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Abstract

Museums, Institutes and Organizations (MIOs) strive to ensure that every visitor leaves their
venues with an understanding of one or more basic messages, a notion that they wish to
communicate. However, providing a high Quality of Experience (QoE) to MIO visitors, while

exploiting every second of a visitor’s visit time is demanding and challenging.

In an effort to improve visitors’ QoE while keeping their visiting time within their expectations,
we propose a new holistic approach based on three consecutive visit phases being: (a) “before
the visit”, (b) “actual visit” and (c) “after the visit”. Our framework provides suggestions for
creating content for MIOs while keeping visitors engagement time to minimum. For each phase
of the MIO visit we provide suggestions on (a) the visit preparation when visitor profiling can be
acquired in an effort to minimise visit time and maximize QoE, (b) the actual visit and ways of
communicating aright the MIOs basic message(s) in a matter of seconds, and (c) keeping the
interest after one’s visit and engage more visitors. Depending on visitors’ requirements we
propose visit elongation and/or message passing as approaches in different phases of one’s visit.
Visit elongation exploits visitor’s time before or/and after their visit with personalization tools
and sharing means. Message passing is preferred when visitor’s time is limited and/or visitors
are unaware of the available visit elongation tools. Message passing exploits nano-games, a novel
concept introduced for the sake of this thesis, which are short, easy to master, self-contained

games of a single level of difficulty, able to mastered within a matter of seconds.

Evaluation has showed promising results, with MIOs providing a qualitative informational
experience to their visitors. Regardless of shortness in time or of the crowds that may exist,
especially in peak hours, visitors are able to get the maximum experience possible adjusted for

their needs.
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[TeptAnym

Ta povosia €xovv w¢ Bacikd €pyo TOUG TN oLAAOYT, UEAETT, Slatripnor, Kot £ékBeon
avTikelpévwy. Ta tedevtala xpovia wotdco Exouv eEeAyDel o€ EKTALSEVTIKA, KALVOTOMN
LVOTLTOUTA, KOAVTITOVTOS TIG OVAYKEG KAL TA EVOLAPEPOVTA SLAPOPETIKWV aAvVOpOTIWY
[1]. Zuxva, ol eMIOKEMTEG EVOG HOUGELOL ElvaL ETEPOYEVEIG OUASES, OTIWG YL TTAPASELY O
OPYAVWUEVEG ETOKEPELS, HAONTEG, OLKOYEVELEG, KATL., YEYOVOG TIOU GOUVETAYETAL
SlaopeTikd kivtpa kal avaykeg emiokeng [2, 3]. MeAéteg [4-6] £xouvv beilel Twg oL
ETILOKETITEG EVOG LOVOEIOV avaPEVOUY Pl SLoKeESAOTIKT eUTELpia, AVEEAPTNTA ATO TO
kivntpo TnG emiokePng tous. Katd ouvvémewn, ta povoeio vioBetolv 0Ao Kal
TEPLOCOTEPO  TIG Yn@lakés Texvoloyieg [7-11] £€tol woTeE va TPOGEPEPOLY
SLaoKESAOTIKOUG TPOTIOUG €KPABONONG KOXAVTITOVTAG TOPAAANAQ TIS QVAYKEG KAl TA

eVSLa@EPOVTA TWV EMIOKETTWVY [12, 13].

Exté¢ amd ta povosia, vmapyxel kat TAN00G GAAWY 0pYQVICUWY Kol LVOTITOUTWY TIOU
@L0&eVoLV SLKEG TOUG eKBEDELS aE SLKOUG TOUG XWwpoug. [Tavemiotipia, abAntikol xwpot,
akoun kat pvnueia (0mwg yua mapddetypa o IMopyog tov Awped), StaBétouv ekBéoelg
TIPOKELUEVOU Ol EMOKETTEG TOUG VA HABOUY TEPLOGOTEPA YIA TNV LOTOPIA TOUG KABWG

KoL TN oVUBOAN TOUG GTNV KOWVWVIK Lag.

[Taporo mouv ta Movoeia, ta Ivotitovta kat ot Opyaviopoi (MIO) mpoomaBolv va
Stac@aiicovv OTL KGBe eMIOKETTNG ExEL avTIAN@OEL Kal katavoroel To Bactkd urvuua
™m¢ €kBeong PETA TNV eMIOKEYPN TOU, UTIAPYXOUV OULUXVA TIEPLTITWOELS OTOU OUTO &€
ovpPaivel [14]. Autd ogeidetal oto 6TL T MIO Tapéxouvv MANBWpa TANpowopiag,
avefapTa TG LapLTNTAG KoL TNG ONUAGING TNG, UE ATOTEAECUO Ol EMIOKETTEG va

APLEPWVOLV XPOVO O€ eKBEPATA TTOU SeV TOUG eVBLaPEPOLV. TETOLEG TIEPITITWOELS Elval
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TCLO GUYVEG OTAV OL EMIOKETITEG KIVOUVTAL EAEVBEPA 0TO YWPO NG EKBEONG, XWPLG KATOLA
katevBuvon 1 kaBodnynon 1 o€ opUaAdIKEG EMOKEPELS OTIOV arkoAouBoUv TNV Topeia TG
ualog. TeEAK®G, N EAAEWPT XPOVOU OAAG KOl 1] AVATIOQEVKTY KOUPAOT EMNPEGLOVY TNV
TOLOTNTA EUTIELPIOG HE OMOTEAEOUA Ol EMIOKEMTEG Vo Unv eivat mpobupol va

EMLOKEPOOVY Eava TNV €kBeom 1 va TNV TTpoTeivouy oe AAAOUG.

e wa mpoomabela eEGAeYmG autoy Tou @awvopévou, ta MIO £xyouv vloBeToEL L
TIPOGEYYLOT IOV ETIKEVTPWVETOL GTOV ETLOKETITI, LE OTOXO VA TIPOCPEPOUY KOAVTEPT
eumelpla emiokePmg. OL ekBEoelg EUMAOVTICOVTAL PE TILO EAKUOTIKO Kol SLAOKESAOTIKO
TIEPLEXOUEVO TIPOKELUEVOU VA KEVTPIOOUV TO EVSLAQEPOV TWV ETLOKETTWY TOUG, KAAA KoL
Vo TPOC@PEPOVV LA EPTELPIO VYMATIG TTOLOTNTAG KoL ypnyopns pabnong, aveaptnta
atmd To vtoBabpo kat v NAkia Tou kool Toug. ‘Evag emiokémtng pmopel va BewpnBel
WG ATIOKOULOE YVWON oV UTIOPEL va avayvwpioel yevikn 8€a tou “kpUfel” éva €kBepa
e to omolo €xel aAAnAemidpaoet [15]. Ta teAevtaia xpovia Ta TTANPo@opLaKd Tatyvidia
éxouv amodelxbel WG TPOTIHWUEVO UECO HABNOLAKOU TEPIPAAAOVTOG EXOVTAG WG
eTiKeVTPO TOV eTIOKETTN [16, 17]. OAoéva Kal TTEPLOCOTEPOL TIOALTLOTIKOL Ywpol [18-20]
TpocBETouy Tayvidia 0TI ekBEoELs TOUG o€ pia TpooTadela BeATIwoONG TNG EUTELPLAG
Kol TNG eKpaBnong emiokentwv. IMapdéAo mov Ta mayvidia @aivetal va elvar puo
UTIOOXOUEVT TIPOGEYYLOT € pia SLapKn TIPOKAN O], UTTAPXOLV TEPLOPLOUOL TTOU B TIPETEL
va AneBovv v’ oYy, Tétolo mapadetypa eival 1 ekpaBdnon tov oy vidlov, yla v
ool €vag ETIOKETMTING TIPETMEL VA APLEPWOEL XpOvo. Medéteg €xouv Seiel Tweg oL
EMOKETTEG VOGS MIO Sev alepwvouy meplocdtepo amod 90 Aemtd amd To XpOvo TOuG
otV £kBeon, avefdpmta amd To Ofua | To peEyeBoOg g [12, 21-26]. O xpovikdg
TIEPLOPLOUOG YIVETAL TILO ATIALTNTIKOG 000V APOPA TA EKOEUATA, APOV Ol ETILOKETITESG
APLEPWVOLV TIEPITIOV 2 AETITA o€ KATolo £ékOepa [27, 28]. TIpOKELLEVOL OL ETILOKETITEG VA
UTopovV v avTiAn@Bolv To Baotkd univupa piag ékBeong 1) evog ekOEUATOG 0E TOCO

OUVTOUO XPOVIKO Sldotnpa, Ba ipémetl va voBetn Bl pia véa TTpooéyyLo.
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H véa tpocéyylon Ba TIpEMEL va E0TIACEL OTIG TOPAKATW TPELG TTPOKATCELG:
o Ol EMIOKETITEG APLEPWVOLUV TIEPLOPLOUEVO XPOVo o€ pla ékBeon [12, 21-26] kat
HOVO MEPLKA AETITG ava ekBepa [27, 28].
e Ol EMOKEMTEG CUXVA ATOTUYXAVOUV VA KOTAVONOOUV TIAPWS TO UVUUA TNG
€KOEONG KL HEPLKEG (POPES (PEVYOUV UE L0 TIAPEPUNVEVUEVT 1) AavOaopevn 16€a
[14].

e Yuyvan lMowdtta ™ Epmepiag EmokéPewv (QoE) Sev eivarn BéATio,

H avTIHETOTILON QUTWV TWV TIPOKANCEWYV £ival {WTIKNG onuaciag yla v LkavoTtoinon
TV €MoKeENTWV. H amdktnon véag yvwong sival vPmAng mpotepatdnTag, 0IKA Y
EMOKEPELS UE EKTTALSEVTIKO oKOTO [29]. AV oL emlokETTEG SEV AGBOUV TO UVUUA TWV
MIO, to kivnTpo TOUG SeV EKTANPWVETAL AUTO TIPOKVTITEL GCUXVOTEPA OE TEPLTITWOELG
OTIOV Ol ETMLOKETTES CUUUETEYXOVV O€ UL OpaSIKY emiokeym (Tr.X. OXOAKEG OpASES) OOV
TIPETEL VA «TIAVE LE TN POTP» KOL VA AKOAOUVOTOOLV €Vl TIPOCUUPWVIUEVO TIPOY P,
Mia TpocEyyLon ToU eKUETHAAEVETAL KAAUTEPA TOV Xpdvo emiokeymg, evw Bondd toug
ETOKETITEG VA LABOUV KATL VED, TIPOCPEPOVTAG TAPAAANAN pla BEATIWUEVN epTELpla

emiokemg, elval ovoLAOTIKN G oNUaciag.

