engine 4.5 as a replacement, | think the

output speaks for itself" Jarratt. S (201b)h &nreal Engine 4&  tBhbrlaritige mentions

will be released in 2014nd it will allowgames progamming and graphics capability to be

improved to help deliver content to the current generation of games consoles. This is

particularly useful for training simulations as environments will have much hfigledity.

2.5 Interactivity and Simulation Software

Some of the largest games and simulation companies around the world have switched

over to make modifications with games engines rather than creating an in house

proprietary engine. The return for the games engine creator is a royalty based system or a

one of fee per | icense eswdl ampm @ntteome ahews GAc
|l argest contenders for free games engines on
Epic Games I ncorpormdaaca,by h@r YWitCely sarsd EaMlgn inteyd

Unity Technologies (Freeman. W, 2009).
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With the visual qualities of next generation game engines, large interactive simulations

companies such as Intelligent Decisions are using them to create military simulations

rather than develop their ownlouse simulator As an example of using a games

engine to simulate a military siusngtheat or, O6BoO
games engi net o6 Qrmaykken gai nseiB3me | #Fuourea Vi ed u@al Ba
(VBS3, n.d.). It teaches military soldiers tastiwarning signs for improvised explosive

devices and many other useful skillsets for soldiers before they are deployed or as a

retraining tool.

Flg \15 The Future V|rtuaI Battlespace(ZOlZ)products bisimulations.com

On the NASA website theyuseeé Uni t yd games engine to help e
what the exploratory rover cal(JetPhbpulSi@ur i osi ty

Laboratory, n.d.)

800 Eyes on the Solar System

EYES
Qe o>

ot Propuision Laboratory | Calforia Institute of Technology

[ Lcon oo e ] et o |

4 DATE A MULTIMED

Fig. 16, NASA Jet Propulsion Laboratory (2013) mars.jpl.nasa.gov
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The researcherreviede t he 3D model s on NASAO6s simul ator
possible chose of engine to use for the artefact as it had web browser functionality and
NASAO6Gs Jet Propulsion Laboratory was proof o
machinery was created to aseaable level of clarity but the researcher could see the use

of polygon distribution was heavily optimised. It simulation lacked shadows and the

digital surfaces that helped form the materials from metals to rubber where quite crude.

The interactive usenterface allows the user to view lots of objects of interest such as

satellites, stars, asteroids, planets and much more. The user can track objects in space in

their current position and give distance trajectories from earth which showed a high level

of complexity in the simulation design.

As an example of a proprietary engine compared to an off the shelf solution that are
achieving similar g oThé SolartSysiem, Explere Your®Bécke r r evi e
Y a r athddThe Elements: A Visual Exploration amde seen in the figures 17 and 18.

According to the Touch Press website

AThe aim of Touch Press i sinvenbthecr eat e new
reading experience by offering information that is enhanced with rich

media and that adapts dynamicallythie interests and experience of the

readero (Touch Press, n.d.).
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Fig. 17The Solar System, Explore Your  Fig. 18The Elements: A Visual

Back Yard2012)touchpress.com Exploration,(2012)touchpress.com

Both apps in the Figures 17 and 18 perform f&el very much like a digital book; they

both have very differentThentSolaart i Sy sttye moér hb es
created by modifying the Unreal Development Kit (UDK) Games Engine. This makes it a

three dimensional experience and allowsuber to visually view particular facts about

planets such as gravitational pull with the use of interactive animation. The user can also

bend grid patterns to show a planetés effect
move around the object withick and drag functionality.

6The El ements: A Visual Explorationdé is a vVvi
helps the user understand thexiodic table. It is a flat 2D experience with &

rendered images that can spin around on one locksdnax 360 degree motion.

Both of these experiences allow for customer engagement and do so with touch finger

playability which makes use of functionality such as pinch and swipe. They both work

offline but with online benefits such as YouTube movies¢hatpop up.
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2.5.1 Interactivity and 3D Simulation Software

A serious games division of Blitz aglames stud

according to their website;

AiTruSim creates effective, immersive and engaging training games using

high quality 3D games techniques and technologies. Our games can be

used on any platform PC, handheld device
be accessible and easy to use as wel |l as
(TruSimTriage Trainern.d.).

Figure 19 was from a case study in which a simulation has been used to train NATO and
the UK emergency service medics how to treat
website

ATri age Tr aiunatedecidia wakingiptke lifa saging skill

of Triage. The game is set at the scene of an explosion in a busy high street

and the player's job is to prioritize the
(TruSim, n.d.).
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This simulator has examples of val characters losing blood from the explosion, their
skin colour fades and the characters are animated to look distressed, disorientated before
hyperventilating and then finally passing out. This visual information allows medical

experts prioritize the saalties.

Dr. Jack Choi demonstrated a real time, digital virtual dissection table on Ted Talks (Ted
Anatomage 2012)fhe demonstration used a very wide variety of digital tools to
accomplish a lot of features that allow the user to view inside a schodgdrhe
company t hat cAneaattoera gogtoddimgdo theiaWebsded 6

AAnat omage of fsgavstuabdissectiondgableforthe i f e

medical community. The Table offers an unprecedented realistic

visualization of 3D anatomy andt@ractivity. Delivering accurate

anatomic details, it is complementary for cadaver based dissection courses.

For anatomy courses without cadavers, The Table offers the most realistic

virtual cadaver. This cutting edge technology will help raise the st@sdar

of medi cal e d u ¢ a(fTHe Amatorhage Talhed/irtuale x t | evel 0O
Dissection2014)

Fig. 20Anatomage Tablg015) anatomage.com

The Anatomagepresents CT and MRI scan data in a touch screen method. From the image
data the injuries look partitarly useful for students, showing fractures and abnormalities in

full 3D. This device would be particularly useful for students for training. For what the
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researcher is trying to achieve this 3D data would be too complex to show through a web
browser esgcially with animation.

A company that specialises in training and education solutions for medical professionals

is O0Simbionix6. They heangeeandaecardirgdotheihei r o wn
website;
AfOnce the virtual m o sineulatiomes\sronimene n ex port ed

the physician can determine, evaluate and asses the appropriate access
strategy, select tools and equipment, guide wires, catheters,
endoprosthesis, etc.o0 (Simbionix, n.d.).

Fig. 21Simbionix Procedure Rehearsal Stu(R913 simbionix.com

Simbionix has direct feedback to the medical practitioner in the form of a real time
computer graphic screen mimicking a real life operation as well as having a physical

operation theater around them, giving the user a close to lifeienperras possible.

A branch of Blitz GamesStudio 6 ¢ & t U Srdadeé game that helps enabléealth

professionalsto recognizethesignsof paient deterioration, it 06s cal l ed OPat.i
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PATIENT OV

PATIENT D0

Fig. 22True Sm Patient Rescue (2013) trusim.com

True Sim,Patient Rescue tries tget the user teelate to 3D med cal informatics andriew

thesmulation ofadigital personwhois having a heart #ad for example The user can

then be tested on making a set of correct or incorrect results which imerglascenario

could bepotentially dangerous for a patiemtewebsite has awarningi sme use's may
findtheviswudisationdistresingd , shdws the level of realism in visual

communication that is now possible with real time 3D simulation, initinaight offend

a member of the public

A company calledd Vi r t u a treatdsenmersive, 8D interactive learning solutions

that they mention onfitdelirtwebgnteetrtoaotali nsu
(Virtual Heroes, Medical Project, n)dThey have a range of simulations covering

Government, Military, Industrial, Medical and Education. One of their products that
concentrates on patient safety inside a medi
simulation has an option of team collabaratio test team coordination andtual

instructor led review.
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Fig. 23Viftt]él Heroes, Medical Projec2012)vir

tualheroes.com

The website expl afirstgersanhaltipfayentraihireg pplcationa s 0 a
used for medical educationahde am tr ainingo (Virtual Her oes,
The simulation has a range of approaches in the way it delivers content for example

making use of Xrays, placing a patient in a medical theatre and giving the user an

interactive options panel onegtoottom left of the figure.

2.6 Serious Games, Medical Simulators

The researchés artefact fits the gen®erious Games, the reason is;

AiSerious Games is a branch of video games
concept of games designed for a serious purpibss than pure
ent er t gAndemsonretal012: 1).

Under the term Serious Games there are many classifications such as NewSganass,

Based Learning, Persuasive Games and many morg(Mikdsenet al. 2011: 9)The closest
classification thathe researchérartefact might fit into is Games for Healthc@ording to

Ritterfeld
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AOver the past few years, Serious Games

international conferences, conventions, and symposia. Interest in using
games to educate, motivatand change behavior has grown
tremendously in a brief period of time, and by a truly international group
of practitioners, civic leaders, health and human rights advocates,

educator s, g a i n(Rittedfeld etaan 200913 s ear cher s o

To help expanadn the category for Serious Games, Ma explains itsrdiffeareas of

expansion;

ATo date the major applications of ser.i

training, engineering, medicine and healthcare, military applications, city
planning, production, crisske sponse, just to name a
(Anderson, et ak012: 1).

2.6.1 The Games for Health Projecs

The Games for Health Project was founded in 2004 with the goal of promoting games
technologies for improving health and health care. It is funded partlyebirobert Wood
Johnson Foundation and according tarthebsite;

A Our mi sfesierewareness of, @lucation about, and development
of games that make a positive impact on the health of communities and
health care. o0 (The Games for Healt h,

f ew.

n. d.

Since the organisations creation in 2004 they have just had their tenth conference in 2014,

Boston.The project is run by a collective of experts in the field of medical research and

games design technology. Many of the games thatptwyote cover a rang#d topics;

Aphysical therapy, di sease management ,

biofeedback, rehab, epidemiology, training, exergaming, cognitive
heal th, nutrition and heal.th educati

The Board members, staff and contributorsaacellection of medical experts in their
field. Together they contribute collectively, their skills range from a certified

Anesthesiologist, specialists in treatment of children with severe injuries, physical
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therapists and specialists with spinal cordiiigs and stroke or traumatic brain injuries.
There are many more highly skilled and academically acclaimed people involved with the
initiative. Debra Lieberman sayn her keynote speech at Tedx;

AThere is skepticism to arangisathso t he rese
medical field. Doctors will not do any kind of treatment for patients for

even health education without some evidence it works, how do they work?

Why do they work? What are the psychological processes, cognitive

events that occur withian g a me a rCdn pkying digitabgames

improve our healthTedx 2009).

The Games for Health initiative has a very clear and simple development plan, which is

to promote the results with certified medical experts and release the articles for use in
publications. One such gameMitshsd oinmdi tainadt iavwe: op
to their website;

i RElission is a video game that gives young people with cancer a sense

of power and contr ol over their disease.
supports treatment adherence and can be used in the clinical setting or at

home by patients on-Mssianmdgnance therapyo.

Fig. 24,ReMission(n.d.) remission.net

Figure 38.0 shows screen shots from people using the game, it helpsnalsessamnd the
medical vernacular based around their condition. It allows them to play a game that
shows the long term positive befits to chemotherapy and other prescribed treatments. The
Games for Health team then research theefélfacy in the patientsas the organisation

believesd RMi s s givesmaétients positive emotions towards their prescribed
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treatments. There are many publications on the user résmt® RMi s si on o . I n an
interview by the creators of the game they mention;

AThe c u ltsrsygest that a carefully designed video game
can have a positive impact on health behavior in young people with
chronic illnesso. (HopelLab, 2007)

As the games industry has constantly pushed the boundaries of visual quality. The

graphics quality of selen images from games engines is now at a stage where it can be

used with enough clarity and accuracy in its visual representation of the human body to

be used as a tool to teach medical students and the general public about medical
conditionsascanbesen wi t hHeOrVvaegsd.alAccording to Graafl

AThe application of digital games for t
ontherise.Seal |l ed O0serious gamesd form train
a challenging simulated environment, ideal for future surgriaaling.

Ultimately, serious games are directed at reducing medical error and
subsequent healthcare costso (Graafl and

2.7 3D Through a Web Browser

With the release of 64bit, Direct X 11 computing in 2009, the standard for real time

graphics was raised. It took time for companies and the public to update their software

and hardware but as they did it allowed for better 3D graphics due to computers coming

with graphics card capable of performing 3D graphics.

One of the most used 3D embeddeeb based technology that people would recognise is

Google Earth. This standalone product has been downloaded over one billion times
according to the 6Google Earth websited (Goo
software has given the public an undansling of the benefits to streaming 3D graphics

as cities, roads and 3D buildings load up in real time from a cloud based source through
6Googl e Maps, 20156. The creators however ha
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3D modelsversus thejuality o the 3D models, a practice in the games industry called

6Level of Detail 6 (LOD).

Figure 25 was a snap shot from Google Earth, 3D content is embedded into the web

browser enaleld by downloading the Google Earth plugin.

There are many successful games that have been launched using embedded computer
games using web based technology. To give a
Gal a cSyly Ganés2 0 1 ®éadFr 6 n t(Greaky @orpse, 2013)dnterstellar

Marinesd (Zero Point Software, 2013). These
online roleplaying games. They show the high level of complexity that is possible

through an embedded browser. The only disadvantagenemsite quite slow at

uploading the game into the browser due to the amount of content that is being delivered

but this can be resolved to some degree with faster internet connections.

The Ford website has embedded 3D content to help the user view tordisasar
models. There are a number of options for viewing a vehicle: 2D photo, film and 3D
models. Ford has chosen to use Java to enable a range of 3D cars to appear in the

browser. There are a number of issues with using Java: the plugin was notanabve
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browsing, it was slow to install and in thi
on the research@& PC showing a notice that Java is trying to access the Internet every
time the website was accessed. These kinds of issues might be endatgr users who

are not very computer literate.

EawrxuwL

Fig. 26, Ford Motors Website (2012) ford.co.uk

Il n Fig 26 the 3D car becomes available when
From the outside of the car the camera is locked, which allows Fdrctéte the best

possible view without letting the user break the camera. The experience feels like a

hybrid of a rendered cinematic but with some 3D interaction. The camera can instantly

move to a position inside the car. Once inside the user is fpantthe camera around

but it is very restricted as there is no dolly, track or zoom and just a limited pan from left

to right and very little tilt.
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2.71 3D Medical Informatic Systems Through a Web

Browser

A companXygatl ¢hasardaped aonline nedical communications simulation.
The software is an anatomy browser and does not explain medical ailments. According to
t heir websi t broadcast télevisign, films, Eomputarsganies, educational
software, and medical illustrations aach i ma {(Zygotebsdy, n.d.)Zygote Body allows
manipulable 3anatomicaimodels that work through a web browskccording to the

Zygote website,

AThe foundation of this collection star
based on CT scans, and upon waredl the other systems fit together.

This collection has been in development since 1995 and is

continuously being upgraded and i mprove

*'BODY

Fig. 27, 3dsciencé2011) 3dscience.com Fig. 28,Zygotebody2012) zygotebody.com

To use Zygotebody the user has to create a login account. Once the user has logged in the
software introduces the user to the monthly costs. There is a free option which has a limited
service. After creating an account the software was easily accessibkeweith clear user

interface. The 3D digital human body takes around twelve seconds to load on a ten megabyte
connection and then there are some further texture streams once the digital character has fully
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loaded, such as the face texture. The cameraesotat two single axes; left and right and up
and down. It has a slider that controls transparency to help reveal the digital human body
from the outside skin layer to the muscle and bones, circulatory system, organs and nerves.
The clothing did not allowhie researcher to review what was under the garments. The
transparency of the clothes and skin happen at the same time. Google are possibly avoiding
the subject of nudity. The product is primarily an anatomy browser so it does not have any
audio, lighting ontrol, animated mesh data, there is not any camera paths (like google earth),
no post process effects and no animated schematic break downs.

It was created by Google Labs but is now maintained by Zygote, which may explain why
some of the camera functiomsmuch the same way as Google Earth, for example when

the user performs a name search, the browser zooms towards named body parts.

There was a problem with Zygotebody, when the researcher tried to view the product in

I nternet Expl orTisprddictuseb Web@ls wehich ysua iralser ddes not

appear to supporto.

Anot her medi cal I nf or ma taipublshing plaifbrm fors ABi o

visualising anatomy, disease, treatments and health informatidnl i n i nt er act i

(BlausenBio Digital Human, n.g.
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Fig. 29,Bio Digital Human (2014)biodigitalhuman.com

Bio Digital Human is free to use but there was a premium charge of six dollars per month

for more content and features. The product is optimised with no frame raselardo

issues as it starts with the display of a digital skeleton and then the user has to upload

human body parts by selecting them on a table to the left of the screen. There are small

data loads for each digital human body part. The 3D models are earyacld the user

interface is easy to use and navigate. There was a lot more to exgloBeiino Di gi t al

Hu macondparedt@a y got ebodyd body as there are | ots
detailed functions describing body parts. The detail in the 3D Inedere complex

thanygot ebodyd6. The camera is able to rotate
There is a medical ailment browser and it zooms into the affected parts, and it explains

the ailments with text.

ygotebodyd and aeBwoageatine gxanipked thatHworkntaraugh a

web browser. They are both functional and good anatomical learning tools.
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2.8 Software Development Methodologies

The researcher set out in this study to see if the technical advances in 3D graphieddeliver

through web browser could be an effective way of delivering medical health information.

Choosing the appropriate game engine for this task was a matésieafching the current

market. This meant gathering information from various sources such asesetisms,

magazines, books, conferences and speaking to old work colleges working in the games

industry.

Websitessucha®evel op6 | isted the most popul ar game
coming in top placgFreeman. W, 2009Y.argeting the moselevant and popular forums

t hat have regular and up to date posts by te
forum for example proved to be a valuable source of information, Polycount (n.d.). Many

people in forums have signatures below thestp mentioning their current position, this is

useful when it is an engineer from a company that is communicating or answering a question.
When information can be disclosed forums can be ahead of game company websites,

magazines and publications due te thpid proliferatiorof games consoles, tablets, smart

phones and virtual reality headse&tsWi k i pas a@hiexedsive list of games engines, it also
conveniently lists all the engines functions such as Web Browser support (Wikipedia Games
Engines 2015)

Going to Ani mati on, Ef fect s, GamasdMediad Tr ans
Exchanged (FMX 2015) in Stuttgart, o&éDevelop
O0El ectronic Entertainment Expob6é (E3f2015). A
information not only for the talks but also for the networking opportunities they can bring.

Once information is obtained and documented the best way to review a games engine is to
downloaded it and spend some time reviewing the product. Testing tifagatand making

sure the pipeline functionalities actually work. Weighing up all the advantages and
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disadvantages to the choice of games engine enables a developer to come up with the best
software product analysis for what the developer wants to maktegegine allows for

slightly different specialty's.

The researcher wanted to make use of his experience in games industry techniques and
test i f itds possible to clmenstssetautintbeo!l t o
Research Questions. Inet case of this studgsthma was chosen and was to be displayed

in an interactive manor inside a web browser. With HTMAIBbGL, JavaScript and

web browser vendors collaborating with games developers and new technologies are
starting to appear on the matko allow for more 2D & 3D content on Web Browsers
(Echterhoff 2015)The researcher wanted to explore many of these new features for
medical communications and to see it is possible to communicate effectively to a target
audience. Modern computers ardart phone devices makise of hardware

acceleration;

he

AMany modern browsers now take advantag

hardwareacceleration. This means that the browser can use the

Graphics Processing Unit, or GPU, to speed up the computations

neededta i spl ay both 3D and (Ghanetayday 2D web

2015:6)

Games engine technologies allow for multiplatform capabilities from a single development

tool, this means being able to export to games consoles, tablets, smart phones, VR head sets,

and Web Browsers. This study focuses on 3D medical information being presented through a
Web Browser to a target audienaesthma suffegrs. In order to understand the human
communication in context to the prototypes design, user testing was set @gthitia

sufferers. According to Benyon. D;

ADesign is a creative process concerned

new. It is a social activity with social consequences. It is about
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conscious change and communication between designers and the
people who willusethesyt em. 06 ( Benyon, 2010: 146).

The prototype was to be test edsthmaosufgswbser gr o
and the results where to be documented on how the interactive technologies performed so the
researcher could understand the commuiundetween the product and the user.

According to Benyon;

AUnder st and what the requirements ar e;
requirements generation techniques; Use techniques for understanding

people and their activities in context; Document the results as
reqguirements on interactive technologi e
2010: 146).

By getting a range adsthmasufferershe requirements in understanding any problems with
the software artefact will surface from the user testing. Medical professionals seresat
tested to help validate the accuracy in the medical simulation to help further validate this
study.

In order to gain authoritative audio and visual material to use in the medical browser the
researcher approached tHElS and asked for permissiamtike information from their
website for the use in the researéagarototype. The NHS granted with an agreement

document via an email which can be seen in the Appendix.

2.9 Agile Software DevelopmentMethodologies

The researcher worked foracompang | | ed O Rar e Gaodd),Raresw.d)di od (
They are a games studios that produced software for Nintendo. The software development
was very much management driven from the CEC
for delivery of content drive resources. At that time the development team delivered content

on calendar dates in order to meet a final deadline. While this management style is flexible in
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small teams as the company grew in size this was not very agile. The development process
couldnot cope with blockages which can come in the form of a range of issues, for example,
team members migrating companies, software and hardware failure, publishers contract
deliverables and their own manifesto which can adapt to audience trends, thispshan

of what can happen to a software development team. A new management process was
implemented to control the software development as the company that grew from thirty
people in 1997 to around two hundrey 2001. According to Brown;

fiTo understand wdt it means to practice an Agile form of user
centered design it is important to have a sense of what exactly Agile
means and where the term came from. Since the Agile methodology
has a deep, rich history and is continually evolving, it has become the
subect of many books, blogs, white papers, conference presentations,
and websites, all of which have their own take on the value system
and its methods. o

(Brown, 2008:1).

When Microsoft bought oud R a r e iw 2002enéw forms of training in software

develp ment was introduced and O6Scrum Managemen
development process for the disciplined development process in the creation of computer

games. According to Holcombe;

AWhen we embark on a softwande devel opme
some would say the hardest phase is that of determining the

requirementdinding out, with the client, what the proposed system is

supposed to 200820 (Hol combe,

The researcher also worked for 6Kujud in 200
same agile software development process as already experienced at Rareware, Microsoft

Games Studio. This made the process of embarking on new products relatively straight

forward for programmers, designers, musicians, producers artists, and otherftore sta

members. It made the core work flow a familiar process and for those that did not know about
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Scrum Management, a matter having some training to become a proficient member of the

team.

2.9.1 Scrum Management

Experiencing Scrum Management at both Kajad Rareware, Microsoft Games Studios
proved to be an agile process for accomplishing a complex framework for staff and software
development in order to reach a common goal. According to Pries and Quigley

AThe Scrum appr ovaleehaddeddiviiepasdd away non

impels delivery by focusing on the immediate details. It is not possible

to interpret Scrum as anything as anything but disciplined

devel opment model . 0 Pries and Quigley (

Scrum Management is particularly aimed at projects whererld user may not know

exactly what they want. Targets can change in replacement of new software features taking
new priorities, this help ease issues such as blockages and helping to resolve the overall Gantt
Chart targets, al so «khomwtn taesr m Spoalnd sand offbu
ongoing process. Priority to variable changes has to be addressed in order to meet regular
Sprints.

The researché experience on larger teams worked by having regular meetings every

morning at a regular time &xplain the current software development process to the

allocated Scrum Master, a series of questions would be asked, for example, what did you do
yesterday, what are you doing today, have you any blockages, are you waiting on any
software. Then the ScruMaster who is normally a senior member of staff would meet with

the team leads to give an overview of how the development process is moving and they

would go and inform the CEO and they would inform the stakeholders or publishers.
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To sum up the researai@e experience of scrum management, from a junior artist through to
senior member of staff. Scrum provided to be a clear communicator for team members,
organizing milestones, educating everyone involved in the project from the stakeholders,
CEOOG6 s, d¢ramandrs, Rrtists, Designers, right down to the junior members of the
company. It is a very fast way of negotiating priorities and explaining any possible blockages
to the team. There are many process in scrum management that can be implemented for a
single developer. For example managing a product backlog and signing off development
goals, keep unit testing in place, retrospectives in terms of change being welcomed, this could
be in the form of a software update that can both help development but als@ ddoskage,

never settle into a rhythm always look for the new software developments.

2.10 Survey Methodologies for Software Evaluation

The software evaluation will have a number of stages. Early development will be to see if it is
possible to answehe first research question and find a games engine that can deliver 3D
content into a browser. In order to find the right games engine research will need to take
place by looking on game company websites, reading though magazines and publications,
postingon forums then downloading the engines and practicing with them to see what they
are capable off.

If the artefact is based @sthma it will be need to be user testedstihmaSufferes as the
target user. This will mean ethics approval will need todpdied for in order to receive a
protocol number before any user testing can take place.

While the ethics application is being processed a pipeline will be created to make sure an
independent developer use the games engine and export from the engirebtbrawser.

This will help highlight any blockages such as animation not working, having to learn some
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programming, seeing if the graphics is high enough in resolution to show the human form and
the internal organs and bones.

Once the researcher is confidé¢hat the first research question can be answered the next
process will be to customise the games engine into a simulation. The software will need to
lose all the gamification from the prototype. Once a working porotype is working and the
ethics clearareis approved the user testing could take placasttmasufferersto test the

artefact for its communication deliverables.

The artefact can then be tested on medical Professionals for its accuracy. The last stages will
be to gather all the information @dsummaries the results into tables to get a better overall

view of the results.

While all the above research will be taking place the research will need to write it all out into

a research paper to help support those arguments.

2.11 Literature Review: Summary

There is long history of medical illustration and visualization. There has always been tensions
between representational and abstracted styles in terms of medical communication of the
human form. There was a dissatisfaction with purely 2D illtisttaand physical models as a

way of communicating effectively as they can never replace the real human body but at the
same time they have always been present as training aids.

In the digital era these tensions where replicated and reproduced with tgghii@adually
technology has become available to allow medical visualization to be viewed on

nonspecialized equipment through the use of 3D graphics inside a web browser.
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3.0 Methodology

This chapter sets out the methodological approaches in th®orehthe software artefact.

The software development project came fiibie researcher having experience of a close
family member wanting more information on a medical condition, and feeling that a 3D web
browserproject could complemempamphletsanddot or s advi ce to help
medical condition. Also upon further research on the subject there is an import social need for
greater health communication. The resear¢hought the technology was available and

ready to provide a complementary heafitormation tool via a web browserhe research

project was aimed at complementing the current methods of health communication via
transdisciplinary strategies and using web browser technology for distribution methods.

An early prototype was built to etv that 3D interactive content with audio and animation

data could be delivered inside a web browser as a communication tool. Various games
engines where tested and Unity became the engine of choice, which is discussed further in
section 5.Delivery Techmology.

Once a working prototype was achieved the researcher moved the focus to the Statement of
Requirements. There were four main areas to focus on, Target Users, Content, Delivery of
Platform, and Functionality. For each area of focus the researchéoml¢he content from
using various sources, personal experience, knowledgéfefrers knowledge of available
technologies and the information received from the first prototype. This allowed the
researcher to develop a feasible application softwafacrthat would meet the project
outcomes.

A target user obsthmasuffererswas chosen as case study for the focus of the artifact, it gave
a firm idea to build the structure for the artifact. The aim of which was to test the feasibility

of creating a mdical simulation contained inside a web browser, then test the results on
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asthmaSufferers Medical experts were also approached to test the contents accuracy, and

results from both tests validate the research study.

3.1 Project Definition

The software difact was built to see if it is possible to make use of current advances in 3D
simulation software and make a working 3D medical simulatging embedded 3D graphics
that works inside a web browsdihe artifact has the traditional interactivity that@s with
simulation software such as point and click interactivity, animation data, audio and free
camera rotation. It has been produced in a small amount of megabyte (MB) data to allow for
fast upload to help with the user experience.

For this case studgsthma has been chosen as the subject matter in the artifact. This was due
to personal experiences and seeing firsthand the devastating and life threatening effects it can
have orsufferersof the disease. The researd@selister, friends and close famihembers

and a friend of the researcher died of the disease at school.

The next stage was to refine graphics fidelity from the original rough prototype so it could be
reviewed for its effectiveness in communicating with patients about their medical coaditi

and test its usability and functionality. Then medical experts reviewed the simulation to test
its effectiveness and help with the validation of the project.

Reviewing the success of the study allowed the researcher to analyse quantitative data and
help validate this study. The opinion from @sthmasufferersand medical experts helped

shape any limitations of the study and give trajectory for further development of the project.
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3.2 ldentification of the Statement of Requirements

The researchateveloped the specification of software requirements into four main areas and

the Target Users, Content Deliverables, Delivery of Platform, and Functionality.

These prerequisitagave focus for the researcher to achieve clear, defined goals. The
researchiethen developed the artifact using various sources from experience, knowledge of
sufferers knowledge of available technologies and the information received from the first

rough prototype. This allowed the researcher to develop a feasible applicatiearsoft

artifact that would meet the project outcomes.

To help with gathering an authoritative source of informatiorotika t i o n a | Heal t h ¢
was approached for permission to use content from their website; the researcher was granted

permission in the fon of an emailed document (see appendix).

3.3 Software Development

Reviewing the various software development products relating to medical simulations and
other related game engine technologies in the Literature Review allowed for a detailed look
into what is in development and what is currently on the market. Developing a working
pipeline and recording it in the Technology Rational allowed for a rational decision
makingprocess to be considered,; this included reviewing and learning various off the shelf
games engines before deciding the best approach for the creation of the software artifact.
Customising an off the shelf games engine allowed for fast iterations of software
development.

Scrum Management was an agile software development work methodadddfyet

researcher was involved with while workingéaR a r e enavarieu$ Nintendo products that

also involved a partnership with Disney. Scrum became more widely udeld atr e war e 0
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when Microsoft purchased the company. Another games company the regedet at

was Kuju Games Studio, they also had scrum management as a software management tool
and the publishers includédMi c¢ r Sosy]Nintendo Activision, Warner

BrothersandS e g lav@as expected by those publishers that goals where set inra Scru
management style and they could drop into everyone deliverables to see how the overall
production was going K u gauvedegular training for staff members in accordance to the
publishers recommended pipeline and ethos. The main stability in the psobetseen

studios and projects was the Scrum Methodology. According to Pries and Quigley

AThe scrum appr evalwehddes ctivitigsanda way non
implies delivery by focusing on the immediate details. It is not

possible to interpret scrum as anythibut a disciplined development

model 0 Pries and Quigley (2012:1).

As the final software artifact was a research project and not built for a client the researcher

had to use past experiences while based at Games Development Studios. This helped to set
personal agile software development goals and place them against goals set on a Gantt Chart

to meet the software goals known as O0Sprints
of repetition of design, development, implementation and analysis ewarwéeks, then

adjusting the goals on the timeline in order to reach a working prototype. The researcher

chose Scrum Management as the Software Development Methodology. There are other

model s that include AWater f al mentMdedetopment,Spi r al
Process I mprovement Models and Agile develop
was chosen was due to the reseasheersonal experience with the methodology and
according to Larmads view on ha8gitspasanchheonshodol o
and ités up to the development team to adopt

(Larma, 2012:6).
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3.4 Validation

The validation was broken down into three areas; first was the functional testing and
checking for bugs. The rearea was the usability testing and effectiveness on

communication t@asthmasufferersand the accuracy which was tested on medical
professionals. The last was a review against the statement of requirements.

The functional testing was an ongoing proasgach update to the software can bring

crashes and new limitations of the software can be expanded to bring new functionality to the
3D software.

Once the artifact moved from being a prototype to a functional artifact usability testing and
effectivenes®f its communication could be tested. The consideration of the prototype was
aimed at communicating a medical condition to public users looking to gain an understanding
of a medical condition. The users skill level in 3D simulation technology was gobegd

broad spectrum and as such had to be considered by making the overall simulation not too
complicated that the user would get lost or put off with the interface or 3D graphics. The
section of the simulation with free camera movement accompaniegevthand click

selection functionality and voice audio was created to see if it was possible with web browser
technology. At the same time making sure the overall usability of the simulation was easy to
use, as tested in question 10 of the user surveysesdion 6.3 arget User Survey Results.