H xprion £&umvwv mpotdoewv mov KabBodnyolv TOUG EMIOKEMTEG TTPOG £KOEUATA TOU
eEVOLAEEPOVTOG TOUG pmopel va PBeAtiwoel Tnv eumelpla g emiokePng Toug,
SLlatnpwvTag MApGAANAQ TOV XPOVO ETIOKEYNG EVTOC TwV TPOcdoklwv Toug. Ot
€EATOULKEVUEVEG  EQAPUOYEG  UTTOPOUV VA TOPEXOLV  ATOTEAECUATIKEG  AVGELS
@UTpapiopatog 1 kaBodnynong £T1oL wote va fonBNoovV TOUG EMOKETITEG v fPOuV Kot
Vo E0TIAC0VV 0¢€ ekBEpaTa ™G apeokelag Toug. Me autdv Tov TPOTO, 1 eMiokem o€ Eva
MIO PETATPETETAL OE TIPOCWTIKY EUTELPIA, TIPOCAPUOCUEVT]) OTA EVOLAPEPOVTA, T
TPo@I(A /KL TG TPoodokies kKABe eMOKETTN. L0TOCO, | CUYKEVIPWOT] TPOTIUNCEWY
TWV ETMOKETTWV TIPETEL VA YIVEL £YKUPA KOL OE GUVTOUO XPOVIKO Sldotnua SeSopévou

TIwG 0 XpOvog emiokeymge eival meploplotikdg. H atlomoinon touv xpoévou mpv kat/1| HeETA
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™mv emiokedm pmopel va mapaTelveL TNV GUVOALKY Slapkela emiokePmg, €T evw 0
ETILOKETITNG TIPOETOLUALEL TNV eTHiOKEYT] TOV, €lTE PETA EVW HOLPALETAL TNV EUTIELPIX TOV
ue aAla atoua [30-35]. Qotodoo, n ev Adyw TpocEyylon Sev eival TAVTA EQLKTI] A@OU
TOAAEG (POPEG OL EMOKEMTEG 8 Yvwpllouv v UTtapdn epyalelwv eEatopikevong mpw
™mv emiokePn Toug, 1 Sev €xouv TOUG TOPOUG N TIG SEEOTNTEG Yl Vo T

XPTOLLOTIOL}GOLV.

['la To okoTod avTo, TTpoTelvoupe pia véa oALoTik TTpoogyylon. H mpooéyylon Bacileton
oTIS TPELS Sladoyikes paoels piag emiokeyng oe MIO, mov elvat: (a) «mpvy amd v
emiokeymp, (B) «mpaypatiky emiokeyn» kat (y) «uetd tnv emiokeym». AlG@OpPEeS
EQEUPUOYEG HTOpPOUV VO XPTOLUOTIONB0UV 0€ OTMOLXSNTOTE ATO OUTEG TIG (PACELS,
Tpokelpévou va evioyvBel 1 eumepla twv emokentwv. Kabe emdoyr mpoo@épet
SLAOPETIKA TAEOVEKTHUATA Kol UTopel va  xpnowuomowmBel o€  SLAQOPETIKES
TEPITITWOELG, WOTOOO HolpaldovTal Tov (5lo aTdxo, auTtov TG BeATiwong ™G epmelpiag
Tou emokénTn. [Ipoteivoupe emiong Toug akdAovBoUG BaoikoUg TUVAWVES Yyl KaBepia

atd TIg TpoavagepBeioes paocels:

e H mpostoypacia eivar onpavtikn aAda oyt anapaitntny (Pdon A): To
TPOPIA €VOG EMIOKETTN Umopel va oynuatiotel pwv amd v emiokemn. OL To
Kowol TpdmoL SLapdpPWoNG TPOEIA XpPNOTWY €lval Ta EPWTNUATOAOYLX KoL )
Tapatpnon. oT1d00, oL EMOKENTEG SV elval TAVTA TPOBUUOL VA APLEPDGOLY
ToV XpOVo 1] va TTaApEXOLYV TIG ATIAPAITNTES TIAT|POPOPIES OTAV ETMOKETTOVTAL £VX
MIO. Am6 v GAAN, otV TapaTHPnon XPELAlETAL Vo GUAAEXOOUV apKETE
Sedopéva TpokelEVOL va Stapop@wBel eva po@iA xpnotn. Iiotevovpe OTL M
SLapoPEWOT TOU YVWOTIKOU TIPO@IA, 1| CUYKEVIPWON EVOLAPEPOVTWY Kal M
ovvBeon Touv TPo@IA emiokeymng Tou xpnotn Oa mpémel va yivovtal pe
SLaokeSooTIKO Kol €AKVOTIKO TpoOmo. EmmAéov, mpotelvoupe tnv Topoxm

epyareiwv eEaywynG TPOCWTOTOMUEVWY TIPO@IA 0TOUG TBAVOUG ETILOKETITES
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TPV A0 TNV €MIOKEYT TOUG. ATIOKTWVTAG TO TIPOPIA Xp1jo TN TPLV TNV eMioKEYN
KoL TIPOTE(VOVTOG €EATOULKEVUEVO TIEPLEXOLEVO, OL ETMOKEMTEG B TEPVOUV TO
Xpovo Tous oto MIO mepimyoluevol ota eKOEPATH TOU TOUG EVSLAPEPOLY,
EAQYLOTOTOLWVTAG TO XPOVO TOUG UTPOCTA O€ ekelva mou Ogv [plokouv
EAKLOTIKA. Q0TO00, OTaV Sev elval ePIKTO va Slapop@wbel To eatopkevpévo
TPOPIA evog emOKETTN (TiY. AOYWw XpOVOU, TTOPWYV, SO TWV), Sev Ba TTPETEL Vi
ETNPEACETAL 1] EUTIELPLX TWV ETILOKETTTWV.

e H emniokeym sivar {wtkng onuaociag (Pdon B): K&be Sevtepdiento Tov
XPOVOU TWV ETOKETTWV €XEL onuacia kal Tpémel va aflomoleltatl oto BEATIOTO.
Ot emokenteg Ba TPEMEL va pumopolv va Bplokouv evELH@EPOV KAl EAKUOTIKO
TeplexOpevo mov Ba BonbBnoel oty katavomon tov(twv) unvopatog(wv) tou
MIO otov Teploplopévo Xpovo G eMioKEPNG TOUG. AKOUN KAL OE TEPLITTTWOELS
OTIOU 1 €EATOUIKEVOT TIEPLEXOUEVOU OEV ElVAL EPLKTI] 1] TIPAKTIKY KAL 0 XPOVOG
emlokeymg elvar meploplopévog, ta MIO Ba mpémel va eival oe Bon va
ETILKOLVWVOLV £Vva fACLKO UNVUUO GTOVG ETTLOKETITES TOUG.

e Awxtipnon tov evia@épovtog (Paomn I): Ta MIO Ba mpémet va Statnpovv to
EVSLAPEPOV TWV ETIIOKETITWV TOUG AKOUA KAL LETA TNV emioken Tous. Me autdv
ToV TPOTO, oL emiokémtes Oa elval mpodOupol va emoke@Bovv Eava kal/M va
TpoTelVvOUV TNV gumeLlpla TOUG o€ dAAoUG. H mpdTaom /mpotpomt) Tpog emiokeym
umopel va yivel péow evpéws Stadedopévwy pebddwv Kal TAATEOPUWY, OTIWS

vyl mapadelypa pe tn xpnomn twv Social Media.

AvdAoya pe TIG amalToeLg Tou KABE eMOKET TN, TpoTElVvOUUE SV0 EVAAAAKTIKEG, KaBepio

aTd TIG OTIOIEG EQAPUOTETAL O SLAPOPETIKES PATELS TNG ETIIOKEYMG:

A. Emyumkvvon entiokemg, n omoia oyvel katd T Pdosig A xat I'. Ze autiv TV
mepintwon, Ta MIO aflomolotv To XpOvo TwV EMIOKETTWY TOUG TIPLV 1)/ KAL UETA

™mv emiokePn Toug. Autd ocupPaivel OTAV oL EMOKEMTEG Yvwpillouv Kot
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XPNOolHoTolovY Ta Stabéopa epyadela eEATOIIKEVONG TPV ATIO TNV ETMIOKEYT)
TOUG 1)/Kal polpalovtal TNV eumelpla Toug e omolodnmote puéco (T.X. HECQ
KOWWVIKNG SIkTOwong) petd Tnv emiokeyrn toug. H mpocéyylon aut

Tapovoldletal oto KepdAato 2.

B. AwaBifaon punvopatog, n omoia woxVel katd ™ @don B. Avth 1 ipooéyylon
EQPAPUOTETAL OE TIEPLTITWOELG OTIOU OL ETILOKETITEG £XOVV TIEPLOPLONEVO SLaBEaipo
Xpovo. Autd LoyVel 0 MEPIMTWOELS OTIOU eV €xouv apKeTO Slabéaoiuo xpovo
Katd T Stdpkela NG emiokePng ato MIO 1 elval PEPOG pLag opuadIknG eTiokeYng
OTOV €EAPTWVTAL KUPLWG Ao TO TIPOYPAUPa TNG OpAdag. Opolwg LoXVEL KaL Yo
NV TEPITTWON OOV 0L EMOKETTEG EVEEXETAL VA UMV YVvwpilouv 1} va umv €xouv
To Xpovo 1M T 8efldomTeg va xpnogomonjoovv Ta Sabéoua epyalieio
efatopikevong mpwv kay/M HeET& TNV emiokePr] TOUG ZE& TETOLEG TEPLTTWOELS,
TPOTEIVOUUE OATIAEG OAAG EVNUEPWTIKEG EQAPUOYEG Kol gpyodeio mov Oa
xpnowomomBolv katd ) Sldpkela TG emiokemgs, TPOKEUEVOL va PeATiwOel
™v eumelpia emiokeyng tov MIO. H mpocéyylon aut Tapouvctdfetal avaAuTiKa

oto KedAauo 3.

Av Kol ol TopATAV® EVAAAAKTIKEG EMIOKEPNG UTOpoUV va  Xpnolpomolndovv
aveddpTNTa, 0 OUVEVOOHOG Kol Twv U0 UTOPEl VA PEYLOTOTOWOEL TNV TOLOTNTA

EUTELPlAG EVOG ETILOKETITN).