The development process of performing a User Survey test allowed the researcher to test the
OResearch Questionsd and test asthmasufteleisect i ves

and help test the effectivesgein its communication. According @addrick

AA usability test clearly communicates
research. A great report enables the project team to discuss actionable
solutions that i mprove theddrgkf oduct or s
C 2011:265).
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As Caddrick suggest the survey results will be an opportunity to review the answers and work
out how to improve the product for future development. The validation process was achieved
with functional testing and the goals were driviemm the Statement of Requirements and
Research Questions. Asthma was chosen as a case study for the focus of the medical
browser artifact useesting was performed @asthmasufferersand medical experts to help
validate the projeciThe overall resw$ from the User Survey can be found in chapter six,

Evaluation.

3.4.1 Functional Testing

Functional testing of the software development project was produced in two stages. The first
stage was the creation of a working prototype where the researchetasiuf the process of
the required content could be produced. According to Eyerett

AWith functional test tools, there is a
expected versus actual data or screen contents or report contents.

Either the results compare exactha(p s) or t hey do not (fail
Everett and McLeod, (2008: 160).

The second stage was for test subjects and medical professionals to user test the artifact and
allow for the test subjects to make responses to a set of questions with a Likert Scale to help

the review process. Open questions allowed the researcher to capture additional information.

3.4.2 Usability Testing

In order to find user test subjects a blanket email was sent to University of Hertfordshire
students. The email explained that a reseansias looking to user test a 3D medical
simulation working inside a web browser; the user test subjects had to suffer from the

condition ofasthma as it was a prerequisite for all participants. The first six candidates
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coming from a range of courses acrthgs University where chosen for the study, an extra
subject was put on standby but not need as all test subjects turned up for testing.

In line with the Ethics Protocol the questionnaire was anonymous of any personal details such
as name, sex and age dhd user tester was given a Respondent ID number. All the personal
information is stored securely on a private server and destroyed at a later date. An allocated
time slot from 5pr7pm was open for students to come and test the browser for its
effectivenss on communicating the conditionasthma. Six computers where set up in a
computer laboratory at the University of Hertfordshire

In order to find Medical professionals the researcher emailed around one hundred surgeries
and posted on website forums sash(HealthUnlocked, 2015). Many of the emails where
targeted at hospitals that specialisedsthma care and other various respiratory diseases.
Once contact was made, communication took place for a doctor and Nurse to review the

software artifact and eéhquestionnaire was filled out by them in person.

3.4.2.1 User Testing Design

For the user test the plainest of rooms was chosen and booked. In this room it was free from

any posters with only white walls and fifty PCs. Only the test subjects anelsisrcher

where allowed in the room during the test conditions. At the far end of the room, furthest

away from the corridor to help with outside
head phones and an a A4 sheet of paper with two hyperlirkBrghto the medical browser
website and the second to the O6Esurvd (2015)
subjects spent around 30 minutes browsing the software before filling out the questionnaire.

The questionnaire was set out with theteyn of Likert Scaling. According to Brace;

AThe technique presents respondents with
(a battery), for each of which they are asked whether, and how strongly,
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they agree or disagree, using one of a number of positionsive@ofnt
scaledo (Brace, 2012:73).

The questions can be broken down into four categories. Firstly the effectiveness of its
communication, secondly usability and functionality, thirdly comparisons to other forms of
health information such as pamphlets, émdathly respondent data for research analysis. The

researcher was on standby but not needed throughout the user testing.

3.4.2.2 Ethics

The ethics was dealt with in accordance to the University of Hertfordshire code of conduct
though the Faculty of Sence, Technology and Creative Arts. The process allowed for a

detailed explanation of what was required by the test subjects, which was a software data
analysis and survey. The aims and methods of the research was then reviewed appropriately
and vetted whin the School by the Ethics Comity Board. Once the board gave approval and

an Ethics protocol number was approved, and given to the researcher, codes of conducts were
adhered to throughout the planning of the questionnaire and study. For example, the test
subjects had information explained to them about how the research data and how the
information was going to be stored securely on a private server and destroyed after

completion of the study.he survey asked for the test subjects to click an agreement of
acceptance for participation box which was at the start of the questionnaire. It also explained
that participants could leave at any time should they not wish to take part in the Stevey.

names of the test subjects was translated into code numbeggsithod he O Esurvé ( Es

website to help with data protection.
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3.4.3 Accuracy

The accuracy was measured in two ways; the first was a user testing survey on test subjects
that wereasthmasufferers They reviewed the 3D medical simulation workingide a web
browser that explained the conditionasthma, they saw how the simulation explains the
effects ofasthma inside a digital human body before spending some time answering the
guestionnaire. The second study was to user test the artifact aratheeqgierts so they could

validate the contents accuracy.

3.5 Chapter Summery

This chapter discussed the methodological approach to the reséasdivare development
project. It explains how ethical consideration was adhered to in respectsiitha
sufferersand medical professionals that volunteered their time for the user testing
guestionnaire to take place. It outlines how the data was collected and mentions that an

evaluation of the functional test results are analysed in chapter six diithys s
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4.0 Identification of Statement of Requirements

The researcher will build a real time medical simulator that will work through a web browser.
It will be user tested on asthma sufferers to test how it communicates to a target audience.
Medical prokessionals will review the artefact in a separate study to user test the product for
its accuracy.

Viewing health communication media content inside a websites such as the National Health
Service (NHS, n.d.) or the World Health Organization (WHO, n.d.}3etheebsites have still
images or embedded movies such as Youtube. Can a 3D web browser artefact follow these
traditions but allow for a real time 3D simulation with interactivity. It will be relatively bug

and crash free and users will not get lost ifnitsractivity.

4.1 Target User

The researcher wanted to test if a 3D software artefact working inside a web browser could
communicate to nespecialist users working within a browser. Rather than purchasing and
downloading software artefacts, aswasmved i n Chapter 2.4 with ex
Medi cal Communicationsd® and 03D4Medical 6. Th
advances it may now be possible to communicate to a target audience with 3D content within

a browser.

When designing any bweser based software tool it is important to target a user base before

any creation process starts. According to Grady;

ACustomers, the wultimate users of syste
acquisition agents, are capable of initially identifying the need for

new or significantly modified system on
(Grady, 2006: 17).
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The artefact needed to communicate effectively and could complement current health
communication. Technically it would be placed inside a web page in much the sarag way
viewing a still image or embedded movie but the artefact would be a real time 3D simulation
with some interactive content.

Once the idea was tested with some early prototypes to give the project feasibility, the next
stage was focusing on a targetru3édne target users were asthma sufferers due to the
software artefact explaining the condition of asthma.

The researcher wanted to test the medium and see how much it could deliver to the target
user in the form of interactivity, audio, colour, lightjraimations, camera control and lens
control. As the users where going to be asthma sufferers they could have already had some
exposure to medical information in the form of Doctors advice, possibly pamphlets,
magazines, internet images and animations.résearcher wanted to encapsulate some of

this data and place it into one communication deVAceording toGrady,

AThrough observation of their current p
of their competitors of adversaries, they can see that of their

compeitions or adversaries, they can see that certain needs are not

then being met by the systems avail abl e

By reviewing the 3D medical and simulation products in the Literature Review the researcher
was able use this information tbape the user content for the artefact. Géreain needs that
where not then being met Bio Digital Humanwas cinematic content of medical ailments to
help better explain the subject.

By user testing the device on the target audience whom may havexXpesed to other

forms of health communication about their condition will help compare the artefact to other

forms of health communication.
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4.2 Content

When designing the medical artefact the content was driven from the research questions. The
feasibility in answering the first question was answered with an early working prototype that

was delivered inside a website.

Medical Browser

Realtime 3D Interactive Browser

i sltlourci'

Fig 30, Artefact Website (2015) medical.mudboxcentral.com

By placing the artefact inside a web browser allowed the product to have capadiiity

through hypertext markup language (HTML). This enables library functionalities to be
designed and built. This is important as it allows the user fast access to a range of common
ailments that can occur in a particular body area. Alphabetitsja@aes can be listed or

straight forward searches inside a search bar, as can be seen in Figure 41 with asthma being
searched for. According to Benyon

AGraphic design and information design
issues of information layout andetlinderstandability and aesthetic

experience of product. Humacomputer interaction has itself evolved

many techniques to ensure that design are pdoplec used . 0 ( Benyon,
2012: 20).

The content design for the original artefact was achieved by compaatisi@gt various

communication tasks into a check list. The task list was to perform animations, audio,
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lighting, camera control, interactivity, lens control and an important task was to see if the

games engine working inside a web browser could contamgénmesh data to symbolise a

digital human body.

Once the tasks proved to be working the focus moved to the second question. Can a system

be built that could communicate effectively to a target audience. For the focus of this study
asthma sufferers were @ten. The researcher started by gathering authoritative information

on the condition of asthma from websites liked r | d Heal t h(WIDD, gd)ni z at i
and the ONational Health Serviced (NHS, n.d.
informationon the subject. Pamphlets were also picked up from the doctors surgery and the
researchediscussed the subject on open forums such as (Heath Unlocked, n.d). The

researcher also discussed the idea of the medical artefact with asthma sufferers such as work
colleague Martin Bowman, who was a letegm sufferer of asthma, his views were as

follows;

AAn interactive tutorial would be a fan
sufferers, especially children who have a hard time learning how to

use an i nhgdgBowman, 2043 r ect | yo.

Once all this information was gathered, the process of creation on the main artefact was
started. The method was to keep the focus on the directestloha sufferers, their family

members and other napecialist users.

4.3 Functionality

Software interactivity can be exponentially expanded on, the aim of this study was to prove
functionality such as free rotational camera movement, and point and click on three
dimensional models and images could work to deliver content through a web brdveser. T

aim was to get the overall simulation to a stage that could communicate effectively to asthma
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Sufferers The graphics needed to be coherent enough to allow medical professionals to
validate its content as this would help answer the research questions.

As the target user group were going to be-spacialists the user experience of the artefact
was to be made simple and interactivity a click and play scenario, with areas of interactivity
to add more information on selected targeted areas. The approath a@w the user to go

in two directions at the start of the simulation via two button options. One direction would
give the user free rotational camera movement around an organ with added interactivity by
selecting a range of organs around the traehneathe trachea itself. Once an organ is

selected a 3D cinematic accompanied by audio and animations would proceed to help explain
the visual content. The other option would be more of a cinematic lead approach explaining
the condition of asthma. The ideas to break the simulation into small sections allowing the
user to repeat, skip to the start or go onto the next section. In areas there would be imagery
for the user to click on and find out more about a particular image or organ allowing the user
moreinformation about their selection with further audio, imagery, text or all of this

displayed in a cinematic.

The use of colour and texture detail for the artefact had been chosen on the basis of
optimisation allowing for fast upload times. The photogrenojection of a real human

head was captured from photogrammetry data thg@najected onto a digital human head as

can be seen in Figure 42.

Figure 31, Neil Gallagher (2013) Digital human head
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The texture detail in the digital face model needed torcanicate a visual representation of
a digital human head. The reason is down to people mainly fixating on the face rather than
the body. According to Judd,

AThese objects reflect both a notion of
and what objects are in ourtdaet. By analyzing images with faces
we noticed that vi ewtak2009#))i xate on faces

Radius of ROI

Fig 32.Regions of Interest facedudd, et al. (2009) people.csail.mit.edu

The rest of the digital human body and the internal workings had fatrsadriven from

vertex paint which had a digital value of red, green and blue. This helped with the
optimisation of the prototype; keeping the overall memory size to less than ten megabytes
was of paramount importance for quick load times, (this is dggxliin more detail in chapter

5.0 Realisation, section of this study).

4.4 Delivery Platform

To find the best delivery platform for the artefact the researcher reviewed games engines that
delivered content inside a web browser, there is more detdiiotopic in chapter 5.0

Realization. Currently there are compatibility issues between the web browsers as to which
direction to go to allow for 3D & 2D content to work through a web browser. According to

Unity Engineer, Jonas Echterhoff who gave akegnots peech at the &6Unite

conference (Unite Europe, 2015), he talks about the security issues of allowing arbitrary
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browsers connecting to arbitrary functions on a computer. He goes onto talk about the

roadmap for the future and that browser \@sdeed to work together to help improve web

browser technology and performance.

WebGL is a JavaScript application programming interface that allows 3D and 2D graphics to
appear through a web browser without requiring any plu@gitejsi, 2014: 1). Cuently,

Google, Mozilla, and Opera all support Web Graphics Library (WebGL) to allow for 3D and

2D content. Microsoft have their own system called Silverlight, which is their own in house
proprietary solution for 3D and 2D. According to the Microsoft websit A Si | ver | i ght
powerful development tool for creating engaging, interactive user experiences for Web and
mobil e applicationso (Microsoft Silverlight,
A games engine called Unity allowed the export of a game to a Web browser via a tool called
6Unity Web Playerd (Unity Web Player , n.d).
option to get content working inside all the web browsers. There was a limitation to Unity

Web Player as the user had to install a three Megabyte plugin, simitar @y flash

install s. In a talk by Ralph Hauwert at the
talks about Unity Web Player currently having 350 million installs around the world and that
number is growing (WebGL Deployment Unity 2014). Once thigiplis installed any

further simulations or games using the software will atomically work in a web browser.
According to the Unity website the Unity Web Player works on Internet Explorer, Firefox,
Chrome, Safari, Opera (Unity Web Player n.d.). Atttivee of writing, the researcher tested

the web browsers with an early working prototype and it proved to work across all the

browsers stated by the Unity website. The hardware worked on PC, Laptops, Apple

Computer and Tabl et oO0Surface Proo.
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4.5 Chapter Summary

This chapter set out to explain the Identification of Statement of Requirements. The

researcher felt that due to technical advances in web browser technology it would be possible

to deliver a medical health information tool. The target user was idendigsi@orspecialists,

in the case of this study asthma sufferers was chosen. The final delivery of the artefact for

this study will work through a browser rather than downloading and installing any software
products; which is theiwagdoBhdusd8dD4dMedi cal b
already discussed in the Literature Review.

There would also be user testing on the artefact to see if it could communicate to a target
audience, in this case asthma Sufferers and in a separate study Medical profesgiomals

form of a Trained Nurse and a Medical Doctor helped validated the artefacts accuracy.
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5.0 Realization

This chapter explores the choices in technology to create the 3D web browser artefact. There

is a brief overview of how it was constructed artiszussion of the advantages and

limitations of the technology. There is also a brief overview of HTML5 and how it affects the
future of 3D Web browser technology. Then an explanation of how new areas of technology

in film and TV are expanding research ateelopment of real time technologies with new

and available software. It explains how learning the basics of programming have helped get

this project developed. Forums proved to be a benefit particularly with technology that has
anomalies due to legacgsues or bugs that are not explained in a help file or bioalks

about good forum practice to achieve answers to problems that otherwise would have been an
unachievable blockage to bypass.

There is an overview of the choices made with regard to #phigr user interface design. It

mentions some of the limitations to the 3D visual design working with web browser

technology and how it will improve in time. Getting the balance to the information and

navigation design and the choices made.

The hardware,sf t war e and platform possibilities ha
engined6 and 6Unity Web Playeré is still the
solution becomes available.

Also described towards the end of this section is the 3D modssam process, using a

technique callegphotogrammetry. The final section talks about further developofehe

artefact.
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5.1 Why Asthma was Chosen for the Artefact.

There were a number of reasons why ¢he resea
prototype focusedoas t hma. The Literature Review talked
member havingsthma. Another reason to create a medical information tool for the public is

for the social good itcan brinf.or exampl e, A T hsdroneastwamée 1, 167
UK in 2011, 18 of these were children aged 14 and uadéran estimated 75% of hospital

admissions for asthma are avoidable and as many as 90% of the deaths from asthma are
preventabl ed (Ast hma adthfa relad dibaths inth§ WKicauldme ans 1
have been prevented. Acdarg to Crowley;

fAsthma is the second most common respiratory cause over all ages
A n dChilhood asthma is the most common chronic illness, and
overall in childhood, accounts for more admissions timgnogher

single conditordo ( Chri st opB083). & Crowl ey,

The researcher felt that due to technical advances in web browser technology it may now
be possible to communicate with a target audience of asthma sufferers. A prototype was
built and then testkon asthma sufferers and medical professionals to explore if the

concept of a health information tool could be created, and placed into web browser.

5.2 Reviewing Delivery Technology

Working with technology that has been produced for console devel@n¢he

vendorés main priority, regul ar updates can
redundant in favor of new working method#is resulted in the researcher having to

download third party plugins to help patch a variety of issues while expemmgevith

different games engines.