T T avaykeg g StatpPrg avtig, avamtviapue Vo e@appoyEs, kdbe pia amd Tig
omoleg axoAovBel Sla@opetikn evoAdaktikny. H mpwtn ovopdotnke «My Museum
Experience», 1 omola akoAovBel Tig mpodiaypaés g Emunkvvong Emiokepng, evo n
Sevtepn ovopdotnke «HEAL» kot €xel wg kUplo otoxo ™ Atafifacn unvouatog evog

MIO.

To «My Museum Experience» amoteAeital amod tpia otolyeia:
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e 'Eva mayyvidt pEowV KOWWVIKNG SIKTUWOTG TIOU XPNOLUOTIOLEITAL WG TNy
TANPOPOPLWOY TPOPIA  (YvwoTikd Tpo@id, evliag@épovta MIO kat oTuA
EMOKEPEWV) KAl WG TPOTIOG TTPOGEAKUONG ETILOKETITWV.

e Mia e@appoyn ylwa Kitd mov AELTovpyel weg e§aTopKEVPEVOG 08N YOG KATA T
Suapxela emiokeyme oto MIO.

e 'Evav oaAyoplBuo umoAoylopoU TPOTACEWV Kol £EATOULKEVHEVNG TIEPLYPOUPTS

ekBepdTwv yla kabe xpriotm.

H eEatopikevon ¢ emiokeyng Eexva mpv v mpayuatiky eniokedmn oto MIO, pe
XPNOMN TOU TaALXVISLOU HECWV KOWWVIKNG Siktvwong To «My Museum Story» (MMS)
elval éva mtayvidt oto Facebook oto omoio oL yprioteg pmopolv va Snuovpynoouvy
Sk toug e€atopkevpévn €kBeomn oe éva povoeio. Tl v amokInon ekBepudtTwy ol
XpNotes koadovvtal va kepbdicovv kdamowo amd ta Stabeoipa pive magyvidia. TIpwv
Eekvnoouv va maifovy, ol TalkTeG TPEMEL va SLAAEEOUV TOV YapakTpa Toug (avatar)
0TOo TaVISL KaBwe kat Ta Stapopa avtikeipeva/epyadeia touv BEAovv Exouv Slabéoiua.
Kdbe yopaktpag Kol avTikeipevo/epyaleio Tou SLOAEYEL £vag XPNIOTNG AVTIOTOLXEL OE
SLAPOPETIKO YVWOTIKO TPOPIA, TIAPEXOVTAG ETOL TTPOCWTOTOUEYN TANpo@opia ylx
ToV KGBe xpnotn. META TNV €MAOYT TOU XAPAKTIPA KL TWV AVTIKEIUEVWV/EPYUAEIWY, O
xpromg Bpioketal o€ £va Adelo Ym@Lako HoVoELOKO XWPO OTIOU KaAeiTtal va eTTIAEEEL T

StappuBuion tov. H emAoyn tou aut) umtodeikviel To oTUA entiokeymg Ttovu [36].

I'ia ™ cuAdoyr] ekOePATWY, 0 XPNOTNG TIPETEL VX OAOKAT|PWOEL UE ETLITUXIO KATIOLO ATTO
Ta Stabéopa pive ayvidia [37] kat va StaA€€el kamolo amd TIG EMIAOYEG TTOU TOU
Stvovtat. Ta ekBépata mou mpoTtelvovTal elval amd SLA@OPETIKEG BEUATIKEG EVOTNTES
€ToL WOTE 0 XPNOoTNG va SLaAé€el auto mou embupel. H emAoyn auth vmodeikviel ta
TPOOCWTILKA EVELAPEPOVTA EVOG XPNOTN KAL KATAYPAPETAL £TOL WOTE VA XPNGLUOTIOM Ol
apYOTEPA KATA TN SLAPKELX TNG TPAYUATIKNG emiokeyng oto MIO yia Tov UTTOAOYLOUO

TWV EVOLAPEPOVTWY TOV XPNOT.
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‘Exovtag Slafécipa To yvwoTikO TPo@IA, To 0TUA eTioKEYNG KoL TA EVOLAPEPOVTA TOV
XPNOTN, 0 CAYOPLOUOG VTTOAOYLOHOU TIPOTACEWY KAl TEPLYPAPNG EKOEPATWY SNLovpYEL
uia eEatoptkevpévn emiokePrn yx kaBe EeMOKEMTN TpoOTElVOVTOG Wi aAAnAouyia

Inpeiwv Evdiagpepovtog (POI).

la ™v mapovciaon TwV TMPOTACEWV OQUTWV OTOUG ETMIOKEMTEG, QVATITUXONKE Ml
g@appoyn ywa kwntd, to «My Museum Guide» (MMG). To MMG mpooc@épeL GTOUG
ETILOKETITEG TIPOTACELG SPOUOAOYNONG, EEATOUIKEVUEVEG TEPLYPAPEG KAL TIPOTACELG
ekBéoewv pe Bdom To TPOCWTILKO TPOPIA oL £xeL uTTOAOYLoTEL. OL Xp1)oTEG umopolV va
ouvdeBovv otov Aoyaplaoud toug oto Facebook, kat va kowvomowmaoouv v Sikr Toug
TPOOWTLKI ETioKEYT OTOUG @iAovg Toug Kat'autdv Tov TpOTO emeKkTelveTal 1)

TPAYUATIKT TOUG ETIOKEYT) VW TTPOGEAKVOVTAL VEOL ETILOKETITEG aTo MIO.

Y& mepumtwoels émov 1 Emurnkvveon Emiokeyng Sev eival Suvatn 1 xpnleL evioyvong,
umopel va akoAovBnbel n mpooéyylon Awafifacns Mnvouatos. Tl TIG AVAYKEG NG
TPOCEYYLONG QUTNG ELOAYAYAME €va VEO 0po, T vavo-mayvidia. Eva vavo-moayvidt

opiletal wg:

«&va oUvTouo, EUKOAO TIPOS ETITEVEN, AUTOTEAES TTayvidL evog Uovo emiméSov
dvokoldiag. Ipokeiuévov va StatnpnBei avvtouo, To vavo-tayvidt xel anioig
Kat Bactkols Kavoves Tov Tapauévovy avaidoiwtol kad’' oAn mn Sidpkeld Tov
Kal TPOKAAOUV TOUG TaIKTES UE oaPws KabBoplouévous oTiyovs, ot omolol
umopolv va emiteuyBovv oe Alya Oevtepiolemta. Me autov TOV TPOTO,
ETLTPETOVY OTOUG YPHOTEG TOUG VA EKUETAAAEVTOUV TANPWS TOV YXPOVO TOUG,

eLdIka otav emiokEnTovtal pia ékBsan MIO.»

Ta vavo-moayvidia xpnolHevovy o€ TEPIMTWOELS O0TIoV To MIO B€AeL va PeTA@EPEL TO
Baowkd Tou pRvupa pe amAd, SlKOKESAOTIKO TPOTO OTOUG ETILOKETTEG O Alyd

Sevtepodenta, Ywplig va xpetaletal kamota ekmaidevon 1 epmelpio. To «<HEAL» eival éva
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vavo-Tayvidt mov avamtuxdnke yia thv a&loddynon g Atafifacns Mpvouatog kat €xel
WG 0TOXO VA evnuepwBoUV oL Xp1oTES Y TN Bepameia TPWTOVIWY KATA TOU Kapkivou.
To oevaplo tov HEAL eotidlel otov tpodmmo pe Tov omolo Asttoupyel n Bepameia
TPWTOViwy, Sivovtag TANpo@opies yia ) Stadikacia amo to onpeio mov Eexva 1 Seoun
TPWTOVIWV UEXPL TO OMUEID TOU 1 AKTIVA (PTAVEL GTOV TPOOPLOUO NG, HECH OTO
avBpwtivo copa. To vavo-mtayvidt elval avemTuyuévo £ToL WOTE 0 XPNOTNG Vo
Bploketal péoa oto meplPaArov SlEmaPG, £XOVTAG OTOLXELA TOV TTALXVLSLOU SiMAA TOV
(o éva ovvodo amo 006veg) kal oTo TTdTwuUa OTov PBploketal Xto HEAL o xpriotng
Bploketal péoca oe éva LATPIKO EPYACTNPLO KL KOAEITAL VA AVTIUETWTIICEL Evav OYKO
(o0voA0 KAPKIVIKWV KUTTAPWV) 0pl{ovTag CUYKEKPLUEVEG TLUEG O Sla@opa oToXElX
eAéyyou. Ol TIHEG TOU KaAe(Tal va ETMAEEEL TIPOKELPEVOL Vo eTLTEVXOEl 0 6TOXOG TOU
TAVLSLOU YivovTal XPNOLUOTIOLWVTAS UEPT TOU OWUATOS Tou (Xépla kat modia). ITo
OUYKEKPLUEVQ, 0 XPNIOTNG TIPETIEL VX XPTOLUOTIOOEL TA XEPLX TOU YLX VAL GTOXEVCEL TOV
OYKO KOl Vo OoplogL TN owoTh TN evépyelag €Tol wote 1 Bepameia €xel emituyio.
TeAlkwg, O TPETEL VA XPTOLLOTIOWOEL TA TTOSLA TOU Kal pe pia wbnon (kKAwTtold) va
ETILTOXVVEL TN SECUN TIPWTOVIWY TPOG TOV OTOXO KOL HE TNV EVEPYELX TIOU EXEL OPLOEL

TLPOTYOUUEVWG.