The Unreal Development Kit (UDK) by Epic Studios, showcased a game demonstration

t hat was running t hr oud2012)ausingfash téechnologys er O Epi ¢
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The website stated it was going to release some welesitgdopment tools but since then

the engine has been in the process of putting emphasis on Unreal 4 and slowly lose
support for the older enginehTeE p6i ¢  COwelbsidedsénlcdanstant flux with each

monthly update from a working prototype to dead hiypler Epic Citadel (2012)The

Unreal engine deliverables for web browser delivery is in development according to their
website, and an active community forum which is currently debating web vendors
(Chrome, Firefox and Internet Explorer) are updating tieehnologywhich is having

harmful effects on web browser development tools. This is mentioned in Chapter 4.4
Delivery Platform, Unity Engineer Jonas Echterhoff talks about web browser vendors
being in communication to work out solutions for future depslent (Echterhoff ,

2015).

Figure 44 below shows the results of an earlier prototype made with the Unreal Engine
which was made to experiment with their web browser solution and to see how the
materials are optimised for online creation. It became evidghe researcher that the

Unreal monthly updates added new bugs that broke the interactivity in the game build
disrupting the researcher from his goals. The Web browser support from Epic was never
fully supported dur i ng runiséeyradmitedaapatimgr 6 s st ud
development concentration into other areas of the engine. In the games industry the way
to bypass update bugs is by having an update lockdown in which the studio decides to no
longer update software until a software produceisased. The researcher wanted to do

this as soon as Unreal released a stable working web browser export but they never did
this with the Unreal Engine 3. This meant ea

games engines had to be explored.
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Fig.33 Gallagher,N. (2013 ar |y prototype of the resete

In figure 44 it shows the results of what was being produced early on in development. It
shows a range of digital surfaces or materials that were customised in the Unreal Engin

3 (UE3). The engine allows for lots of customisable material creations to be produced, it

is a sophisticated software product and it was unfortunate the research had to disband this
engine. To help explain what the materials are doing, (A) the darkwaass skin shader

that went opaque the closer the camera was to the surface until it became invisible. This
saves an artist having to put in lots of animated calculations, it takes some research and
development to set up the effect to be produced autaatigtiout if the camera

constantly moves in and out of the human body it was worth the development time. (B),
the shader was being explored to look likean ¥y using an effect call
was going to be applied to the bones in combination wWith(C) was set up to test the
appearance of bone structures, again it was controlled with the camera but keeping
around 10% of its opacity over the organs to help give the user an indication of where

they were in virtual 3D space.
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@ Unvesi Development Kit Editor Preview (64-bit DX9)

Fig. 34 Gallagher, N(2013) Screen shot an early prototype.

In Figure 34, the researcher had point and click functionality on organs that triggered a

flip-up chart that could tell the user more about the body part selected. These panels

could be moved around with the mous@rder to gain a better view of the body. The

development tools and material creation by Epic games allow for very quick prototyping

but without a stable release and ongoing support of a web browser exporter it would not

have allowed for the researchegtions to be answered so development on the Unreal

engine was stopped.

The researcher explored various games engines before making any choices on a final

devel opment path. The O6Cry Engined, O6Havok V
allversatlegames engines. OHavoké6é suited physics,
cross platform engine, good for game desi gn
graphics fidelity with good lighting. The problem with these engines was the online help

guide wa very limited and much of the time incorrect or had defunct information. These

engines might be good for their own in house company development with technical team
support. For the researcher, unless they put more emphasis on online documentation or video
tutorial content the learning curve proved to be very hard, the communication response from

the companies when the researcher emailed was that the online help documentation was in
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development and will be updated in time. These engines also promisedomsiebsupport
in future developments or in totally new versions of their engines but at the time of writing
this study there was not any web browser support so the researcher carried on in search of a

new Engine.

5.2.1 Choice of Games Engine, Unity

IntheLi t er ature Review the researcher reviewed
testing some simulation and games, see Chapt
for further detalils.

The results of the simulation and garpesved to be workingvith a good frame rate and

reasonable quality graphics. The games that were working inside a web browser contained
animation, interactivity, audio and lighting, which were all features that were needed for the
researcher 6s aHauedtatche d&AUriotrai 2@14 oWeb GL Con
had been 350 million installs around the world ofthmaty Web Playeand that number was

growing (Ralph Hauwert 2014). When a user comes acrossnibeWeb Player while

browsing on the internet, they are presenwith a one off install of a three megabyte plugin

that installs with a simple click and install option, it is the same process as flash and Java.

The researcher reviewed the cost of the Unity Engine, a professional license was

available at $1500 which\ges access to extra graphical features such as Shadows,

Customizable Splash ScreemsPProcess Effects. There is a cost free install option that

does not have these options but these features work best as a standalone executable game

f or P Co0 snsaemirket. Mhe reason is due to the user being able to adjust the

resolution and other graphic options to suit their hardware platform or a developer can

preset them for the console market to get the best performance for a particular hardware

platform,Ni nt endo, Sony, Xbox. As these features
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Pl ayer 6 it di d gsdiral adefatt sodhe free bpéon was a goadrmatbhe r

for the requirements of the project.

5.1.2 Unity, Learning Resources

The downloadnd install process of the Unity engine is a process of downloading an

executable from the Unity website and going through the install process. A login is required

and once logged in it opens an empty scene ready for importing content from a third party 3D
modelling software such as Maya or 3DSmax.

In order to get started with creating content for the Unity Games Engine lots of learning

resources had to be reviewed in the form of websites, books and forums. The first option was

to read someXbGaks, DéWeal ot ym&8nt Essential sbé a
Devel opment in 24 Hoursdé both provided the r
software devel opment tool s. oUnity 3. X Game
starting in the Unity engine. Thathor is Will Goldstone who works for Unity Technologies

as a technical support. The book is aimed at teaching the Unity with no prior knowledge of

the software being needed. It also taught two programming languages, C# and JavaScript
withastepbystepappr oach. The second book, 6Unity Ga
created by Mike Geig, who works for Unity as a trainer and his focus is software engineering.

The book was geared towards the creation of a single game broken down in a series of

tutorials that were made to take around one hour each.

Once the researcher went through the exercises in both books many of the lessons were

reversed engineered to be used in a simulation scenario rather than a game approach to enable
the creation of the artefadks an example, object selection in the artefact was made with Ray

Fire, which is a common software approach in a game for setting up a gun in games like first

person shooters. It works by firing a ray or beam from the center of the camera view point
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ontowhere the mouse cursor is aimed and hitting a virtual collision box which a developer
attaches to a character, vehicle, object or button. If the Ray Fire does not collide with

anything then nothing happens. It was this process that was used for tha ehser

section of the simulation. The researcher attached collusion boxes to the organs around the
Trachea and when triggered a cinematic accompanied with audio. There where issues such as
3D audio going up and down in volume as the camera moved tooandhe source in 3D

space. When the researcher came across these kinds of issues and could not find a solution a
useful resource to go was on community forums and find out how to create flat audio for
example which proved to be scripting the audio tam@nnouncement audio file.

Unity Games Engine is similar to Unreal in the fact that the software tends be updated every
month or two and both books missed the Unity 4.0 release. This meant lots of functionality
was defunct, missing in Unity menus or thpelate created legacy issues. The researcher

decided to stay with version Unity 3.5.7 which was the most recent update before changing to
Unity 4.0 and through the duration of the research the researcher locked down the software
which is a common practica the games industry and an update will only take place once a
game is released, then retaining the work force can take place. In the case of this study the
software was locked down until the artefact was submitted. This has allowed the researcher to
review some update practices to be implemented for future development of the artefact. This
is covered in Chapter 5.12 OFurther Developn
Once the essentials are covered through bookis,é r net tutori als such as:s
(2015) proved to be an infmiative resource for specific development details such as

optimising the skinning on rigging inside a 3D software package such as Maya. By learning
and building up development shortcuts such as rigging and animation (as it becomes
automatically optimised um exporting to a game engine) can save developers a lot of

development time as a games artist can bypass processes rather than laboring over them. It is
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good practice to test pipelines with games engine updates, as many of them are not updated
onthecompnydés online help file and wil/ remai n
artist can build up this knowledge rather than performing one pipeline aspect at a time only to
realise the work has been stripped through the export process. This is wmpibiigant to

share knowledge with the online community through forums and websites as it benefits all
developers.

Unity have their own active community forum. If an answer to a problem was not obtained
from the companyds own a$Rolyoount (20tbkand Gamdist st f or
(2015) proved to be a useful resource to problems sughi@stion, camera movement,

polygon counts, optimisation and other best working practices. Answers are normally

responded to by industry professionals who maseteateam working on the same issues as

an independent developer.

Early tests of the artefact proved to run at a high frame rate of around one hundred frames per
second (FPS) ontheresearéeer | apt op which is a high end | a
a ddi tOL3olmadyderzo test the artefact could run on a reasonably average laptop £350

laptop (10/01/14) two where hired from a loan store at the University of Hertfordshire and

around thirty to forty FPS was achived and it never dropped below thirty FPS. Tiie Un

website has a detailed web player hardware statistics page should a user want detailed
information on a particular hardware compone
hardware statisticsod (Unity Har dvweamtandSt at i st
tested the Unity engine to prove the pipeline could perform the research questions it gave the

researcher confidence that the Unity Engine was an appropriate choice of development tool.
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5.2.2 Key Factors,Unity Web Player

A key factor in answerinthe research question, the choice of the games engine had to be
able to produce a 3D medical visualisation system that works through a web browser. The
Unity Games Engine has an export function called Unity Web Player. According to their
website WablPhayerlknablésyou toview 3D content created with Unity directly in
a browser and autoupdates as necessary. o6 (Un
Unity Web Player development tool allows for communication across all common web
browsersin order to get the artefact rungina website needed to be created. A subdomain of
a forum the researcher currently runs was created and this allowed for live web support from
Host Gator when bugs or issues happened.

One of the limitations with using web browser technology is that degedare outside the
parameters of the Unity engine, which means there is not any debugging software. When a
developer finds bugs and legacy issues there are not many avenues for help, outside of
contacting the developer and using internet forums. Iidibés not resolve an issue then the
user has to roll back the script and try a different method, possibly a patch or a plugin, which
can either resolve the issues or compound a problem. It was good working practice to back up
regularly and also compile codegularly. This process would allow the researcher to obtain

a better guesstimate of where an issue might arise from and roll back if needed.

In the games industry software such as Alienbrain Asset Management (2014) and Shotgun
Software (2014) are bothrgruction tracking software. It works by a team member, designer,
programmer, artist, musician has a working feature they can check it into the overall game, it
can then be rolled back to a working example should anything break or cause a bug to the
softwae. As the researcher was not working in a team it was possible to use Google Drive

(2012) as it has a history revision.
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5.2.3 Cross-Browser Support for 3D

Currently the process for 3D Web Technology is complicated, ardsego 3D web browser
creation

it 6s the sort of thing that comes with
development territoryCrossbrowser support has always been
notoriously difficulto (Parisi, 2014: 1

To help give a brief overview of how the website and Unity \Wklyer was created and

exported here is a brief explanation of the process. The researcher started by creating some
content in Unity to be able to test the export to web browser pipeline.

For the export pr WMekeRagepd ufgii ne mMHamed oYnithye f
insidea website domain, it contains some OMonoM
some call functions and they are manually scripted using JavaScript inside the browser. To

help with the set up process there is a twelve page Web Player Deployment damuthent

Unity website (Unity Documentation 2014). Posting on community forums can help

independent developers with this process as there can be lots of blockages due to unforeseen
issues such as legacy issues, bugs in the software or simple debug irstah@ssa adding

some simple code | i ke O6Configur aagadada Manager
flagged section of <code. Reading on forums a
it is to be used with caution and this was created du¢toani t at i on of the res
abilities. In games development it is best to work in a team with specialised skill, as a good
programmer can compact code to run more efficiently and allow for faster loads. At the time

of writing this study, JavaScript h&ol be used to obtain a reference to a Unity Web Player

export inside a hosted website. This was one of the reasons why an application had to be

used to launckynity WebPlayer in a web browser. Once it was installed a user could access

any website usingnity Web Player to run games and simulations.
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Modern day console games tend not to have load screens due to seamless content loading in
real time in the game. This is produced by 0
artefact to help speed up tbeline version. It was achieved by creating four clones of the
digital human, known as 6Object Instantiateo
impact on memory but with the advantage of being able to apply a different material

customisation. As theamera changes location it cuts out the other digital models from
memory. This is known as OcullingMasko6. Befo
loads up ready for the camera. This had to be produced as Unity could not support material
change and transparent materials cause visual anomalies so unique models with unique

materials had to be created. It was good practice to go to the Unity Web Documentation for

this and many more issues in the creation of a simulation artefact as every gaméangi

unique ways of doing similar operations (Unity Shader Lab: Culling & Depth Testing 2015).

Due to the complexity of games development there are areas of development where the
researcher was stretched in development skill due to working independdémigiyvas a

conscious choice as the researcher wanted to develop their technical abilities and expand new
range of skills and abilities. As regards to

Ameani ngf ul |l earning, interesting | earn
individual has the drive to learthat state which motivates the

individual to get to the bottom of what is happening in a situdtion

the state of discovery, enlightenment a
2010: 910).

It is possible that more refinement of pipeline efficiencies could haveilvgdemented but
this is true of most software development projects and why regular updates are released, such

internet explorer being at version 11 at the time of writing.
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5.3 HTML 5 The Future for 3D Web

Hypertext Markup Language is currently in itgHidlevelopment cycle and which is given the
name HTMLS5. It is currently in development by the World Wide Web Consortium (W3) and
isoverseenbg Si r Ti -ne Béinventor af the internéW3, 2014) WhatHypertext
Markup Languagellows is web browers to read HTML so users of the internet can view

and search for content in a web browser due to the nature of its construction. HTMLS5 allows
for many new features. This chapter will focus on why it is important in relation to the
resear chegHIBILS5 allows ¢of 3D cdnterd to work in a web browser without the
need for any plugins. According to Parisi

AWith HTML5, the web browser has become a
running sophisticated applications that rival native code in features and

performane. HTML5 represents a massive overhaul to the HTML

standard, including syntax cleanups, new JavaScript language features

and application programming interfaces (APIs), mobile capabilities, and
breakthrough muParsii20kdl) a supporto (

The lateswersion of HTMLS5 is made up of three types of scripting languages known as

O6Web Graphics Libraryd (WebGL), 6Cascading S
El e m@ariti,014:1) O6Web GLO i s now standard on most
Microsoft Interné Explorer which has their own solution for developers to create 3D called
(Silverlight 2013). On the Microsoft website it mentions Internet Explbtewill allow

WebGL to work on their browser (Microsoft We
Sheetdangua@ allows for hardwaraccelerated 3D & 2D rendering, that will allow for 2D

flexible grid layouts that can layer up over each other and for 3D content it allows for

graphical improvements such as shadows and 3D transformations which is useful for

animaton 6 The Canvas Elementdé is JavaScript tha
the o0Document Object Model &6 (DOM) by interac

between points in space and allowing for animation content to be vi@aeadi, 2014: 1)
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HTML5 is an exciting direction for web browser technology as it will work on a range of
hardware products

A 3D pr oharéwsarsis nawgshipped in every computer and
mobile device, with the consumer smartphone of today possessing
more graphics power thdhe professional workstation of 15 years
ago. More importantly, the software required to render 3D is now not
only universally accessible, it
(Parisi, 2014: 1)

al so

(@)
(7]

This will mean when the researcteartefact does wotkirough native HTMLS5 the
artefact will work globally to a much wider audience

AWorl dwi de, we see a number of health i
indirectly related to communication. Global issues such as the lack of

access to adequate Healthcare, wavepy, hunger, environmental

justice, and lack of education about health issues continue to pose

problems for people around the world. Unfortunately, many of these

issues have had the greatest impact in undeveloped countries and

among the underserved poatibns. In Africa, for example, over

nearly 25 million peopl e Waigheet | i vi ng wi t
al, 2007:5)

By having a Web Browser experience on various devices including mobile phone platforms
will open the outr eatolamacblargeniediresearicham 0wh a
Web Pl ayerdé can offer. This will allow the p
communication for everyone that has accesses to a web browser and most current devices of

today.

5.4 Accessible and Availablelechnology

Creating a 3D games engine from scratch is a very extensive and costly process. When
the researcher worked for Microsoft and Nintendo there where teams of programmers and
designers that worked globally across different studios in order te @eeew games

engine. With each generation of games console development the process of creating a
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new engine would start again. The engines were custom built to best suit the needs of a

games market area. It is still an ongoing tradition for many devslopegay with many
oftheinhous@pr opri etary engines tailoring their gs
needs.

The solution to bypass the issue creating a games engine is to download one. For example the
Unreal Development Kit (UDK) game engindiise. The professional addition is $99 for

commercial license and then the developer is required to pay a royalty fee of 25% once

$50,000 of capital has been made. This is obviously an attractive offer for small independent
developers. The Unity Engine,wlc h was wused to create the res
free for education and has a fee of $75 per month for a professional license if the project was

to become commercial.

For the creation of this artefact the researcher will stay with the Umtggangine.

When a games engine is released with a functioning export that makes use of a HTML5

to a web browser the researcher will evaluate the new tools.

5.5 Advances in Current Real Time Rendering in Games

Realttime rendering has improved dramatigail recent years. According to Moller

Aln the past few years advances in grap
explosion of research in the fieldiofnt er act i ve computer gr afrg
(T.A.Moller, 2014: 2)

As hardware becomes more powerful, polygon limits hiese: in the amount a
processor can compute per frame. Traditionally a rate of twistyrames per second
(FPS) is the standard but that is now being pushed-6048PS) on the current
generation of consoles (Xbox One and Sony PlayStation Four) &A@ drcan reach
80FPS at 4K4K = 4096 x 2160 pixels) on many modern ganRegygon limits are the

amount of computerised flat cards a computer has to draw to make an object. The higher
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the number, the less blocky the object and more importantly therefored its

silhouette can become.

Playstaion 1 Playstaion 2 Playstaion 3 Playstaion 4

EAVWRAIN

2005 2010

Fig. 35,SonyPlayStation 4 Reveal, New York Showd@2€4.3) uk.playstation.com

With the release of each new console there is a rapid rise in polycount (the number above
the characters heads in figure 35 markslmaber of polygons used to make each

model). Compared to the rest of the characters in figure 35, the polycount on the
PlayStation four manages extra details such as crumpled clothing and the addition of
transparent lengths of polygonal hair, which alpeeadd interesting silhouettes and

detail to the character.

An issue with real time rendering (RTR) is maintaining a stable frame rate. It would be
detrimental to make a medical web browser artefact that had high polygon definition
graphics and as a resthe simulation only rendering at five FPS and taking forty

seconds to |l oad a simulation. I n the i ndustr
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IS ameasurement that games companies currently measure in millisebtS)dsnd

anything under 40mger frame needs adjustment to make it fasgé@mes engine

devel opment kits come with a FPS counter but
as it is more accurate to get an average as it can show where exactly there might be any
problems.

Last geneation consoles - 1000ms/sec / 25FPS46.0.. ms per frame

Current generation consoles1000ms/sec / 60FPSE6.666.. ms per frame

With PC software products it is hard to tailor a product to suit the need for the vast range
hardware and thisiswhydeeep er s add a AGraphics Menuo i nsi
to suit the need of its end user. Currently this is not possible with Unity Web Player as the
graphics output is set upon the export from Unity, version 3.5.1. With each upgrade of

Unity better graplas settings becomes available for the developer.

Many real time features that mimic rendering are starting to appear in games engines

such as O0GI obal l 'l umi nationd which is const
engine Unreal 4 (UE4 globaluimination 2015). As computers get better hardware

components, real time rendering will only become better, especially with regards to the

graphics processor units (GPU) which directly affect real time rendering capabilities. All

this hardwareallows for eal time functions such as post process effects that can be

layered on top of 3D geometry to make the real time image presentation eagladdife

and camera anomali€Bhere are many functions available when applying post process

effects which allow dists and designers to tweak the overall look and feel of a scene.
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Anti-Aliasing > Bloom > Depth of Field >

Lens Flare > Post Process Materials > Blendables >

Scene Fringe > Screen Space Reflection > Vignette >

Fig. 36Unreal Post Process Settin¥15) docs.unrealengine.com

The researcher tried to apply post process effects to the medical artefact in Unity. While
it was possible to appthem it damaged the frame rate on low end PCs to less than 10
FPS due to it absorbing all the processor power on the Web Browser experience. Asking
about it on forums the technicians at Unity said they have allowed the feature on the
professional versionfaJnity for console development but need to do further

optimisations for the online version.

A real time engine called Marmoset, according to their welfsiltda r mos et i s a

standalone redime renderer bundled in a tidy package. Giwered. Phsically

accurateo (Marmoset n.d.).
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Fig. 37 MarmosetArtist Glacuco Longhi(2015) marmoset.co

It is clear from figure 37 thdflarmosetengine can achieve a high clarity digital human
model . The engineds purposefora3daittistis del i ver
portfolio. What it shows is the potential level of clarity a real time engine can produce on

aPC.

Fig. 38La Noire(2012) Fig. 39NBA(2013)

rockstargames.com EASports.com

Real time imaging of human representation in figures 388rghows the progress that
computer games engines (Xbox 360, Nintendo Wii U & Play Station 3) have made up to
the generation of games consoles. It shows how far developers pushed the hardware to
the peak of performance without having to drop in frame rateey show how far virtual

representation of the human form has improved and this is without the use ofleiger
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shader language and high definition resolution that the current generation game consoles

offer.

BAOLONG THANE

'// |

Fig. 40,Bioware Challenge, Mass Etfe(2013) polycont.com

Baolong Zhang is a Lead Character Artist at Supermassive Games Ltd and he produced
the 3D digital character in Figure 40 on a last generation engine, UDK. This engine was
built to serve the (Playstation 3, Wii U and Xbox360) &fee techniques are only

possible with DirectX 11 turned on it is not possible to publish a game with this feature
turned on in (Playstation 3, Wii U and Xbox360) and web browsers. Epic Games studio
released DirectX 11 tools to allow artists to experinagmt see what difference it makes

to their 3D scenes shortly before launching the Unreal 4 engine which will have these
features set on by default. As can be seen, Figure 40 it is an example of what DirectX 11
in UDK allows with features such as aatiasng, which enables single hair strands to be
produced. Vector transforms helps spread out clumps of hair evenly and polygon hair
strands can spread out dependent of the camera angle so it no longer looks like flat
polygon cards. Subsurface scattering matdaor the skin, advanced lighting and soft
shadow fall off with high dynamic range imaging (HDRi). These are just a few of the
techniques Baolong Zhang used to create this image according to his Polycount forum

posts (2013, Zhang)
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As the new generatioof games consoles come out (Playstation 4 & Xbox One) it will

push graphics fidelity to much higher level of clarity.

KILLZONE

,‘f/if) /‘.

Fig. 41Guerrilla Games Studio, Killzon@013) guerrillagames.com

There are a number of reasons why the character in figurealingprovement on the

last generation of games consoles. Michal Valient, who is a Lead Technical at Guerrial
Games Studio, wrote a postmortem technical paper on the games construction for the
Playstation 4 (2013) Guerrial Games, Killzone, Shadow Fall dentjmmeleased on their
website. To summarize the documdrghiggest improvements were down to having

four times the resolution, better calculated materials, a physically correct lighting model,
properly calculated geometry with attenuation factors, atlenmals supported

translucency and Fresnel effects and the lighting is all based on area lights.

To help showcase PlayStation 4 (PS4) capabilities, Quantic Dream were commissioned to

produce a technical demonstration featuring an old man running ona (PS4
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Fig. 42Quantic Dream(2012)quanticdream.com

Quantic Dream was able to produce advanced skin shader technology using skin
translucency, realistic ice materials, volumetric lights, and 3D depth of @elaitic
Dream(2012). The wrinkly face allos/for small details captured in high resoluti@i,
highlights, shadows and bumps that have been created in a 3D sculpting package such as
ZBrush by Pixologic. There is subtle subsurface scattering in the skin on the frown line,
and neck and ear, best semn the figure far right.

The current generation of games consoles dictate the features that are available in games
engines due to the supply and demand for its vendors, who are traditionally games studios
and independent games developers. The technthegyfilters down into mobile, tablet

and web browser technologies. To push real time content in new directions such as
simulations, architectural visualization and automotive then independent developers (also
k n o wmoadsd ezandap nto thesehighrs k ar eas, as cooperati onf¢
interest in an area until there is a safe established mAdairding toKucklich;

AWi thout the creativity ofresseddder s, dev
to come up with new ideas, and it would prove hard to impkme
these ideas in the higisk gaming market were it not for the huge
it enatr ket 0 the moddiog ¢BEmmkhith pOOGI dEi

If the market for real time technology was to expand into other market areas such as

simulation, virtual reality, arctectural visualisation and particularly film and television
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industries, then that would have an effect on the research and development of real time
games engine technology. The next chapter looks into new market areas directly relating

to real time technoly.

5.5.1 Real Time Rendering Development in the Filnand TV
Industry

New technologies that have recently come onto the market are real time rendering

software, Dgimania(Digimania 2015) and Autodesk Stingray (Stingray 20Cajlum

Welsh said in hismaail (see chaptet . 5 redl )ime i@raphics technology may even

replace rendering medical animations altoget
products are the ones to replace rendering. To expand on this pgintabia is using

Epic's UnreaEngine to render data in real time straight from data sent from 3D

modelling packages such as Maya or Max at 4K oyfpigimania 2014).

Fig.43 RenderDigimania Promo Nov 2018iggraph Asia (2015) digimania.com

As can be seen in figure 43 the auttpas been produced to a high quality. While it will
be missing some features that are only achievable to a high degree of clarity with
rasterized rendering such as true-taging, global illumination and refraction, there are

many projects that mightig faster output compared to the cost and time of rendering.
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Another real time render is Stingray, which is made by Autodesk who make 3ds Max,
Maya, and Maya LT software so it is integrated inside those products as they are the main
3D packages uses ihd film and Games industries by 3D Artists. According to Autodesk
Stingray (2015) website

fiwWhet her youbére a developer creating 3D
professional creating retime visualizations, the Stingray engine
helps you produce visually stunning 8RperienceqStingray 2015).

To help explain the | ength of rendering comp
company that has lots of experience in this area due to every frame in their films being
purely rasterized rendered computer graphic imaesording to Terdiman;

AOne of the keys to Pixar's ability to
powerful render farm located in its main headquarters building here.

This is serious cGans2ubt iintg rpeoqueirr,e da nadn o n
average of 11.5 hourstorend each frameo. (Terdi man, |

That means per second of footage@ars 2at the cinema, which is classed at 24P

meaning 24 FPS it would have taken 276 hours. As Cars 2 is two hours long the

calculation for the average render time for the film ifodews.

24P X 11.5 hours = (276 hours)/ 276 hours X 120 minutes = (33120 hours)/ 33120 hours
converted into days = (1380 days)/ 1380 days into years = (3.7 years)

If Pixar where able to render in real time it would obviously cut production time down
dramatically. At t he GPU Technol ogy Conference Pixar
Gelder Gavea gave a key note speech about a real time proprietary animation system.

Pixar have called the real time engine Presto which started development in the Pixar film

Braveand was used in development in Monsters University (Pixar Presto Demonstration

2014).
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Figure 44 GPU Technology Conference (2015) gputechconf.com

Pi xarsodos real time Presto engine has similar
CGl rasterization rendering. The Presto engine has the same ethos to real time imagery,

which is a 3D image made from purely 3D graphics.

For the visual effects industry, it has a different set of problems; films tend to have live action
filmmaking with computegenerated 3D models blending into the footage. To completely

replace every element that makes up film footage is a much harder process to mimic, as all of

the footage has to look as close to reality as possible. However there is a visual effects short
film called 6Constructdd, it is an example of
effects film. It was rendered entirely on GPUs and was made for a tech demo at Nvidia's

GTC conference. According to Mufson

AThe resul ts c aydracing ierea time, alloveng fot v of r a
the kinds of creative decision making that had, until now, only been

possible with rasterization or | ive act
combo that could open digital storytelling up for both independent
flmmakersand t udi o s, ali ke. 0 B. Muf son (201E¢
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Fig 45, Construct (2015) constructfilm.cormr

The Director ofConstruct is Kevin Margo and he is the VFX/CG Supervis&luat Studio

and this company work on Hollywood Films, TV commercials and Game Cinematics.
Conpanies like Blur Studios have an understanding of games and film rendering disciplines,
their portfolio ranges from game trailers to film and television.

Another person who works in film and games as a motion capture artist is Andy Serkis. He
also founded T h e | ma gfudio and aceordifg to Andy Serkis

"There was probably a time when people in the games industry

wanted to emulate films, but now it's very much the other way around:

the technology is driven by video games. So, for instance, virtual

production, previs, many of the tools we use in the film industry have

come out of the games industryo (Steve

Andy Serkis mentions virtual production which allows film directors to have access to real
time games engine tools to help visuattseir previsualisation to large visual effects teams.

It is this collaboration of technology between the film and games industries merging that will
allow for better tools in both disciplines.

In a key note speech at BAFTA in London, Kim Libreri, chexftinology strategy officer at
Lucus Films, Bell said,;

93



AOver the next decade video game engine

making, with the two disciplines combining to eliminate the movie
postpr oducti on processo (Bel |l 2013) .

Now the film industry have realntie technology as part of their pipeline it will drive vendors

and independent developers to produce more research and development software tools. This
will allow development to happen outside of the current supply and demand that comes with
the current cosole development. These products are new to the market sDafiraania
(Digimania 2015) and Autodesk Stingray (Stingray 2015), and have only come onto the

market at the end of summer 2015.

5.6 Scripting in C # and JavaScript

Due to the researcher corgifrom a 3D Artist background there was an appreciation of the
benefits to scripting in 06Mel and Pythono,
modeling package commonly used in the games and film industry.

The job of a technical artist in the gasrand film industries is primarily to speed up

production by solving problems and creating new development tools. Their knowledge of
console hardware architecture would help them communicate the future direction of a
software artefact and act as a bridgéneen thartistsandprogrammers. They would

anticipate the future direction of a software product and produce software tools and plugins to
speed up production workflows and pipelines (Skillset Technical Artist 2015).

For this study there was an oppaority for lots of new technical software learning in order to
create the artefact and gain a better understanding of the role of a technical artist.

A large part of the research in the creation of the artefact was to learn the basics of (C#) and
JavaScriptvhich are both programming languages. These programmes were learnt for two

reasons. C# enabled the control of 3D graphics and the user interface (GUI) inside Unity, it
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enabled the games engine to give and receive commands and drive content in th@simulati

to become interactive. JavaScript helped with the creation of the Web Browser in order to set

up and embed the Unity Web Player executable which was loaded on the website. Unity also
allows for JavaScipt to power the 2D elements.

By learning the basiasf (C#) andJavaScipt it allowed the researcher to understand the basic
functions and notice when command prompts, parameters and functions came up with errors

and was able to debug the issues with the limited knowledge picked up from books and

tutorials.

The process of learning (C#) was mainly reading tutorials in two books in particular,
6Javascript for Dummies6é and 6C# for Dummi es
Tutors videos, posting on forums and looking through threads with the same T¢mues.

O0Hel p6 menu in the Unity games engine hyper/l
Unity Scripting Reference6 which was kept wup
Unity Web Player which needed updating.

When the researcher started programming ttegaat, a basic outline of a script would be

written. Then the researcher custeaai various components until the functionality give

the required results. Towards the end of the project the researcher had a data bank of

useful code formed into small bunshef script. By giving it a title it could be searched

for and copied and pasted into areas that needed the same or similar function. When

errors happened the researcher would try to fix the issue and if it could not be resolved it

would be flagged and camented out and the researcher would come back to it later after

some further research.

To fix many of the errors in the code it was useful to compare and contrast the script to

old lines of code, this process fixed many of the bugs. Normally there waskator

comma in the wrong place or an incorrect comment like a variable with the wrong
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calculation. Formulating good working practice was important, for example testing the

code regularly rather than adding too many script components at a time anewimgn h

to debug more than one problem at a time.