Av kot vtapyouv SLa@opeg TNYES EL0080V SLABECLUES, GTH VAVO-TIatyviSila TTpoTeiveTaL M
XPNON AONTPWV KAl KOWATOTIWV XELPOVOULWV TV XpNoTtwv. Kat' autdv tov Tpomo
vloBeteltal pia SlaoONTIKY TTPOCEYYLOT EAEYXOU TWV GTOEIWY TOU VAVO-TIay VLS00
a@ov afloTolovvTal BLOAOYIKA TIPWTOAPXIKES YVWOELS, OL OTIOLEG PELWVOUVY TO YVWOTIKO
@optio [38]. AmAég kvnoetg, OTwg 1 vVAdeldn katevBuvong (Selyvw) N 1N KAWTOLG,
UTTopoLV va xpnotpomomBoly ywa tov éAeyxo otolyeiwv evdg vavo-mayvidio. H ev
AGYw T(POoEYyLoT EAXYLOTOTIOLEL TO XPOVO EKUEAONONG TOL TALYVLISLOU, AVEEAPTNTWS NG
NALKIAG 1) TNG EUTELPIAG TWV XPNOTWV Tov, SivovTag Toug TePLEGdTEPO XPOVO YLo va

ATOA)GOVV TO TraLYVIOL.
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Ov aflodoynoelg mov €ywav ota mAalowx NG Satpffnig  €deiav  aolodofa
amoteAéopata. [Iiotevovpe OTL 1] TPOGEYYLON TOV TIPOTEIVETAL CUVELCPEPEL OTUAVTIKA
oV PeAtiwon G eumepiag emokentwv ota MIO. Ta epyodela efatopikevong
TPOCPEPOUV TNV EVKALPIX TIPOCWTOTONHEVNG ETIHOKEYTG €V TA VAVO-TIoYVISLOL
TPOCEPEPOUV  [LX  YPNYOPN, OAAA TOLOTIKA evnuepwTikn epmepia. Kot ot Vo
Tpooeyyioelg, e€lval QTMOTEAECUATIKEG aveEapTNTOU TOU Slabéoipov xpovou TOL
ETOKETTY, KABWG ot epyarela efatopikevong ol xpnoteg BAETOVY T ekBEpaTa Tov
TPaypaTIiKa B¢€Aovv, evw ota vavo-mayvidia amokopifouv T pEYLOTN SuvaTth
Swadpaoctikny eumepia péoa oe Alya Sevtepodemta. Ymootnpilovue Twg eite
akoAovOnBel pia ek Twv 6V0 Tpooeyyloewv gite Yivel cuvduaopuds kat Twv dvo, Ta MIO
UTTOPOLV va SLAc@aA{GOUV TG KADE ETLOKETTNG Ba PEVYEL ATIO TOV XWPO TOUG EXOVTOG

KATAVOTNOEL To fACIKA uNVOUATH TOU I6pUUATOG.
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Introduction &
Moftivation

Museums started with an initial aim to collect, preserve, protect and display objects,
specimens and art. Throughout the years museums have evolved into educational,
accessible, and innovative institutes serving different people with different needs and
interests [1]. Museum visitors form very large and heterogeneous groups, including
students, families, individuals, etc. which implies very different visit motivations and
needs [2, 3]. With a significant portion of their visitors being scholars, researchers, art
connoisseurs and interested tourists, museums’ exhibitions should not only focus on
research and education but also on publicity and sightseeing, becoming thus centres for
education, research, enjoyment and fun. A study conducted by Sheng and Chen [4] has
showed that museum visitors highly expect an easy going and fun experience, regardless
of their motivation. Moreover, Trotter [5], Kotler et al. [6] claim that museums also

function as places for leisure and entertainment.

In order to remain viable, there is a constant need for museums to attract audiences and
find ways to understand visitor expectations and experiences, and be responsive to
various interests and needs. In this manner, museums aim to provide entertainment,
while being at the same time informative and educational. In order to achieve that,
museums all the more adopt digital technologies [7] so as to enrich the quality of the

physical context in an effort to provide a better experience, while meeting the visitors’
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needs and interests. Interactive exhibits [8-11] become more popular, day by day since

they simultaneously provide learning, engagement and entertainment [12, 13].

Except for museums, there is a high number of other organisations and institutes
hosting their own exhibitions in their venues. Universities, sport venues, even
monuments (for example the Eiffel Tower), can create or host exhibitions in order for
their visitors to get to know more about the history hidden behind them as well as their

contribution to our society.

Even though Museums, Institutes and Organisations (hereafter mentioned as MIOs)
make an effort to ensure that every visitor leaves their venues with an understanding of
one or more basic messages, a notion that they wish to communicate, often visitors
leave without a clue about what the exhibition was about [14]. This is not so much due
to a lack of information, as in many cases visitors are provided with an abundance of
information, in a MIOs’ effort to communicate through their exhibitions as much
information as they can, regardless of its significance. This leads to visitors often
spending more time on exhibits that do not quite interest them, while missing those that
do. This occurs more often in cases where visitors are left to find their way around a
MIQ’s exhibits or even when they are part of a group visit where they have to “go with
the flow”. Time restrictions or simply the tiredness that inevitably sets-in during visits,
can significantly impact visitors’ experience. As a result, visitors are not willing to re-

visit or recommend their experience to others.

In an effort to eliminate this phenomenon, MIOs have adopted a more visitor-centred
approach aiming to offer more of an experience than just a visit. Exhibitions get enriched
with more attractive, engaging and even fun content in order to not only captivate their
visitors’ interest but also provide both a high quality and fast learning experience,
regardless of their audience’s background and age. Falk and Dierking [15] support that

learning can be said to have occurred when a visitor is subsequently able to note the
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general idea behind an exhibit that has interacted with. During the last years, generic
applications and especially informational games have proved to be a great means of
knowledge acquisition and the way to go in achieving this visitor-centred learning
environment [16, 17]. As a matter of fact, increasingly more cultural places [18-20]
adopt games at their exhibitions in an effort to improve users’ experience and enhance
the learning outcome. Even though games seem to be a viable solution to a lasting
challenge, one may argue that there are numerous constraints that make adopting
games in MIOs more difficult than one may think. For example, in order for a user to be
able to play a game, one needs to at least understand its gameplay and know how to
operate its controls beforehand, meaning that a MIO visitor would need to spend more
time than initially estimated for a simple visit. Mastering the game could take even
longer as the user would have to be familiar with the gameplay in order to achieve its
goal. This gets more challenging as several studies have shown that MIO visitors spend
no more than 90 minutes in exhibitions, regardless of their topic or size [12, 21-26], and
at most 2 minutes [27, 28] in front of an exhibit. In other words, due to the time
constraint, a visitor should understand an exhibit's content and purpose in a matter of

seconds. To overcome the time constraint a new approach is essential.

Providing a high Quality of Experience (QoE) to the MIO’s visitors, while exploiting every
second of a visitor’s visit time is demanding. Using intelligent recommendations that
route visitors towards exhibits of interest can improve visitors’ QoE while keeping their
visiting time within their expectations. Personalised applications can provide efficient
filtering or guiding solutions to help visitors to find and focus on what they like. In this
way, visiting a museum transforms into a personal experience, adapted to each visitor’s
interests, profiles and/or expectations. However, gathering useful data on visitors’
preferences in the shortest time is crucial to provide them with the information they

seek for from the start of their visit.
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Since visit time constrains the visitor’s experience while in the MIO, one can exploit time
before and/or after the visit to prolong the total duration and offer opportunities for
new types of experience. The experience can be extended before the actual visit to the
MIO while the visitor prepares her trip, as well as after as the visitor shares the

experience with other people.

Hage et al. [30] presume upon user preferences and suggest a personalised visit,
optimised by walking distance and the exhibits that each visitor finds interesting. Roes
et al. [31, 32] build upon the previous work by maintaining a dynamic user model and
enriching the available palette of experiences by going online. Another approach [33]
asks visitors to fill in a short questionnaire when they are handed a PDA guide.
Throughout one’s visit, the museum tour adjusts to their answers, among which is the
visitor’'s age and time wished to spend for the exhibition. Neto et al. [34], present
another approach where museum visitors were asked to play a knowledge game after a
museum visit as an effort to increase visitors’ learning on the museum’s material and to
test the knowledge acquired during the museum visit. Vassilakis et al. [35], present an
approach which encourages its users to share their MIO experience with their friends on
Social Networks during and after their visit. With this approach the visitors’ interest

would be kept alive even after the museum visit.

Each of the above mentioned approaches offers different benefits and can be used in
different cases, all however sharing the same goal, enhancing the visitor’s experience.
Even though the previously described approaches seem promising, there are some
issues to be addressed. To start with, the above mentioned works do not specify
important elements such as the interest estimation accuracy and the effect that this has
on the performance of the routing algorithm, nor do they take into account visitor’s
personalities, for the development of the recommendation and routing strategy. We

think the latter is especially crucial, and complementary to interests. In order to provide
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attractive and engaging content, relevant recommendations especially tailored for

museum visitors should be applied.

In addition to the above, MIOs are not aware of the visitors prior to their visit. This
means that user profiling as described in some approaches can only happen as soon as
visitors arrive at the museum (as for example in [33]). While user profiling provides
valuable insights, visitors have to devote a substantial amount of their time to fill in
questionnaires, depriving them of time from their exhibition visit. Not to forget, there
are also cases when visitors are not informed about the application’s/game’s existence,
or even have minimal amount of time, resources or skills to play the game before or

after visiting the venue.

To this end, an approach providing a high Quality of Experience (QoE) to the MIO’s
visitors, while exploiting every second of a visitor’s visit time is essential. Visitors need
to leave MIOs with an understanding of what the basic message was. To achieve that,
visitors’ personal interests should be taken into account in an effort to provide attractive
content. By providing both engaging and fun content, visitors may have a good QoE and

be willing to re-visit or recommend their experience to others.

1.1 Problem Statement

To summarise, based on the previously mentioned research findings we identify the

following challenges when creating exhibition presentation applications for MIOs:

e Visitors spend limited time in an exhibition as a whole [12, 21-26] and only a

couple of minutes per exhibit [27, 28].

Page 5



e Visitors often fail to fully understand the message of the exhibition and
sometimes leave with a misinterpreted or wrong idea [14].
e Often the Quality of the Visiting Experience is suboptimal, as previously

mentioned.

These are crucial problems to be addressed, as MIOs’ aim is for visitors to come back
and revisit [39]. For destinations with an educational aim, acquisition of new knowledge
is of high priority [29] and if the visitors fail to get the MIOs’ message, their motivation is
not fulfilled. This occurs more often in cases where visitors are part of a group visit (e.g.
school groups) where they have to “go with the flow” and follow a pre-agreed schedule.
As noted in [40], failure to satisfy occurs because of the failure to satisfy those motives

of learning and the need for engagement.

Therefore addressing these challenges is crucial for visitors’ satisfaction and an
approach that best exploits visiting time, to help users understand and learn something

new, offering an enhanced visiting experience, is of the essence.

1.2 Proposed Approach

To this end, we propose a new holistic approach. The approach is based on the three
consecutive phases of one’s visit to a MIO, being: (a) “before the visit”, (b) “actual visit”
and (c) “after the visit”. Applications can be employed in any of these phases in order to
enhance visitors QoE within the museum. Each option offers different benefits and can
be used in different cases, all however sharing the same goal, enhancing the visitor’s
experience. We suggest the following basic pillars for each of the previously mentioned

phases:
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e Preparation is important but not necessary (Phase A): Visitor profiling can
be implemented prior one’s visit. Usually, questionnaires and observation is the
way to go when forming a user profile. However, visitors are not always willing
to provide the time or the information needed when visiting a MIO. On the other
hand, observation needs enough data to be collected in order for a user profile to
be formed. We believe that estimating user’s cognitive style, visiting style, and
museum interests should be implemented in a fun, attractive and engaging way.
Moreover, we suggest that potential visitors should be provided with
personalization extraction tools prior to their visit, in order to gather a visitor
profile while keeping their actual visit time intact. By acquiring the user profile
and suggesting personalised content, visitors will spend their time in the MIO
browsing exhibits of interest, minimising their time in front of those they do not
find appealing. However, when this is not possible due to tool inaccessibility,
time or skill restrictions, it should not affect the visitors’ QoE.

e Visit is vital (Phase B): Every second of visitors’ time matters and needs to be
of best use. Visitors should be able to find interesting and attractive content
which will help towards understanding the MIOs message(s) in the restricted
time of their visit. Even in cases where content personalisation is not feasible or
practical and visiting time is limited, MIOs should be able to communicate a
fundamental message to the visitors.

e Keeping the interest (Phase C): MIOs should keep visitors’ interest even after
their visit. By doing so, visitors will be willing to re-visit and/or recommend
their experience to others. Recommendation can happen through widespread

methods and platforms as for example the use of Social Media.

Depending on each visitors’ requirements we propose two alternatives, each one

applied in different phases of a visit:
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(a) Visit elongation, which applies during Phases A and C. In this case, MIOs exploit
their visitors’ time before or/and after their visit. This occurs when visitors are
aware and use the available personalisation tools in advance of their visit and/or
share their experience though any means (e.g. Social Media) after their visit.
Chapter 2 presents this approach.

(b) Message passing, which applies during Phase B. This approach applies in cases
when visitors have limited time available. On one hand, visitors may have
restricted time available when visiting the MIOs exhibition, or may even be part
of a group visit where they depend mostly on the group’s schedule. In other,
visitors may be unaware or do not have the time or skills to use the available
personalisation tools before and/or after their visit. In such cases, we propose
simple yet informative applications and tools to be put to use during one’s visit
in order to enhance their MIO experience. Chapter 3 presents this approach in

detail.

One could also exploit both of the above approaches, creating a combination of the two

in an effort to maximise the visitors QoE.

1.3 Contributions

This research makes a number of contributions to the fields of HCI, User and Visitor

Experience, and Psychology:

e A framework for creating content for MIOs while keeping visitors engagement
time to minimum. For each phase of the visit we provide suggestions on:
o The visit preparation when visitor profiling can be acquired in an effort

to minimise visit time and maximize QoE.

Page 8



o The actual visit and ways of communicating aright the MIOs basic
message(s) in a matter of seconds.
o Keeping the interest after one’s visit and engage more visitors.

e The concept of nano-games and their use in MIOs, regardless of their topic, size
and visitors.

e A direct result of this research is an entirely interactive nano-game informing its
players about Hadron Therapy. The game, named HEAL and presented in the
latter chapters, exploits the Kinect [41] sensor technologies by engaging
movement recognition. The game offers a concrete example of using gestures to
build a game which can be mastered in seconds.

e The evaluation method can be reused in order to evaluate other interactive

travelling exhibitions, with only little modifications.

1.4 Conceptual Framework

Before proceeding it is important to define each of the major terms that relate to this

work, so that the reader is able to understand the use of these terms in this thesis.
Venue: The place where an event takes place.

Exhibit: Individual item which is part of an exhibition.

Exhibition: An organised presentation and display of a selection of items.

Touring / Travelling Exhibition: An exhibition designed to be dismantled, packed,
transported, unpacked and reassembled a number of times to a number of different

places, so that interested parties can have an opportunity to visit and enjoy it.
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1.4.1 What is a “Game”’?

Giving a definition of “game” is quite difficult and complex [42]. However, efforts have
been made in order to have an understanding of what a “game” is. The term can have
either a very wide or a quite specific meaning depending on the circumstances used. For
the sake of brevity, time and space, only a handful of definitions referring to “games” are
going to be mentioned. Definitions of the terms “play” and “playing a game” will be

elided.

Abt [43] tried to give a definition of “game” as:

“.. an activity among two or more independent decision-makers seeking to
achieve their objectives in some limiting context. A more conventional
definition would say that a game is a context with rules among adversaries trying

to win objectives.”

However, the definition was considered as not appropriate since it was too narrow and
too broad at the same time, leaving out cooperative and solitaire games on the first case

and including real-life activities such as war, elections and arguments in the second case.

[44] proposed their own definition:

“Games are an exercise of voluntary control systems, in which there is a contest

between powers, confined by rules in order to produce a disequilibria outcome.”

In 1988, Kelley [45] gave his own definition of what a game is:

“A game is a form of recreation constituted by a set of rules that specify an

object to be attained and the permissible means of attaining it.”
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Parlett [46, 47] had a different perspective of games, dividing them into two categories,
formal and informal games, with the latter being “merely undirected play or ‘playing

around’”. On the other side:

“A formal game has a twofold structure based on ends and means:

Ends. It is a contest to achieve an objective. Only one of the contenders, be they
individuals or teams, can achieve it, since achieving it ends the game. To achieve
the object is to win. Hence, a formal game, by definition, has a winner; and
winning is the “end” of the game in both senses of the word, as termination and as

object.

Means. It has an agreed set of equipment and of procedural “rules” by which the

equipment is manipulated to produce a winning situation.”

Costikyan [48, 49] presented his own definition of “game”:

“A game is a form of art in which participants, termed players, make decisions in

order to manage resources through game tokens in the pursuit of a goal.”

Crawford [50, 51] proposed another definition for “game using four factors:

“Representation. A game is a closed formal system that subjectively represents a
subset of reality. (...) the game is complete and self sufficient as a structure. The
model world created by the game is internally complete; no reference need be

made to agents outside of the game. (...) The game has explicit rules. (...).

Interaction. The highest and most complete form of representation is interactive
representation. Games provide this interactive element, and it is a crucial factor

in their appeal.
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Conflict. Conflict arises naturally from the interaction in a game. The player is
actively pursuing some goal. Obstacles prevent him from easily achieving this
goal. If they are active or dynamic, if they purposefully respond to the player, the

challenge is a game.

Safety. Conflict implies danger; danger means risk of harm; harm is undesirable.
Therefore, a game is an artifice for providing the psychological experiences of
conflict and danger while excluding their physical realizations. In short, a game is

a safe way to experience reality.”

In 2003, [52] proposed his own definition of six points:

“A game is a rule-based formal system with a variable and quantifiable
outcome, where different outcomes are assigned different values, the player
exerts effort in order to influence the outcome, the player feels attached to the

outcome, and the consequences of the activity are optional and negotiable.”

The same year as Juul, [53] presented their definition of “game” as:

“.. a system in which players engage in an artificial conflict, defined by rules,

that results in a quantifiable outcome.”

While each of the definitions mentioned is different than the others, they are also quite
similar in some key points. Rules, conflicts and goals seem to be some of the basic
elements of a “game”. However, since this thesis is not intended to study the “game”
definition, we will not go through the similarities and differences of the mentioned

definitions.

Page 12



1.5 Thesis outline

In the next chapters, we will present our approaches for visit elongation and message
passing, along with some previous approaches published. Then, we describe our case
studies that took place MIOs, exploiting these approaches. Finally, we discuss the

outcomes of the case studies and make a short list of the future work to be implemented.
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Visit Elongation

Over the past years several attempts have shown that personalised applications are
promising for enhancing visitors’ experience when visiting museums. As mentioned
before, applications can be employed before, during, or after the users’ visit in order to
enhance visitors Quality of Experience (QoE) within the museum. Visit elongation refers
to the extension of a visit by using applications and tools related to the MIO before

(Phase A) and/or after (Phase C) the actual visit.

In the case of visit elongation before the actual visit (Phase A), MIOs provide
applications and tools in several ways that are accessible to potential visitors. These
applications serve a double purpose: obtain visitor profiling to be later exploited at the
actual MIO visit to enhance the QoE, and attract more visitors. Visitor profiling should
include information about user’s cognitive style, visiting style, and museum interests in

order to be later used to provide a fun, attractive and engaging visit.

In the case of visit elongation after the actual visit (Phase C), MIOs provide ways for
visitors to share the visit experience with their connections and friends. This may
happen in a conventional way with word of mouth marketing and/or by other
alternatives such as sharing experiences on Social Media (e.g. Facebook, Instagram,
Twitter, etc.). In this way, not only new visitors are attracted, but also past visitors’

interest is kept even after their visit to the MIO.
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2.1 Previous Efforts

Oppermann et. all [54] propose a guide exploiting users’ interests and their position
inside the museum, when visited. Users can prepare their tour before visiting the
museum. The selected information is then used to their actual visit to provide
supplementary content to the physical exhibits. To provide the needed information for
each exhibit, a position tracking system identifies the current position of the visitor and

updates the appropriate information on a personal digital assistant (PDA).

HIPS [55] is a similar approach, offering audio guidance by again using a position
tracking system. As visitors move within the museum, the audio guide provides
information on the exhibits using different reading styles, as if they are described from
different perspectives. The length and duration of narration are tailored to the visitor’s
movement, meaning that people who move slowly into the space get more detailed

descriptions.

Another approach presented in [33] asks visitors to fill in a short questionnaire when
they are handed the PDA guide. Throughout one’s visit, the museum tour adjusts to their
answers, among which is the visitor’s age and time wished to spend for the exhibition.
For example, in case a visitor falls behind, the tour guide will suggest exhibits to skip,
while if more time is available, additional exhibits will be recommended. The guide also
offers sharing recommendations, comments and ratings with other visitors as well as

locating them physically in the space.

Approaches [30-32] propose a museum guide where visitors create their own profiles of
interest that are later used to generate personalised tours. Before visiting the museum
users can create an online account and browse through artworks and concepts, rate
artworks, view recommendations and create virtual tours. User preferences are stored

in the user profile. When users visit the museum, they can login to the CHIP Artwork
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Recommender / CHIP Tour Wizard and be presented with a list of personalised tours. As
soon as the visitor submits an exhibit rating or alternation in their route, the guide

adapts the tour on the fly, optimising in terms of walking distance and exhibits to visit.

In [56], visitors are asked to take a quiz, either before or as soon as they visit the
museum. Through a small set of indirect questions, visitor preference information is
gathered to initialise the visitor’s profile. Based on this profile, the CHESS system
chooses the appropriate story to present to its user. Users are also able to trigger menus

and actions buttons, with which they can adjust the story to be presented next.

Other approaches include [57] using personas to augment visitor experience with
personalised mobile storytelling. Personas are detailed descriptions of imaginary people

constructed out of well-understood, highly specified data about real people [58].