When the researcher worked for Microsoft Games Studio (Rare) the programmers used a
programme called O6Visual Studi o Ultimated (M
their C++ programming code into tidy pages and would be managed across the team

by the lead programmer who could configure the overall game engine. The development
tools for 6Visual Studio Ultimated cost A13,
based solution to help with the manyigts that were becoming unmanageable to debug,

which was due to searching through a tall vertical page of script to iron out problems. The
solution to the problem was a(Figwef6l.var e packa
below). Alex Chouls and Erin Kofr med &éHut ong gamesd and wer e
solution for Unity to help artists keep control of scripts in a manageable way. Playmaker

is a visual scripting tool that allows users to write custom actions within a node and plug

them into other nodes once tlimction has finished. Figure 61.0 below is a screenshot of

part of the flow chart. Each node contains script function that drives the medical

simulation.
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Bt playMaker

visual scripting for unity

i‘-g-. 46, Gallagher. N, Hutong Games AP

Each node in figure 46 could containiptcommands. Once the node is selected through

a command prompt such as a mouse click it would pull up call functions such as play and
stop audio, move the camera, trigger events such as making materials go from solid to
opaque. The researcher would wyntake all of the visual and audio user interactions

work seamlessly together before the next sequence started. Before coming across

6Pl aymakerd the script for the GUI was in a
dialog with the buttons caused latsmiscommunication bugs between the user and the
simulation. Being able to place the script into a visual node helped clean up the
interactivity.

The following figure 47, was an example of the code that went into the many Playmaker
nodes. In this partical case the JavaScript can be seen on the right and drives the camera
orbit and selection process. On the left is the (C#) Assembly UnityScript which is ready
for an input. In this case clicking the mouse when this node is activated would trigger a

processalled Raycasting. This allows the user to select polygonal objects by firing a ray
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from the center of the camera to where the mouse is looking and hit a collision object. In
this case it was an invisible 3D object placed in exactly the same placehaghitre
resolution organs around the trachea and the

called into an o6l F Statemento6 and i f it retu

(@)

collider then it commands tcaanordadnk hitSvitheat e me n t

ORaycastédé it would trigger a new node and th

- - A © Inspector | aeal
bly-UnityScript - A \Medical_Assets\selectObj.js - MonoDevelop-Unity o

| Open... || Execution Order... | |

Js
File Edit View Search Project Build Run Version Control Tools Window Help =

B8 @ & @ % \ m & | Debug = gg Target -~ None (Transforno

 Imported Object
lvar target : Transform;
ar distance = 10.0;

SEGI [mMouseOVbit.js x [D GUI_EXample,js % i [ selectObjjs ID raycast_testjs % [ Buttons,js % ‘
= i sol g selectObj» @ Update()

® 54
) 2 |other : PlayMakerFSM:

= 4 3 2r = GameObject.Find("Plane").GetComponent (PlayMakerFSM) ;
SR 2
@ B 5[=;tion Update() {
- if (Input.GetMouseButtonUp (0)) { private var x = 0.0;
B8 E var ray = Camera.main.ScreenPointToRay(Input.mousePosition); private vary = o,o;
& var hit : RaycastHit;

bvar xSpeed = 250.0;
lvar ySpeed = 120.0;

sa!uadmd[jl xoq;ool£|

var yMinLimit = -20;
ar yMaxLimit = 80; |

BRI - | sassey)é

@script

|AddComponentMenu("Camera-Control/Mous

e Orbit"

if (Physics.Raycast (ray, hit, 100)) { )
Debug.DrawLine (ray.origin, hit.point);
Debug.Log (hit.collider.gameObject.tag);

‘unction Start () {

var angles = transform.eulerAngles;
x = angles.y;

y = angles.x;

aUIFNQ JuBLINd0( ]

other.Fsm.Event ("tracheagrp_clicked"):

if (hit.collider.gameObject.tag = Trachea") // Make the rigid body not change
other.Fsm.Event ("trachea_clicked"); rot_ation

if (hit.collider.gameObject.tag T oid gl") if
other.Fsm.Event ("Thiroid gl icked"”);

if (hit.collider.gameObject.tag Esophagus")
other.Fsm.Event ("Esophagus_clicked"); ifunction LateUpdate () {

if (hit.collider.gameObject.tag == "Adam apple") if (target) { e i
other.Fsm.Event ("Adam_apple_clicked"); ')(Speexdt=0¥32p;Ut.GetAXIS( Mouse X")

if (hit.collider.gameObject.tag == "Cartilage") f y -= Input.GetAxis("Mouse Y") *
other.Fsm.Event ("Cartilage_clicked"); ySpeed * 0.02;

gidbody)
rigidbody freezeRotation = true;

3}
if (Input.GetMouseButtonUp (1))
8 Debug.Log ("Pressed right click.");
29 | |if (Input.GetMouseButtonUp(2)) var rotation = Quaternion.Euler(y, x,
30 Debug.Log ("Pressed middle click."); 0);

y = ClampAngle(y, yMinLimit,
yMaxLimit); I

var position = rotation * Vector3(0.0,
0.0, -distance) + target.position;

transform.rotation = rotation;
transform.position = position;

|static function ClampAngle (angle : float,
min : float, max : float) {

if (angle < -360)

angle += 360;

if (angle > 360)

angle -= 360;

return Mathf.Clamp (angle, min, max);

| »

_/ Feedback @O0 A0 0§ ]TaskList |

Asset Labels

] !

Fig. 47, Gallagher. N (2013&)nity Scripting

The artefact was presented in a website and JavaScript was used in its doggttfon.
Web Playeis able tocommunicate with HTML and the commincation works both ways.
When the web page is opened it calls the functions for the Unity Web Player to start.

98



Once the plugin is activated it works across all internet pages that have UnityWeb Player.

Another aspect ofdving the artefact presented in a web browser wagHthisti. can

link text related to the ailment, for example by searching for the words wheezing,

coughing and breathlessness then dasthmadé co
written within the syopsis of the condition can be linked to the search bar, this function

was tested and works on the researcherobds web

5.7 Using Community Forums to get Solutions

Community forums provided a reliable source to solve many blockages. Many software
issuescannot be answered in a book or manual, for example due to a bug or legacy issue.

To help resolve many software issues it was good practice to post problems, questions

and answers on community forums. This enables technical issues to be resolved due to

pele coming together as an online community and resolving software problems. Games
engine technicians are active on community forums, so an answer to a problem can
happen rapidly, especially when posted on a
mutually bendtial to both developer and company, the company gets to fix a bug and

the developer fixes their problem.

In order to get results from the forum the researcher found a few etiquette rules helped.

For example sharing research information with the commanityanswering other

peopl ebs probl ems. Being polite, especially
what may seem like a basic question to a midlevel to expert programmer, as so some
comments in the forum thread can appear to be condescewdiegthese comments

arise beingpolite and posting another updated version of safiygiws the community the

researcher is trying and it can have a positive effect on a forum thread as answers start to

appear. If the researcher had posted the same questiontberaforum then sharing the
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answers is good for the communilfyan answer with a better approach to a script has

been posted then again it is good practice to share and credit with a hyperlink to the
various communities. It can take a long time tolgough forum threads but in software
development when people come together as a community, problems and answers can be
shared rapidly and often much quicker than trying to search for an answer by researching
on ones own.

By performing good forum practicenot only resolved many blockages for the

researcher it is good for the progression of games community, from professional,
hobbyist and independent developer. Many forum threads can stay active for years and it

can resolve problems for other developersyfars to come.

5.8 Graphic User Interface Design

While working in the game industry the researcher had experience of working with

Technical Directors and Games Designers who designed the Graphic User Interface

(GUI) for a game. Their fulltime job was ttesign the GUI in conjunction with the TD

and GUI artists. The overall progress was overseen by the lead artist and lead

programmer and the style and direction of the interface will come from the Art Director.

There will also be input from the audio enggm and if there is 3d content then 3D Artists

and Animations can also get involved.

The researcher used the same process to design the interface and started by thinking

about the end user, ailment sufferers, their families and general non specialists.

According to Galitz AThe goals of interface o
computer easy, productive, and enjoyable. o
account the researcher wanted to move away from the complicated GUI that can come

with games and make the interface design a simple experience.
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SECONDARY CAPACITIES

PRIMARY CAPACITIES

Fig 48, Zane Bien, GUI Artist at Cloud Imperium Gar{@315) zdesign.deviantart.com

Figure 48isanexampledgfane Bi endés work who is a graphic
working on a tramhg game based in space called Star Citizen. Due to the complexity of

the game there is a lot of information for the user to study. To a gamer this is needed to

aid their game play. To a person wanting information about a medical ailment it might be

too muwch information. After the evaluation the researcher can take into consideration any
comments about the design of the artefact and add it to the future development section in

the conclusion.
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Fig. 49, Gallagher. N, (2018Ynity button creatiohn

Figure49 shows the starting point in building gmakitioning the components for the

GUI buttons. It was achived by positioning and anchoring pivots to the camera. It all had
to be mapped out and tested before designing the buttons to make sure the sizecand shap
were not in the way of the simulatiofccording to Galitz

i Fast er-rdsearahrhasialsogfound that a graphical, pictorial
representation aids | earning, and symbo
(Galitz, W. 2007 p. 22).

It is for this reason thieons have been designed and created using pictorial
representation of organs, and for navigation there are symbols for direction with arrows.
The symbols design for navigation where inspired and customised from media controls
used on devises that are coomrin most households, giving users a clear and simple
experience, which was also tested in the user experience (see the evaluation chapter for

more details).
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Symbol Name / function

—_—
~ =

& |Pay
IDE]' Pause
L] Stop
'ﬂzﬂl Rewind
|[5:l?>' Fast forward

'ﬂf]l Skip to the start or previous file/track
|[§[1' Skip to the next file/track

e Record

'é' Fject

sz Shuffle

@@ Repeat

Fig. 50 Media Controls (2013) en.wikipedia.org/wiki/Media_controls

In figure 50 thedons @an be commonly found on DVD, Stereo and-Blay devices and
the icons also appear on the devices player controllers.

In order to choose the style and colour of the icons, tmmgmtary colours where chosen,
according tdSteinberg

ACompl e me nt ahose that beldicectlg opposite each other on

the color wheel. Complementary color schemes work best for drawings

when you choose one hue as the dominant color and use its complement
for accents. o (Steinberg, 2011: 40)

Taking St ei nb e rementary dolbuesantogonsiderationchetged

with the col our choice for the buttons.

orange/ oranged colour and placing them

colours would be complementary.
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e —
W edicat nstma x (£

€ i medical mudboxcentral.com/medical/wordpress/?page

8) Most Visited {_} Getting Started [ Suggested Sites {} Web Slice Gallery

Medical Browser

Realtime 3D Interactive Browser

| Asthma

The information within this prototype is by permission o f the NHS.

Fig. 51, Gallagher. N2013)choice of colour for the buttons

In figure 51 a colour wheel has been placed next to the web browser artefact. The arrows in

the middle point to either side of the colour wheel to visually sBdwe i nber gbés t heor
practice. The bannerattrep of t he website where it says ¢
letters, also reflects the colour of the background in the artefact to help the overall color

scheme of the web page.
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Fig. 52, Gallagher. N, (2013) Fig. 53, Gallaghkr. N, (2013)

(Direction symboly (Pictorial representation

Figure 52 is a selection of icons that appear in the artefact. When a user selects a

particularbutton with one of the symbolg,triggers the simulation into a function such

as next, repeat, skip and so on. @ppearance of the icons have a direct relationship to

the media controls icons figure 50. This was producedoe | p wi t h t he wuser 6s
understanding of what is expected to happen in the simulation when a symbol is activated

through mouse and clickteraction.

| Fixed Camera

Fig. 54, Gallagher. N, (2013) Direction symbols accompanied with text

In figure 54 the media control icons have baecompanied with text to help the user in

case there is any misunderstanding of the icon.

Bl el loelole

Fig. 55, Gallagher. N, (20)3ymbols creation process
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Figure 55 is a breakdown of how the buttons were created. Each button had a series of
layers built up in Photoshop and then filters were applied to each layer and then graded.
This was to soften the overall appearance so a®myerpower the message donated by
the symbol. In the central circle an Omni grade has been placed from a light colour to the
darker extremity of the circle to help attract the eye to the center of the icon (forth from
the right). On reflection of the dgn, the highlight at the top of the central circle will be

more transparent as it is proves to be the main focal point.

5.9 Visual Design

Due to the artefact being presented in a web browser there were limitations to the window

size. The standardiscur ent |y O6Wi de Super Video Graphics
an aspect ratio of ~17:10 which means the width and height of the pixels is 1024 x 600. This

is due to consideration of backward compatibility on older PC, Apple Desktops and laptops

having snaller screens.

Realtime 3D Interactive Browser

Fig. 56, Gallagher. N, (2018¢hoice of colour for the buttops
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Working on the theory of humans being fixated on faces (see chapter 4.3 Functionality,
6Learning to Predict Where Humans Hiotokdé) t he
the face, and flat colour was used for the bones, organs, skin and background colour. Vertex

colour was used to help give some areas gradients of colour.

Medical Browser Medical Browser Medical Browser
ive Browser 1 ive Browser

Realtime 3D Interact Realtime 3D Interacti Realtime 3D Interactive Browser

Fig. 57Gallagher, N. (2013) Artefact, choice of flat colors. medical.mudboxcentral.com

The realisation became clear that not all the texture slots could be used in the material slots
inside Unity. This was due to a limitation in Unity Web Player export. The reason is that each
time you add a texture to a polygon the calculations in itsyahilirender goes up as it uses
more processing power on a computer. This also has a direct effect in the overall file size of
the export, due to it reducing the speed of the download dramatically due to it having less
information in the form of texture t&a

When a games artists textures a digital human in on games consoles such as the Xbox 360

and PS3. There are three main textures used,;
6nor mal map6é which all ows si mpl hateilluempsandow p ol
bumps and small details to much | arger det ai

controls the highlights. In order to keep the file size down to under 10mb there was a choice
of only choosing two textures so Defuse and Normal mapsahesen and then a flat

specular colour was applied through the material.
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Medical Browser Medical Browser Medical Browser Medical Browser
Realtime 3D Interactive Browser Realtime 3D Interactive Browser Realtime 3D Interactive Browser Realtime ive Iser

3D Interactive Brow:

Fig. 58Gallagher, N. (2013) Artefact, choice of flat colors. medical.mudboxcentral.com

Some materials were crude due to limitations in unity, for example a subtle transoigent

fade would have been a desirable effect, see
write into the depth buffer. This can create
nonconvex meshesodo (Unity ShaderAldéldsize Cul | i ng

efficiency was always a priority due to load times and is discussed further in Chapter 5.12

Further Development.

5.10 Information and Navigation Design

To help with the navigation design the starting point was to research into reviewing th
medical simulation market. Then came the process of getting a prototype up and running,
according to Benyan

AnThe Key thing for designers to remembe
people who will be using the final system. Designers need to
understand the regrements of other people. This is not easy, but

taking t o peopl e (Beayom2012:150)t er vi ews 0

As Benyon explains, the early prototype was too complicated, it was built with the researcher

in mind as the end user, see Chapter 5.1 (Testing GamgaseEDelivery Technologies). By
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talking to industry professionals like Cullum Welsh and work colleagues in the office about

the early medical artefact it became clear that there was too much interactive content.

@ Unvesi Development Kit Editor Preview (64-bit DX9)

Figure. 59 Gallagher, N. (2013), Screstiot an early prototype.

As can be seen in figure 59 there lots of flip up charts aralidiing on some bones or

organs, a flipup chart would appear. The user was then presented with information about the
organ. The various charts could be moved agidihe screen and also clicked on for more
information. This would then activate the camera to move to a new part of the body. Users
where saying the interactive experience is too complicated for the general public and it did
not tell a story, it needed m®ofocus and simplification.

By listening to advice and reading interviews about how to start a medical simulation
company, such as an interview with Bruce Blausen, Gaglani

AWhen people are diagnosed with, for ex
cannot procesthe information being given to them. They are freaked
out. Our animations help educate them and address their concerns

about treatments or procedureso. (Gagl a

The researcher felt that the contents on many medical websites could be complentbnted w
an interactive 3D approach by delivering extra content that a 2D video cannot offer. For

example having a mouse controlled 3D camera would allow the user to pivot around an organ
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to help gain a better under stthermddiowaudof t he o
explain its function when selected. 2D symbols would reveal the triggers of asthma with

audio and more imagery. To expand on thex¢ is an area in the artefact that enables a free

rotating camera driven from mouse control, centeredmartecular organ, in this case the
thracia. This was created to show it i s poss
and relation to where it is located in the body. To make it more obvious for the user the

various organs transfer colour ian offset delayed subtle pulsation to become highlighted

in red for more information. When the user selects an organ of their choice via a mouse click

a cinematic is triggered accompanied with an audio explanation of what the organ is.

5.11 Hardware and Software and Platform Possibilities

Currently the artefact works aftindows PC, Apple/Mac and Windows Surface Pro Tablet.
Now the researcher has an understanding of programming it is possible to expand on
delivering computer games simulation conterfutare developments on lots of different
hardware platforms.

In an interview with Mr Blausen about Blausen Medical Comitations, according to
Gaglani;

AOver 1,000 3D illustrations and animations (apparently each costing
$10,000 to create, makingthegdt appds devel opment worth
$10 million)o Gaglani (2012).

When Mr Blausen was asked in an interview, about how Blausen started off his

own medicavisualization company he said,

~

Al just | ooked at it more or | ess I|ike
build it and they will come. So we just built 50 topics and, all of a

sudden, the compression and the internet capabilities caught up with

us, and we were able to license them to hospital systems for use on
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their intranet backbones. And as the technologk tf) so did
Bl ausen Medi cal Communi cations. 0 ( 3DAT

Now the researcher has tried the discipline of beitgglanical artist there is a larger
understanding of games engine architecture. It is possible to see the limitations of the Unity
Web Payer plugin through the process of understanding the basics of JavaScripting and
seeing firsthand the physical data attachments to the plugin, and how it connected to the
different browsers. This is an issue for a number of reasons. Firstly the developer i
dependent on browsers supporting a plugging and secondly the developer is also dependent
on the vendor continuing support for a technology that currently is not its main focus. What
3D Web browser technology needs is a solution to work without plugirchwbp until now

have been Flash, Java and Unity Web Player. According to Parisi;

AThe industry is also pulling together
standards designed specifically for web use. The content creation

landscape is still a bit rocky, but a&lst we have moved beyond the

istone tool so stage of a few years ago
3D development. 5.12 (Parisi, 2014: 8)

5.12 Further Development

The researcher can now debug and package more simulation content on different platforms
from the Unity Games Engine, including Window&$ X, Unity Web

Player,Android, iOS, BlackBerry 10Windows Phone 8lizen,WebGL, PlayStation

3, PlayStation 4PlayStation Vitawii U, Nintendo 3DS line, Xbox 36§box One,Android

TV, Samsung Smart T\Qcuus Rift, HTC Vive andGear VR. All the tools are open for
creation and it is possible to publish for free, or for a small royalty fee dependent on the

licensing from the vendor.
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According to the Unity website;

AWhil e WebGL i s a vogyourreatly,¢thet i ng new tec
Unity Web Player is still the most featucemplete and the most

performant solution for targeting the web with Unity, and will stay as

a supported platform in Unity 5.x. It may be a very useful strategy to

dualpublish your content usg both WebGL and the Web Player, in

order to get the widesbpsible reach for your audierogJnity

WebGL, 2015)

Further development on this study might be to go in two branches as the Unity Website
suggests but equally if another vendor produceselipgto enable 3D web browser content
with many of the features a games engine can bring and work without plugins then it is not a
problem to learn a new engine.regards to learning WebGL and HTMLJ5, according to

Parisi;

AAs of t hi s woverage is igot condp@te dcwssthe r e

various browsers. Also, each browser supports a slightly different

subset. Clearly, this is not an opti mal
thing that comes with the web application development territory.

Crossbrowser spport has always been notoriously difficult; with the

explosion of features in HTML5 and the proliferation of devices and

operating systems, it hasndét gotten any
that the alternative is far worse: native applications are baeder to
build, test, deploy, and port. Oh well é

developer in the 21st centuffRarisi, 2014: 1)

The current state of 3D web technology is that there is no single clear distribution method.
Further development of this studyght be to break up the digital human body to allow for
better clarity of the model, partly due to the download speed of the artefact being around ten
seconds on a 10mb broadband network. There has been a lot of new learning on anatomy,
reviewing medical dists work, reading about anatomists and reading about the history of
medical visualisation. A common theme in the history of medical visualisation is the
collaboration of the subject between anatomist and artist. It is for this reason the next step

will be to find an anatomists that has an interest in the area to help validate the contents of the
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future development of the artefact. Then follow the same evaluation process that has been
achived in this study. By working with an anatomist will help validagedigital human on

issues such as proportions, naming, colour, placement and many more issues.

Rather than producing an entire human model, this time the researcher will break the human
forum down into smaller components. This will allow for fast turoads of content to help

build a portfolio of content and will help with adding more details such as skin details,
muscle, veins, bones focusing on joints or a particular organ at a time. It will also speed up

the web browser experience.

Fig. 60 Gallagkr, N. (2014) 3D further direction, practice over Gray(2914)
en.wikipedia.org/wiki/Human_skull

The researcher digitally sculpted a new 3D human skull to a higher resolution. This was
produced by overlaying the digital sculpt onto top of a drawingidryry Vandyke Carter

(1831- 1897) to help with proportions. During the study it was decided that a 3D Scan might
produce more accurate results then working from flat 2D drawing. For example where the

vertebrae connects to the base of the skull it hag semy complex shapes around this area.
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Scan data can be combined with current games art topology practices and produce better
optimised results for web browser creation.

Creating 3D from photos is called 6plhotogranm
data to be produced at the same time. The researcher posted on some forms and joined some

3D Scanning groups on social media to learn more about the subject. The researcher started a
thread called 6Photogrammetry 0Pl g£2@14nBé&st P
It received lots of useful information from the digital art community and two pieces of

software were mentioned by industry professionals that were using it on their current industry
projects. Example videos and articles were also do$tee two most common
photogrammetry softwareds mentioned where 12
PhotoScan (2014). By following the advice on the thread gselfait was produced using
photogrammetry methods. To test the software a quick tdsaviamsung 3 mobile phone

proved to give a 3D mesh. Next a Cannon 5D DSLR produced a cleaner 3D mesh with less

errors but due to the amount of photos being taken there was some natural movement from

breathing.
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Fig. 61Gallagher, N. (2013) photogrammetry witiCannon 5D DSLR to 3D model
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In order to capture a pose from life in an instant and have less movement a bank of Cannon
5D6s were set up on tripods and set up in an
directional light. The environment must be very still with no background movement not even

in reflections. This proved to give a high resolution 3D model andiisrgj to look as

though this could be the way forward for further developments.
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Fig. 62Gallagher, N. (2013) Photogrammetry

Fig. 63Gallagher, N. (2013) Photogrammetry Fig. 64Gallagher, N. (2013)
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Photogrammetry

Fig. 66Gallagher, N. (2013) Fig. 67Gallagher, N. (2013)

Photogrammetry Photogrammetry

In figure 67 are the results photogrammetry with skin details holding up with a close range
camera. The nextrocess was baking down the infaation from hi to low resolution

polygon mesh to investigate if it could keep the information. The software used for this
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process varied to get sharp results. I n the

Mudbox. The O6nor mal malpd Amrd dMmapeculnani drma XNo

and Photoshop to clean up the textures.

")E,j"ume'jc"mm &0 s & ©» E:mt'_g@—
Fig. 69Gallagher, N. (2013) Further development, Real Time, Low Resolution Model,

collection of 4 images.
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Fig. 70Gallagher, N. (2013) Further development, Real Time, R@solution Model,

collection of 4 images.
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Fig. 71Gallagher, N. (2013) Further development, Real Time, Low Resolution Model,
collection of 4 images.

n.ﬁ Q“!ss:/r E"“"HM'
Fig. 7ZGaIIagher N. (2013) Further development, Wireframe Real Time, Low Resolutic

Model, collection of 4 images.

Figure 72shows an updated model that is in a real time games engine using the process of
Photogrammetry. There will be more development spent on refining the low resolution
topology for animation purposes and capturing more of the feigplution subtle shapes and
anatomical details to the form of the face. A human skull, mandible and some upper vertebrae

will also go through the same process.

118



Another way forward would be to work from 3D Magnetic resonance imaging (MRI). This
would bethe most laboumtensive method but would provide very accurate proportions. The
benefit to working in this method would be the accurate process of adding 3D models in the
correct place, for example organs, muscles, tissue, tendons and nervous system.

In order to get hold of (MRI) scan data could be from the contacts made in the medical and
visualization areas. Another could be to approach companies such as BodyViz as they sell

high resolution 3D MRI, CT data scans (BodyViz 2015).

@ -~
L)
=
e
g .-
o
o
-~
&
N~
<
Lo -
.‘

Fig 73 & 74, Body Viz (2015) bodyviz.com

This will allow for further development of the project to expand one body area at a time and
producesome ailments based around a digital human head as a starting point. Further
development will be to expand this process to one body area at a time and use the interactive

techniques used in the creation of the artefact to build a portfolio of ailments.

5.13 Realisation: Summary

Games engine technology is not quite ready to release HTML5 authoring tools for
development, at the time of writing. Unity and Unreal both have tech demos and mention on

theirwebsite the technology is close to being releasexddifferent engine was to release 3D
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web browser delivery tools before the Unity game engine, then the researcher has no
objections to developing on a different platform should one become available.

The future direction for 3D Web technology looks like \@&bworking on HTMLS is the

solution developers are looking at using. Microsoft Internet Explorer version 11 has prefixed
WebGL 3D to catch up with the other web browsers which have already done this. It means
3D Web Technology is ready on the browsersasthe public update their software it will

just need an authoring tool to become available from a vendor to get 3D Website content on
the market.

The artefact was a test platform in order to test 3D web browser technology as an aid to help
Asthma sufferes as set out in the research questions. A possible solution for the researcher
now there has been a lot of new learning on anatomy, artists, anatomists and the history of the
subject will be to work alongside an anatomist. Rather than developing tleshentian

body, the aim is to focus on one body area at a time.

High level detail is proving to be possible in real time due to new Photogrammetry software
tools and new high resolution DSLR digital cameras and the technology they bring.

The release of eaggames console showed the rapid rise in polygons and now there are lots
of new post process effects and techniques to make real time 3D look better.

There are new development toolgéal time rendering techniques in the film and TV

industry which are stéing to produce new software and opens up research and development
toolsoutside of purely console development. It is allowing for techniques that are going
beyond the graphics capabilities of current games consoles, tools ddignasnia

(Digimania 201% and Autodesk Stingray (Stingray 2015) and they have only come onto the

market at the end of summer 2015.
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6.0 Evaluation

This chapter evaluates the product in three different ways, as described below. The researcher
used three different ways becausé¢haf method of triangulation. This makes sure the

research data is not from the way the researcher tested the artefact but actually from a
property of the artefact itself, so that the data is reliable.

To help answer the research questions a user tesetigsby the researcher to test the

artefact on asthma sufferers and validate it for its communication. Medical professionals also
tested the artefact to help validate it for its overall accuracy.

6.1 Functional Tests

This section looks to see if the fuimmal tests driven from the Statement of Requirements

from Chapter 4 have been met. The table below is an overview of the main points.

Statement of Requirements Comments Yes | No | Partly
Content
3D works in a web browser a
Audio a
Collision Mesles (organs selected) a
3D Cinematics a
Lens control (FOV) a
Vertex lit
Website works
Images
Textures Textures are very expensive for data memor
future development will look into new
sof tware O6Al gorit hmi
Text Text is on the button and some pop ups. An| g
feature to accompany the audio will be text.
This will also be good for deaf people.
Lighting a
Animation a
Explains causes of asthma The nur s e whattredatmeatise d | g
avai |ltavulddehest to hyperlink to the
NHS, or advise to seek a medical profession
for ethical reasons, needs more planning an
will be added.
Triggers on GUI buttons move the 3D a
camera.
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Materials for the surfaces a

Functionality

Rotationdmouse driven camera

Q

Point and click on three dimensional

models (organs)

Buttons allow for more information

Unity Web Player Plugin works

Simulation is bug and crash free

V| O V| O D

GPU Skinning

Delivery Platform

WebBrowser

PC

Apple Desktop

Tablet (Surface Pro)

Web browser Goole Chrome

Web browser Internet Explorer

Web browser Safari

Web browser Firefox

O O V| O V| O V| D D

Content is Streamed

To summarisehe resultsas can b seen in the Statement of Requirements, the functionality
has been achieved. There were a few minor points brought up that need to be revisited but
overall the assessment was positive from both the target user group and the medical

professionals.

6.2  Survey Results from Qualified Medical Professionals and

Practitioners
There were two medical expertsodé opinions col
The medi cal expertodéds responses have been col

guestionnaie see appendix).
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The table below is a quick look up table to give an over view of the results.

Likert scale
Strongly Agree Somewhat Neutral Somewhat Disagree Strongly
Agree Agree Disagree Disagree
4 2 3 1 0 0 0

Question three was particulariypportant as it was a research question and a statement of

requirement .

and thei
There are some valid pagnmade mainly around animation and audio. They are not only

important but will make the product more interesting for the user experience; this will be

sympt oms?0

ADi d you

achieved in future development of the artefact.

To address all the issues will be push the technolbgshat is possible for 3D content

through a web browser without affecting the framerate. The solution on the new artefact will
be to have a hardware cut off and not to put so much emphasis on backwards compatibility as
the current artefact has done.

Overal the medical professional user test was positive and a success with comments such as,

AVery

usefu

This chapter covers the questionnaesults. The data was collected from a website called
ESurv which provides tools for making online forms, surveys and polls (ESurv 2015). The
answers and data have been collected and placed into tables below. In the pie charts below
the numbers were roundléo the nearest number. As there were six user testers it has no

affect the final result. (6 100= 16.6- recurring)(for full questionnaire see appendix).

wel
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detail ed
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Target User Survey Results
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The user testing on target users was broadly an overall success with a high proportion on the
guestion answering in the Agree to Strongly Agree area. Overall they found it communicates
effectively with particular success in areas
enough information about the causes of asthma, how does this simutatipare to
pamphlets, information on External Triggerso
They did identify a few aspecighich need to be considered furthees two questions dipped

into the negative based around the photo imagery. This clearly shows an issue around this

area and needs further investigation. The last comment might be the direction of the solution,

by adding audio and text to the imagery. It would then take further tests to see if it comes up
again.

The process now will be to take all the comments and saiesthey are in future

devel opments of the new prototype. O0Textdé fo
engine as 2D text with very low memory cost has been enabled rather than using texture

images. This will also allow deaf and hard of heapagple have an easier time using the

artefact.

In summarythe target user, who are asthma sufferers believed the artefact was able to
communicate effectively. They did identify a few aspdictaneed to be considered further

to help move the product feard in future developments. And the medical professionals

helped validate the contents for its accuracy and again the feedback from them was

prominently positive.

6.4 Realization: Summary

Overall the user testing was broadly a suca@sestion three fathe medical professionals

was particularly important as it was a research question and a statement of requirement, and

124



there was overall agreement by the medical experts that the simulation was an accurate
description of asthma triggers and their symptoms

There are some points that will need addressing in future developments of the artefact. Some
will be easy to address where as others need more research and development. In terms of
functionality, overwhelmingly most of the objectives were meet.

There wa mention from the nurse to add medical products which have been thought about in
the past. The researcher had also been planning a tutorial on how to administer medical
drugs. Both of these points would need strict ethical clearance and validationrfredical

expert. It may be a better solution to build more resources and content and then revisit this
matter in the future.

Overall the user testing has proved to be insightful and brought up many points. The
researcher has achieved what was set out io the research questions and the Statement
Requirements. This chapter concentrated on the evaluation of the prototype. It did this from a

number of perspectives, and concluded that broadly the project aims have been a success.
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7.0 Conclusions

This chapér summarises the extent to which the research outcomes have been met and new
knowledge produced.

This research project aimed to discover if it is possible to deliver a health communication tool
using online 3Dveb browser technologyhere were four mairesearch questions (see

chapter 1.1.1).

1. Isit possible to produce a 3D medical visualisation system that works through a web

browser?

2. Is it possible that such a system can communicate effectively to a target audience

using a 3D medical simulation thabvks through a web browser?

3. Is theartefactan accurate description of asthma triggers and their symptoms?

4. What are the learning outcomes taken from user testing the prototype on asthma

sufferers and medical professionals?