[59] recommend 3D personalized route planning. Pair-wise comparisons are used for
preference judgment, indicating user preferences. Ontologies with metadata weights are

exploited in order to model user’s preferences.

GEckommender [60] is another approach, using a mobile system for personalised theme
and tour recommendations in museums, based on a digital site-map representation. Star
ratings provided by visitors for viewed items are used to calculate recommendations for

unvisited exhibits.

FIRSt [61] is a content-based recommendation system integrating user-generated
content through social tagging in a classic content-based model. Users express their
preferences by entering numerical ratings as well as by annotating items with free tags.
Tags form a folksonomy whose structure is analysed to build more precise predictions

of interests.
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2.2 Social Media Engagement

While all the above approaches are promising, they still require forming a user profile.
This can be obtained by asking directly, mainly by using questionnaires, or by
observation. In the case of museums, visitors are not always willing to spend the time or
provide the information needed. There are also cases when visitors are part of a group
visit and need to stay with their group. On the other hand, observation needs enough

data to be collected in order for a user profile to be formed.

Social media is getting all the more popular [62] with over 3.6 billion people using social
media worldwide in 2020 [63, 64]. Information shared on social media can be of great
importance as it could provide a good basis for use in personalized applications. In most
social media platforms, users have to provide some basic personal information including
their name, sex, and birthdate in order to register. As time passes and users engage
more in their social media account, they tend to give more information about
themselves and their interests. For example, preference information can be acquired
from one’s likes or reaction to comments, photos, pages, and groups. The number of
connections can also provide information about one’s personality. One can assume that
if a user has lots of hundreds of connections (friends), then the user is quite sociable.
Preference information can be also acquired from one’s likes or reaction to comments,
photos, pages, and groups. In Facebook for example, one can react to a post to express

how they feel about it (like, love, care, laughter, surprise, sadness and anger).

Keeping in mind that museum visits are short in duration, we believe that user profiling
should be implemented prior to one’s visit. In this case, valuable information will be
gathered beforehand and exploited later to personalise the visit and enhance the QoE
within the museum. In addition to that, visitors will spend their time entirely to the

exhibition(s) they wish to visit. To attract and engage museum visitors, the approach
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should be both entertaining and interesting, as mentioned above. We also agree that

user profiling information should be gathered indirectly and quickly [65].

To this end, we suggest implicit profiling formed through explicit domain-related
actions. We propose a new approach to estimate user’s cognitive style, visiting style, and
museum interests through the use of a social networks game that will be used prior to
one’s visit [66-68]. In-game preferences translated to real-world preferences will form
each user’s cognitive profile. In this way, important personal information is acquired
before a user’s visit, with their consent. This information is used to create user profiles
and compute recommendations before a museum visit. Each user’s profile will be later
used, when they physically visit the museum, to provide a personalised visit guide in an

effort to enhance QoE within the museum.

It should also be mentioned that social media is not only used before one’s visit, as a
means to gather personal information, but also during and after their visit. User’s
experiences are linked to social networks, including comments and pictures, in an effort
to engage their social network connections. In this way, users create their own visit
diaries, while sharing them with their social friends. By engaging visitors before, during,

and after their visit, we provide a holistic experience.

The above-described approach to museum personalisation is thought to improve
visitors’ QoE. User’s cognitive style, visiting style, and museum interests are gathered
through the use of a social networks and used to provide visitors with a personalized
guide to enhance their QoE within the museum. Our approach to museum visit
personalisation consists of both recommendations and adaptations and relies on three

innovative pillars:

e Implicit user profiling implemented through explicit domain-related actions.
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e Use of cognitive profiles as a visitor's representative way of thinking and
personality traits [69].

e Museum experiences are linked with social networks.

2.3 My Personalised Museum Experience

To evaluate the above approach, a component bundle called “My Personalised Museum
Experience” in the context of the “BLUE experiment of the EXPERIMEDIA FP7” project
[70] was created. In short, our approach extends a conventional MIO visit by exploiting
Social Media games that reveal visitors’ visiting styles and cognitive preferences, prior to
their visit. This information can be later used to enable personalised routing and
tailored exhibit descriptions during visitors’ venue visit. The involved components

handle recommendations and respectively personalization, and include:

e A social media game exploited both as a source of profiling information
(cognitive profiles, museum interests and visiting styles) as well as a way to
attract more visitors.

e A mobile application as a personalised electronic guide that visitors will be given
during a museum visit.

e A tailored recommendation engine and personalised exhibition descriptor,
components that handle recommendations and respectively personalisation for

each user.

» o«

In our case, the social media game developed is called “My Myseum Story”. “My Myseum
Story” is a social web-based application, developed for use in Facebook [71]. The

Facebook social media platform was chosen since it is the most popular network [63].

Based on [72], more than 800 million users play Facebook connected games every
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month. Hence, Facebook seemed to be the ideal social media network to host and
promote such a game. Throughout the “My Myseum Story” gameplay, users’ cognitive
profile, visiting style and museum interests are estimated. All three are then put in use
once a user visits the real-life MIO in order to provide a personalised guided tour and
enhance the QoE within the MIO. To supplement the social network game, a mobile
application named “My Myseum Guide” (MMG) was also developed. The “My Myseum
Guide” application offers visitors smart routing recommendations and personalised
exhibit descriptions and recommendations based on their extracted cognitive profile.
Visitors can also share their experience with their social media contacts though the “My
Museum Guide” mobile application. Figure 2-1 shows the “My Personalised Museum

Experience” architecture.

Recommend game

Facebook Invite fr_len_ds My Museum
Post on application wall Story
Share results
Log-‘;ﬂtogom Request profile
ost..
Get...
Android:
My Museum
Guide + SI +
ECC (EM) +
Geoloc 0 Request recommendation
0 Request profile N Profile Manager + Store user data
O Push recommendation Recommender
O Push profile update
OPull data \
OPush data
OEstablish connection to ECC Store profile )
ORetrieve AP map Store recommendations
( OUpdate AP map) Query user database
w

Persist dat = Database

Figure 2-1. My Personalised Museum Experience architecture.
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2.3.1 “My Museum Story” (MMS) Game

“My Museum Story” (MMS) is a Facebook game giving its users the ability to populate
their own virtual museum with exhibits. To do so, players need to play a variety of mini-
games in order to win exhibits and coins. Exhibits are used to complete the exhibitions,
while coins can buy museum expansions, unlocking and adding more exhibition rooms.
Certain objects in all exhibitions can only be collected from a physical visit at the
museum. MMS is exploited both as a source of profiling information (cognitive profiles,

museum interests and visiting styles) as well as a way to attract more visitors.

Before start playing, players need to make some decisions involving their character in
the game and the different tools and equipment they wish to carry. In particular players
decide about the character they want to use in the game, its traits, the pet following the
avatar and the tools they might need. Every character, tool and pet corresponds to
different values of the cognitive style. Figure 2-2 shows the providing options for

character and pets.

Choose your character: Choose your pet:
Name: [Albert_0001 ] | Name: [Rex |
¥ %
& &
) & =
Mad Scientist 0 _‘%
Z Dog at Monkey

Mad Scientist S

Figure 2-2. Avatar and pet choice screens.

The choice of character provides information about the user’s cognitive style. For
example, selecting the TV Persona character indicates an extravert personality, while
selecting the Alien character indicates an introvert personality. Tools and pets have
different abilities that can be used in the game. The choice of pets is also related to

different aspects of the cognitive profile (Intuition-Sensing, Extraversion-Introversion,
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Judging) and of the personality of the user. Same applies for the choice of tools, which is
related to the cognitive profile aspects of Thinking-Feeling and Judging-Perceiving.
Table 2-1 provides the list of available options users are offered along with the cognitive

profile aspect that each one reveals.

Table 2-1. List of options MMS users are offered along with the cognitive profile aspect that they

reveal.
Avatar Choices Scientist Introversion
TV-Persona Extraversion
Judge Thinking
Diplomat Feeling
Engineer Sensing
Artist Intuition
Old-wise Judging
Alien Introversion
Rapper Perceiving
Pet Choices Dog Intuition
Cat Sensing
Monkey Extraversion
Fish Introversion
Owl Judging
Tool Choices Book Thinking
Clock Judging
Disco Ball Perceiving
Heart Feeling
Museum Template Open Layout Fish visitors
Linear Layout Ant visitors
Free Layout Butterfly visitors

As soon as the player chooses the above aspects, then she can enter an empty museum
space that needs to be populated with items and decorated according to her preferences.
There are three virtual museum templates that the player can choose from, each of
which indicating the user’s visiting style, as described in [36]. The first museum
template was the open museum, which provided an open solution and it was easy to
quickly see all the objects and the available rooms. The open museum was stipulated to

correspond to Fish visitors. The second museum template was the linear museum
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layout, which had exhibition rooms and exhibits organised in a linear fashion and was
thought to be best suited for Ant visitors. Finally, the third museum template was called
the free museum and exhibitions and exhibits were placed in different spaces without a
predetermined path. The users could move as they pleased and place their exhibits
freely in the museum space. This museum template was targeting Butterfly visitors.
There are also three decoration styles to choose from (i.e. classic, modern, pop) as well

as different background music options.

Figure 2-3. MMS game screen. User has already won several exhibits.

In order to collect the items for their museum exhibition, players need to complete
successfully games of little complexity, defined as mini-games by [37], in order to win
each item. To do so, players can move in front of the empty showcases and frames and

choose between games of different types (i.e. luck, skills, knowledge, memory, brain
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games, etc.). Figure 2-3 shows the player’s game screen. In this specific screenshot, the
player has already won and placed three exhibits on the available showcases. When
starting the game, all showcases are empty. [tems are from different thematic categories
(i.e. depending on the museum exhibitions the items can be from exhibition number 1, 2,
etc.) and can be collected as awards when winning a mini game. When users complete
successfully a mini game they are offered with a set of awards in order to chose the one
they prefer to acquire. The choice of items is recorded and stored as it reveals the
player’s personal interests for the real museum exhibitions. For example, users who
decide to collect ancient statues instead of old machines and tools might prefer the
exhibition on ancient cities and civilizations to the exhibition of old machinery and tools.
Therefore, the items that the user finally chooses for their museum, should give us an
idea of their “content based” interests. By exploiting this information the mobile

application can guide them accordingly later during their actual museum visit.

Users gain experience by acquiring all the more exhibits and by expanding the museum.
An experience bar showing the user’s current experience, as well as the remaining
experience that needs to be gathered to reach next level, is visible on top of the screen.
Short instructions are available when users click the question mark icon positioned at
the top right corner. A preview of a museum map is always visible at the bottom left
corner in order for users to know their location in the virtual museum. On the bottom
right corner, users have the opportunity to enter their inventory and browse through
their undisplayed exhibits (Figure 2-4). Finally, user’s friend list is available at the
bottom of the screen, offering also the option to add more “My Museum Story” friends

from their social network.
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Display an exhibit
Play a game to win an exhibit!

Back to G ;
Categories | Up-Down I Dice Roll | Yahtzee

Inventory

D D D

Figure 2-4. Choosing a mini-game to play for a chance to win an item in MMS game.

Having player’s personal interests computed from their cognitive styles and personal
interests, both inferred from them playing the MMS game, a set of recommendations
should be available to the users during their actual museum visit. Recommendations are
issued from a base set of Point of Interests (POI) and Actions. These have been built by
analysing the available museum exhibitions and typical actions undertaken in a museum
or on social media. The number of recommendable POI depends on the museum. The
gift shop and cafeteria can also be considered as POIs in a museum. Actions range from
taking a picture over enjoying a meal to leaving a comment using the mobile application.
In order to be able to personalise the recommendation, each recommendable item, POI
or Action, carried separate descriptions for each of the cognitive profiles. As the
cognitive profile of a user is immutable, the personalisation is also stable, thus allowing

for a concrete user experience.
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2.3.2 “My Museum Guide” (MMG) Mobile Application

To present recommendations to the visitors in a succinct way, a mobile application,
called “My Museum Guide” (MMG), was implemented. The MMG computes
recommendations in the form of predictions. These are then provided in the form of a
sequence of POI to the visitor [67]. Figure 2-5 is an example of the recommendations

shown to a user for different exhibitions.

Figure 2-5. MMG user recommendation screen.

The MMG application offers visitors smart routing recommendations on their mobile
device for exhibitions as well as personalized exhibit descriptions and exhibit
recommendations based on their extracted cognitive profile and content preferences.
Users can log into their Facebook account, tying their experience with it if they choose
to. Upon logging in, the MMG will retrieve their previously stored personalised
recommendation from the server. Once computed, the sequence of personalised
recommendations will be kept up to date and relevant to the visitor’s current activity

and location. Figure 2-6 shows a visitor interacting with the MMG application during her
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museum visit. The visitor may indicate when she has visited an exhibition or completed
a recommended action. In that case, recommendations will be removed from the
recommended sequence and, exhibitions, will be available to the visitor to comment on

and attach pictures.

Figure 2-6. A visitor viewing the exhibit suggestions as recommended by the MMG application.

Visitors can also mark favourite exhibitions and other museum-related data into their
personal “Story Line”, which they can later on share with friends in their social
networks. By doing so, they extend their conventional museum visit. Linking user’s
experiences, including comments, and pictures into social networks fosters socialization
and entices interest throughout a network rather than localizing experiences to

individuals (Figure 2-7).
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Figure 2-7. User’s timeline after sharing an update on their visit to the museum. The user has also

received a message from a friend during their visit at the museum.

2.4 Visit Elongation Evaluation

2.4.1 Scenario Background

The BLUE experiment was conducted at the Foundation of the Hellenic World’s privately
owned cultural centre in Athens. Chosen as one of the three experimentation venues of
the EXPERIMEDIA project [70], the Foundation of the Hellenic World is an ultramodern
cultural Centre and museum, which fosters visitor experience through technology (e.g.

through interactive exhibitions, virtual reality tours, and educational programs).

During the experiment, visitors were able to use both the MMS and MMG applications,
part of the "My Personalised Museum Experience" application bundle. By using MMS,

users could setup their cognitive profile and preferences regarding things they like as
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well as their visiting style. This information would be used to create personalised
content descriptions based on their cognitive profile and content preferences. MMG
would later present on their mobile device this content to the users along with smart
routing recommendations for exhibitions and content to see during their actual visit at
the venue. In MMG, visitors could also mark favourite exhibitions and other museum-
related data and compile them seamlessly into their personal “My Visit”, which they

could later on share with friends in their social networks.

While conducting the experiment, visitors’ behaviour when using the “My Personalised
Museum Experience” application bundle and especially their reactions against
recommendations was recorded and analysed. After the visit, visitors filled in
questionnaires related to their Quality of Experience (QoE) providing direct feedback on

the experiment.

2.4.2 Scenario Story

Before the visit, visitors were able to play the MMS game. Visitors did not need to be
physically at the museum space to do so. The application was available through
Facebook or, after registration, as a simple web application for those users that do not
have a Facebook account. The application's goal was to extract user’s cognitive profile,
their content interests in regards to the museum exhibitions, as well as their perceived

visiting style, while entertaining them through a series of mini-games.

During the visit, visitors were in the physical space of the museum. A mobile device
running the MMG application was provided to them in order to assist them navigate
inside the museum. The mobile application allowed them to retrieve their cognitive
profile and content interests, mainly from the MMS application, and to log into their
Facebook account. The MMG application then recommended an itinerary to the visitor,

using their profile and interests, as well as some additional initialisation data (e.g. “how
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much time do you plan to spend inside the museum?”). This itinerary consisted of
different exhibitions and timeframes, determined by the content interests and time
restrictions the visitor had. In addition, the mobile application provided information on
exhibition items based on the visitor’s cognitive profile. MMG also allowed the visitor to
“keep” a digitalised version of their experiences inside the museum, by assembling
images and keeping digital notes about the visited exhibitions. The data gathered by the
visitor during their visit formulated the visitor’s personal museum “My Visit”, which at

the end of their visit could post on Facebook and share with their social circle.

After the visit, visitors were asked to fill in a user satisfaction questionnaire. They could
also share their experience (their personal museum “My Visit”) in Facebook through a
social functionality that MMG provided. Finally, if deemed necessary, visitors could be
asked to participate, if they wished, in a structured interview to measure the quality of

their experience.

2.4.3 Experiment

Four experimental sessions were conducted in June and July 2013 at the Hellenic
Cosmos of the Foundation of Hellenic World (FHW) in Athens. The total number of
participants was 30, 15 males and 15 females with an average age of 30. Of the 30
participants 6 people visited alone, 17 with one or more friends, and 7 with family
members (there were also two children visiting with their parents but they were not
included in the sample due to legal constraints). Consistent with the literature
describing how people usually visit museums in a group (Antoniou, 2009), our sample
also reflected this trend. In addition, data collected from participating families is of
significant value as data regarding family museum visit behavior is scarce. The

experiments were advertised on Facebook (through researchers’ personal pages asking
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friends to share). Thus, almost all participants found out about the experiments on the

social network and responded through it.

The experimental procedure required invited visitors to first play the MMS Facebook
game, then visit the museum and use the MMG mobile application (Figure 2-8), and
finally fill in a questionnaire. The experiments provided data that could be used to
evaluate the experiment both qualitatively, since there were many open-end questions,

and quantitatively.

Figure 2-8. A visitor interacting with an exhibit as suggested by the MMG application. Visitor is

holding the tablet running the MMG application during her visit.

Visitors were free to play with the MMS game any time before their visit. For those that
did not do so, laptops were available on site in order to play MMs just before the visit.
Participants having already played the MMS game were provided with a tablet running
the MMG application as soon as they entered the museum. MMG application allowed its

users to log into their Facebook account, tying their experience into their social network
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if they chose to. Upon logging in, personalised recommendations were retrieved from
the “My Personalised Museum Experience” server. The personalised itinerary, including
a sequence of recommended POIs, was kept up to date and relevant to the visitor’s
current activity and location. For each POI, the visitor had the opportunity to comment
and attach pictures, hence building their own visit diary. They could also indicate when
they had visited an exhibition or completed a recommended action. At the end of their
visit, visitors could choose to upload their visit diary on social media (i.e. posting their
itinerary and pictures, including comments, as Facebook status and gallery). After the

visit, participants were all asked to respond to a questionnaire before leaving.

2.4.4 Facebook Game Results Analysis

2.4.4.1 Gameplay Choices

All participants, apart from 3 that did not have a Facebook account, had played the MMS
Facebook game. From the 9 available avatars in the game, three were never chosen (TV
persona, Diplomat, Rapper). From the remaining 6, the Mad Scientist was the most
popular since 7 people chose it. This clear preference might be due to the position of the
item in the game’s selection screen, since it was the very first avatar (Figure 2-2). As for
the available pets, Goldfish was never chosen. The dog was the most popular being
chosen by 14 people. From the tools, the Book was the most popular (14 choices). Both

the Dog and the Book were the first items in each selection screen.

The clear preference for the first items in each category observed, could be explained by
the known preference of the western world users for the top left corner. For this reason,

any new version of the game should vary the position of the items in the choice tables.

Despite the “first item” preference, participants were asked to explain the reasons for
their choices. As it was found during pilot testing, the pictures of characters, tools and

pets alone were not sufficient to stress the main feature we would like people to look at,
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i.e. the one related to a cognitive style dimension. In order to increase the success rates
of the pictures chosen, a short sentence was be placed under each picture to show users
the main characteristics of each character, pet and tool. For example, the Diplomat
picture should be accompanied with the text “I like to avoid conflicts”, as the concept of
a diplomat might mean different things to different people. From the participants’
answers it was clear that this practice was very useful and people did read the text in
order to make their choice. After all, 15 out of 20 people explicitly stated that their

choice of characters/pets/tools reflected their personalities.

2.4.4.2 Gameplay Usability

Most users did not face any problems while playing the game. In addition, 26 out of 27
people reported that the game was easy to play, 24 out of 27 said that they enjoyed the
game and most people managed to collect exhibits by playing with the average number
of exhibits per player being 7. Almost half of the users invited their Facebook friends to
play the game (13 out of 27) but only 8 out of 27 reported their scores on their profile
on Facebook. As for improvements, most participants suggested that the game graphics
could be enhanced (some found them old-fashioned). Additionally, some participants
mentioned that they had navigation problems, although a map was used in the game to
show players their exact position within their museum. As for other points for
improvement, a few people said that the mini-games were easy and they would prefer
more difficult ones, while others suggested adding a short description to each game. One

participant suggested adding a tablet version of the game.

2.4.4.3 Estimation of Cognitive Style by Facebook Game

One of the main hypotheses of the present study was whether a social networks game
could reveal people’s personality traits, amongst them the cognitive style. In particular,
there are 4 dimensions of opposing traits: Extraversion-Introversion, Sensing-Intuition,

Thinking-Feeling and Judging-Perceiving (following the MBTI classification). For
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Extraversion-Introversion, the game correctly estimated this dimension with 69.2%. For
Sensing-Intuition the success rate was 58.8%, for the Judger-Perceiver 77.7% while the

lowest score was for the Thinking-Feeling dimension with only 55%.