Based on the evaluation oftloutcomes in this research project, it is clear that the research

guestions have been answered.

7.1 Achievement of Research Outcomes

The project has proved that with current online 3D web browser technology it is possible to

deliver a health communicafti system. It is able to communicate effectively to a target
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audience and, as the medical experts have confirmed, it actually provides useful and accurate

information (see section 6.2).

7.2 Contributions to Knowledge

This project has confirmed that itnew possible to deliver a real time browser based 3D
simulation, for use as an information tool for health communication purposes. This tool can
be created by modifying an existing games engine. The tool developed to demonstrate this
comes with interactiy elements and has the potential to complement current health
communication systems such as pamphlets, magazines, posters and so on.

The artefact was built to communicate on the subject of asthma and it was user tested on a
group of six asthma suffererspoove it can positively communicate to them. Two medical
professionals, a doctor and a nurse reviewed the artefact to confirm its medical accuracy. The
artefact for both tests was broadly a success and proved that online 3D Web Browser
technology can brafly deliver health communication. The points that were raised in both

user groups comments will be addressed in future development of the project.

7.3 Suggestions for Future Development

The new artefact's focus will be on the creation of smaller bodg aigamore detail.

Currently much research and development indicates that the solution is to move towards
WebGL on a HTML5 web platform due to it being native on current web browsers.

The researcher will work with an anatomist from the outset to buiigitaldnodel to help
validate the skull, tendons, nervous system, muscles and organs. Content inside the digital
head will be based on MRI scan data. Retopologising MRI scan data will allow for greater

accuracy in the low polygon model. The latest reaétdigital art methods in retopology and
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bake down methods, along with algorithmic materials will result in interesting developments

in this area, especially in animated versions of muscle groups.

7.4 Closing Remarks

| started this health communicatiorofact due to personal experience of a family member
suffering from asthma. | also wanted to help future generations by creating new health
communication tool. This project has been a very interesting learning process and the
possibility of making a diffengce to future health communication is a very exciting prospect.
| am hoping to extend this project by looking at more diseases and by producing medical
health communication experiences that the public can access on the web.

For now | look forward to conatling this study and exploring WebGL HTML5 and to see
what is possible. A serious games modification team for health communication will also be

the focus to gather likeninded people in order to grow the content.
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Email Correspondence

1. Callum Welsh, Art Director at Random 42 Medical Animation

Email, Callum@CallumWelsh.co.uk

AThe next generation of real time graphic
Unity is going to see huge improvements in real time graphics and may

even replace rendering medical animations altogether as the demand for

real time visualization will grow and clients will expect to see both a

finished animation and an interactive demoaton. Currently there is a

huge gap in the mar ket for Tabl et and web
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2. Martin Bowman, Senior Lecturer At the University of Hertfordshire

Email, m.p.bowman@herts.ac.uk

AANn i nteractive tut or toasthmarsafferers, espeeiallg f ant a
children who have a hard time learning how to use an inhaler correctly. | taught my
younger brother how to use his inhaler after realising that he was not using it as the
asthma nurse had described to me, and consequeargigat getting the relief from
symptoms that he should have experienced. (Worse still he was spending a lot of time
in hospital because of this).

If there was an interactive tutorial that demonstrated, step by step what the child
should do (correct bodyogture, getting the breathing to a regular series of deep
breaths, understanding to trigger the inhaler as the breath is sucked in, and then
holding their breath for the required time period etc.), that could help either a child on
their own dealing withhe issue, or act as a memory aid to an assisting adult. Both

child and adult would feel more in control of the situation, with the hope that the
medication would be administered correctly and therefore reduce the likelihood of a

visit to the AccidentandiBer gency war do.
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ii. Email, Permission from NHS

The following email correspondence was with the National Health Service in order to ask for

permission to use information from their website.

----- Original Message---
From: NHS Choices [mailto:thech@isteam@nhschoices.nhs.uk]
Sent: 13 June 2012 16:44

Dear Mr N. Gallagher,

Thank you for your correspondence of 13 June about using information from the NHS @¥elisds. | have
been asked to reply.
You may reuse this information free of chargeany format or medium, under the terms of the Open

Government Licence.

To view this licence, visit:

http://www.nationalarchives.gov.uk/doc/opgavernmemdicence

or write to:

Information Policy Team
The National Archives
Kew

London

TW9 4DU
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ii.  The Contract from the NHS, Permission of use, copyright and

database

delivered by

The National Archives

Back to The National Archives
You are encouraged to use aneuse the Informatin that is available under this licence, the Open Government
Licence, freely and flexibly, with only a few conditions.

Using information under this licence

Use of copyright and database right mat errmaatli ocenxdp)r e s s |

indicates your acceptance of the terms and conditions below.

The Licensor grants you a worldwide, royalige, perpetual, neaxclusive licence to use the Information

subject to the conditions below.

This licence does not affect your freedondar fair dealing or fair use or any other copyright or database right

exceptions and limitations.

You are free to:

1 copy, publish, distribute and transmit the Information;
1 adapt the Information;
1 exploit the Information commercially for example, by combgninwith other Information, or by

including it in your own product or application.

You must, where you do any of the above:
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http://www.nationalarchives.gov.uk/information-management/uk-gov-licensing-framework.htm

1 acknowledge the source of the Information by including any attribution statement specified by the

Information Provider(s) and, wheepossible, provide a link to this licence;

If the Information Provider does not provide a specific attribution statement, or if you are using
Information from several Information Providers and multiple attributions are not practical in your

product or aplication, you may consider using the following:
Contains public sector information licensed under the Open Government Licence v1.0.

1 ensure that you do not use the Information in a way that suggests any official status or that the
Information Provider etorses you or your use of the Information;

1 ensure that you do not mislead others or misrepresent the Information or its source;

1 ensure that your use of the Information does not breach the Data Protection Act 1998 or the Privacy

and Electronic Communicatisr{EC Directive) Regulations 2003.

These are important conditions of this licence and if you fail to comply with them the rights granted to you

under this licence, or any similar licence granted by the Licensor, will end automatically.

o Exemptions

This licence does not cover the use of:

personal data in the Information;

Information that has neither been published nor disclosed under information access legislation
(including the Freedom of Information Acts for the UK and Scotland) by or with the congdéet of
Information Provider;

1 departmental or public sector organisation logos, crests and the Royal Arms except where they form an
integral part of a document or dataset;

military insignia;

third party rights the Information Provider is not authorised &nke;

Information subject to other intellectual property rights, including patents, trademarks, and design
rights; and

1 identity documents such as the British Passport.

= =

=A =4 =4

No warranty

The I nformation is | icensed 0 adlrepreséntatomsdvartahties, | nf or mat i
obligations and liabilities in relation to the Information to the maximum extent permitted by law.

The Information Provider is not liable for any errors or omissions in the Information and shall not be liable for
any lossjnjury or damage of any kind caused by its use. The Information Provider does not guarantee the
continued supply of the Information.
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Governing Law

This licence is governed by the laws of the jurisdiction in which the Information Provider has its ppiadpa
of business, unless otherwise specified by the Information Provider.

Definitions

In this licence, the terms below have the following meanings:

6l nformationbd
means information protected by copyright or by database right (for example, literaastiatid works, content,
data and source code) offered for use under the terms of this licence.

6l nformation Providerd
means the person or organisation providing the Information under this licence.

6Licensord

means any Information Provider which has alhority to offer Information under the terms of this licence or

the Controller of Her Majestyds Stationery Office, wh
copyright and Crown database rights and Information subject to copyright sk right that has been

assigned to or acquired by the Crown, under the terms of this licence.

0Usebd

as a verb, means doing any act which is restricted by copyright or database right, whether in the original
medium or in any other medium, and incluadghout limitation distributing, copying, adapting, modifying as
may be technically necessary to use it in a different mode or format.

6Youbd
means the natural or legal person, or body of persons corporate or incorporate, acquiring rights under this
licence.

About the Open Government Licence

The Controller of Her Majestybs Stationery Office (HN
Information Providers in the public sector to license the use anseref their Information under a common

open Icence. The Controller invites public sector bodies owning their own copyright and database rights to

permit the use of their Information under this licence.

The Controller of HMSO has authority to license Information subject to copyright and databass/ngtl by
the Crown. The extent of the Controllerds offer to 1i
out in theUK Government Licensing Framework.

This is version 1.0 of the Open Government Licence. The Controller of HMSO maytifne to time, issue
new versions of the Open Government Licence. However, you may continue to use Information licensed under
this version should you wish to do so.

These terms have been aligned to be interoperable with any Creative Commons Attritogtiee Livhich
covers copyright, and Open Data Commons Attribution License, which covers database rights and applicable
copyrights.

Further context, best practice and guidance can be found WKifi@overnment Licensing Framewoskction
on The National Arcives website.
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iv.

Questionnaire Feedback from Medical Experts

Here are the user test results from the medical experts.

User Survey Results: Qualified Medical Professionals and Practitioners

1) I confirm that | understand that | can withdraw at any timecamdirming yes means that | agree to

participate in this study.

Response (%) Responses
Yes 100.00 2
No 0.00 0
Question 1:

Did you feel the product provides an accurate and coherent account of the processes and symptoms of

Given that this ppduct is designed for patients and their families (rather than medical specialists) and set

only to explain the underlying causes and effects of asthmatic illness.

Likert
Responses
scale
Strongly 0
Agree
Agree 1
Somewhat
1
Agree
Neutral 0
Somewhat
- 0
Disagree
Disagree 0
Strongly 0
Disagree

Respondent Likert Further comments
Opinion
Nurse Agree | would have liked the presentation to include
what treatment is available and advice on when
seek urgent medical attention.
Physician/ Somewhat | | believe that it is helpful to use English
Specalist in Agree terminology (e.g. windpipe, voice box) rather tha

Anesthesiology

and Intensive Care

Latin when communicating with lay persons.
If at all possible have the air symbols pass insid

the arways.

163



Question 2:
How did you feel the verbal and visual presentation communicated the accuracy of the symptoms of ¢

: Respondent Likert Further comments
Likert
Responses .
scale Opinion
Strongly 0 Nurse Somewhat| | liked the biology part but patients then want to know h
Agree Agree it affects them so perhaps the model actually having a
Agree 1 (simulated) asthma ahtaczk
may be useful.
Somewhat 1 The commentary kept repeating around the asthma trig
Agri .
gree part and it would have been better commentated by the|
Neutral 0 same person throughout.
Somewhat 0 Physician/ Agree The main characteristic of astans that it is a completely
Disagree Specialist in reversible process mainly caused by spasm of the mus
Disagree 0 Anesthesiology encircling the bronchi. This is almost instantly relieved
and Intensive adrenergic drugs. A secondary process is the inflamma
gt_rongly 0 Care. system activation, which is usually slower, givswelling
isagree
and excessive mucus production by the mucous

membranes. This also causes poor air passage and
wheezing. Inflammation of the airways is not unique to
asthma but occurs during viral and bacterial infections i
all humans, particularly in those whave contracted
COPD by smoking. These are much slower processes 1
can remain for days or weeks despite adequate treatme
This difference is important for the asthmatic patient to
understand and is not stated clearly enough in my opini
The reason ithat self administered overdosing of
adrenergic drugs is the most common cause of death ir
asthmatic attacks. It is importathierefore, that the
patientunderstands that it may not always be possible t
quickly get complete relief despite the bronchospas
component is relieved. The inflammatory process may
remain active for hours or days once it has been activat
When the asthma is inactive, the asthmatic patient has
completely normal lung function as opposed to a patien
with COPD whomay otherwise xhibit very similar

symptoms.
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Question 3:

Did you feel that the simulation is an accurate description of asthma triggers and their symptoms?

: Respondent Likert Further comments
Likert
Responses -
scale Opinion
Nurse Somewhat| See above, it would be better to show the symptoms ag
Strongly 1
Agree Agree well as the biology behind them.
Agree 0 Physician/ Strorgly Yes, | strongly agree
Specialist in Agree
Somewhat 1 Anesthesiology
Agree .
and Intensive
Neutral 0 Care.
Somewhat
: 0
Disagree
Disagree 0
Strongly 0
Disagree
Question 4:
Did you find the visual communication (i mages)
accurate?
. Respondent Likert Further comments
Ul geit Responses
scale P Opinion
Nurse Strongly
Sl 2 I liked the pictures of real allergens and the cute dog.
Agree Agree
Agree 0 Physician/ Strongly Yes, Istrongly agree
Specialist in Agree
Somewhat 0 Anesthesiology
Agree .
and Intensive
Neutral 0 Care.
Somevhat
: 0
Disagree
Disagree 0
Strongly 0
Disagree

165



Question 5:

How effective do you feel a free 3D simulation would be in informing patients and their families about wt

happens when someone has asthma?

: Respondent Likert Further comments
Likert
Responses .
scale Opinion
Strongly 1 Nurse Strongly I think it would very useful but needs to include
Agree Agree treatments.
Agree 0 Physician/ Neutral
Specialist in
Somewhat 0 Anesthesiology
Agree ;
and Intensive
Neutral 1 Care.
Somewhat
: 0
Disagree
Disagree 0
Strongly 0
Disagree
Question 6:

Are there any final comments you would like to make?

Respondent

Further comments

Nurse

| would prefer it if the 3D model had pants on!

Physician/ Specialist
in Anesthesiology and

Intensive Care.

My main comments are that theadomy of breathing seems a bit strange, with the arrows symbolizing air
apparently passing into the rib cage outside of the windpipe and bronchi. | am not sure how well versed th
average person is in the Latin nomenclature, maybe it wold help to mémi&mglish words voiedox and
windpipe. The main breathing muscle @0%) is the diaphragm separating the thorax from the abdomen.
breathing the twin upward convexities of the cupola of the diaphragm flatten, thereby expanding the space
the ribcage. The air is sucked into the thorax because the lungs, freely suspended inside he thoracic cavit]
suction expanded to the walls of the cavity, and lubricated by mucous membranes covering the inside of t
thoracic cavity and the surface oetlungs. That is why the apparent passage of air outside of the windpipe i
your pictures bothers me. If the surface of the lung is punctured (as it can be by fractured ribs or sharp
instruments, or even breathing forcefully or coughing against resis@integks into the normally sealed space
between lungs and the thoracic wall. That will cause the lung to collapse by its own elastic force and thus
breathing movement will cease to be transferred from the diaphragm and chest wall to the lung. dghisea
asphyxiation because the lung will not expand any more despite the breathing movement. (The bird of pre
punctures the lungs of its prey by inserting heir claws into the ribcage when they grip the back of the anim

sideways across its spine. Thaop prey then dies of asphyxiation)

In terms of asthma mechanisms | feel that you have understated the role of bronchospasm (the bronchial
encircle the bronchi. During an asthma attack they go into spasm, thereby narrowing the bronchi andaeron
causing the whistling sound and the increased resistance to air passing.). This spasm can be almost instg|
released by adrenergic bronchodilators (similar in action to adrenaline). The asthmatic person has no fund
impairment of his breathing all, except during an attack, as opposed to the person with clofostizictive lung
disease (COPD), most often cause by smoking. In your simulation the emphasis is on the inflammatory

mechanisms causing swelling and excess mucus production. These istashsmilarly occur in norasthmatic
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patients with pneumonia, COPD or bronchitis. It may take many hours or several days to normalize even
adequate medication. This is an important differentiation that will be recognized by any asthmatic patient.

Thank you for letting me have a look at your work, fascinating and potentially a wonderful teaching aid.
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V. Questionnaire Feedback from Asthma Sufferers

This is the user testing results from the asthma sufferers.

User Survey Results: asthma Sufferers

1) I confirm that | understand that | can withdraw at any timecamdirming yes means that
agree to participate in this study.

Response (%) Responses|
Yes 100.00 6
No 0.00 0

2) Asthma,Question 1: In terms of overall presentation how easy didigdithe information to understand or

the subject of asthma?

Responses Total
Strongly 0
Agree 6 100%
Agree 0 0%
Neutral 0 0%
Disagree 0 0%
Strongly 0 0%
Disagree
Respondent ID Answer
11358169 Perfect, easy to understand, interesting.
Very clearly spoken and laid out, good level of detail but some key medical
1135842 _
words could use further explanation
11479402 Well spoken, clear and easy to understand
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