The game could in many cases correctly estimate player’s cognitive style, with success
rates of 55% to 77.7%. This seems promising as this estimation was reached after only
three choice screens (Character/Pet/Tool). We believe that the game is moving in the

right direction and more features need to be included in order to make it more accurate.

2.4.4.4 Prediction of User Interests by MMS Facebook Game

21 out of 23 participants reported that their choice of exhibits reflected their actual
museum interests (91.3%). The MMG application used information from the MMS game
and people’s exhibits choices in order to suggest exhibitions. People reported their
preferences for the 8 exhibitions available at the FHW. Comparisons between the MMG
recommender ratings in a 5-star rating scale (Figure 2-5) and the users’ self-reports on
their interest levels showed that user interests were adequately predicted and MMG

suggested best suited exhibitions.

Regarding the choice of exhibits, only one person reported choosing items from all the
available categories, and one more claimed having not really thought about it. All other
participants made conscious choices of exhibits, picking them according to their

interests, and had clear reasons for their choices.

Despite the fact that for copyright issues the images were processed and were not very
clear, users’ choices did not seem to be largely affected in the MMS game. It also seems
that a game that uses such features can accurately predict people’s interests inside the

museum.
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2.4.4.5 Prediction of Visiting Style by Facebook Game

Most participants reported a preference for an Ant visiting style in museums. Three
museum templates were used in the game, since it was hypothesized that they could
reflect visiting style preferences. From the available museum templates, most people
chose the free museum (11 people), 10 people chose the open museum and only 1 chose
the linear museum. When the museum templates choices in the game were compared to
the interview questions about visiting style preferences, it was found that visiting style
was correctly predicted from the template choices in 6 cases and wrongly predicted in

16 cases.

It was thus found that we could not accurately predict the preferred visiting style of
visitors by simply using their game template preferences. However, the nature of the
images used in the game might have affected users’ choices. This is because some
participants reported during the interview that the shape of the museum template was

very important for their choices, more than the practicality of that template.

In an effort to avoid the issue of image aesthetics, in a next game version, the templates

will need to be very carefully designed.

2.4.5 On-Site Results Analysis

Below the analysis of the results achieved from the experiment conducted at the

Hellenic Cosmos of the FHW is presented.

2.4.5.1 QoE: Overall Satisfaction and Evaluation

A big proportion of the participants, 73% (11 out of 15), reported following the
recommendations as suggested by the MMG tablet application. When asked about their
overall feedback about MMG, 75% (15 out of 20) of the participants were very positive

about its use, and only 10% (2 out of 20) mentioned that MMG should provide more
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information. Participants were also asked if they would prefer to visit the museum with
or without the MMG recommender. 82% (22 out of 27) of the participants answered
that they liked having the tablet running the MMG application and the quality of their

experience was enhanced.

Participants also expressed the importance of seeing all relevant exhibits in a museum
and not miss information important to them (4.6/5 star rating). Avoiding visitor traffic

and effective movement patterns scored less with a 3.9 out of 5 star rating.

2.4.5.2 Success of On-Site Recommendations

When participant’s self-reports were compared to the MMG tablet application
recommendations, it was found that from the total of 250 recommendations, MMG was
successful in 57.9% of the times (average success rate). However, when individual
categories were studied separately, MMG was particularly successful to suggest certain

types of exhibitions like Ancient Cities (61.3%) and Biology - Darwin (65.2%).

It is interesting to note that MMG was also suggesting activities like a short break at the
museum café or gift shop. These recommendations were not based on the individual
profiles but only on the exhibitions time schedules and gaps between shows, as FHW

hosts numerous 3D movie exhibitions.

2.4.5.3 Photo Option and Online Visit Sharing

Using the MMG tablet application, users could take photos from their visit and upload
them to their Facebook account. Although only 39% (9 out of 23) of the participants
answered that they would upload these pictures or that they already had, at the end of
the interview when asked about their general views of the experiment, most people said
that they really liked the photo feature and most took pictures using the tablets during
their visit. The finding is not contradicting, since people might want to document their

visit, but not publish it on social networks, to protect their privacy. In addition, our
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average participant age was 30 and older adults might have a different approach to
privacy issues than younger adults, especially regarding information shared on social
networks. Nevertheless, the photo option seemed to be useful and well liked. The only
addition would be to provide the option of sharing the information on Facebook or

keeping it for personal use.

2.4.5.4 Tablet Usability

Almost all users stated that the MMG tablet application was very easy to use. Only one
said that it was sometimes not so easy. All (100%) of the participants explicitly stated
that the application was enjoyable and 90% (19 out of 21) of the users mentioned that
the information was presented in a satisfying manner. When asked if a map would be
useful, 74% (17 out of 23) of the participants agreed. While the MMG featured a map, it
was not activated due to an unresolved problem as to how best switch floors when a
user transits between floors within the venue. To not confuse users, it was chosen not to

display a map.

Participants were also asked if the recommendation notations were clear and if they
would make any changes. Most participants were satisfied with the notation system
used (i.e. stars for each exhibition). One participant mentioned that he did not realize
that these stars were the recommendation’s scores and another said that perhaps a bar

with percentage of interest would be more useful than the stars.

Finally, all participants were asked about other information they would like to have. The
most frequent requests were a map, more pictures from the exhibitions, and three

participants requested a feature to rate exhibitions themselves.

2.4.5.5 Effect of Personalization and Content Adaptation

Although all content provided to the users was adaptive and prepared for the different

cognitive styles, the users did not realize this adaptation. Although they were happy
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with exhibition descriptions, most of them did not realize that their partners and friends
had different descriptions and often they did not open the content pages that provided
more in depth information for each exhibition. Actually, only 6 out of 23 checked their

friends’ screens and saw that there were different stars provided to different users.

The observations are consistent with literature describing how users do not read text
[73]. It seems that adaptive content, at least in the form of text, is not necessary as users
do not read the description. However, users did notice the pictures used for the different
exhibitions and some asked to have more pictures from each exhibition. This
observation might imply that adaptive content is relevant but in alternative forms to
text, like audio or visual content. However, further research is required to determine
which form of adaptive content is best suited for the different types of visitors by

cognitive styles.

2.4.5.6 Group Visitors Evaluations

Since most museum visitors visit in groups, it was important to record group visitors’
behaviour with the MMG tablet application. Participants were asked to describe their
behavior within the museum and whether they did what MMG suggested or followed the
group’s wishes. Only one participant mentioned that he would not follow the group and
continue with his personal preferences as reflected on the MMG suggestions. Similarly,
only one person said that he only followed the group’s decisions. It seems that most
group visitors tried to combine different suggestions for the different group members
and proceed accordingly. However, the situation was very different for participants
visiting with children, since they all said that they only did and would do what the child

wanted.
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2.5 DISCUSSION

The two applications developed within the framework of Experimedia Blue were tested
with real users at the FHW in four separate sessions. The sampling processes replicated
the processes the museum could apply in order to attract new visitors, advertise
exhibitions, and collect relevant information for user profiling. Having used Facebook
for sampling purposes, the networks efficiency was also observed since people

responded.

Users found both applications to be highly usable and enjoyable. As users mentioned, it
was very interesting to link people’s personalities and actions prior to the visit with the
physical museum visit. The novel approach of using a social networks game for museum
visitor profiling was successful in numerous ways but most importantly because it
opens a road towards the exploitation of the vast quantities of information available in
social networks and its use in adaptive technologies. Overall, visitors QoE has been
enhanced and their final impression within the museum was very good. Roughly, 82%
liked using the tablet with the MMG application, 75% had a positive impression using

the MMG recommender and 73% actually followed the recommendations.

Those results, despite an average precision of recommendations of 58% (on exhibition
ratings, on a 1-5 scale) are very encouraging knowing the constraints induced by the
museum venue and the little amount of data exploited for profiling users. With the MMS,
we were able to show with a high success rate (91% resp. 67%) that user interests and

cognitive style could be predicted from a simple game targeting museum topics.

Evaluation showed that the MMS Facebook game can reveal players’ cognitive styles.
The data collected in the study provided partial support for the above hypothesis. As
discussed above, this first version of the game only explored the possibilities of a game

that could reveal cognitive styles. There were clear tendencies towards this direction
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that definitely require further development. The game only used three screens to
calculate players’ cognitive styles. We believe that different features that should be
added to the MMS game that can provide further information and possibly more
accurate results. The main challenge for designing the MMS game was to identify the key
pictures to best reflect the different dimensions of the cognitive style. Keeping in mind
that for the proper estimation of cognitive style, a highly trained psychologist should
interview a person over a significant amount of time, the MMS game had to significantly
accelerate this process by reducing it to item selection in only three screens. Considering
the above, the results were more than satisfying and promising for further development.
In addition, this is a highly novel approach, not simply because it attempts to estimate
users’ cognitive styles from a simple game, but also because information from social
networks can be used in a user profiling process in adaptive systems, whether these will

be used in cultural heritage, education, etc.

The MMS Facebook game can also predict players’ museum interests. Most users
reported that they chose items that reflect their personal interests and not simply
because of item aesthetics or image quality. Information deriving from social networks
can be particularly valuable. Knowing users’ interests information can be tailored and
directed accordingly. In particular, museums can use this information to target specific
groups in order to advertise different exhibitions but also in order to support the actual

museum visit by significantly enhancing the visitor’s QoE.

In addition to the above, the MMG recommender can provide the best-suited exhibitions
for each user. Based on the game data, MMG was indeed successful in providing the most
appropriate exhibitions to the different users but for some and not all exhibitions. So far,
MMG has been designed for single visitors, focusing on individuals and single cognitive
styles. However, as known from the literature but also observed during our

experiments, visitors usually visit in groups. MMG could significantly increase its success
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rates by combining the information of the individual cognitive styles and the
information about the group members in a single visit. For example, exhibition 1, 2, and
4 will be the best for user X. Knowing that X is visiting together with Y and their
favourite exhibitions would be 1, 2, and 5, MMG could suggest exhibitions 1 and 2,
informing the users that these would be the best choices for their group. These future
additions would hopefully make it suitable for group visits, hence, targeting a known

technological problem faced by museums regarding group visits and provided content.

However, evaluation did not show that Facebook game players’ choices of museum
templates can reveal their preferred visiting style for a physical museum. The main
reason seems to be the aesthetics of the images used, since certain images seemed to
attract the majority of preferences. Attempting to capture the preferred visiting style
before one’s visit seems to be a very demanding task and alternative ways should be

further explored. This is a field for future exploration that remains to be studied.

2.5.1 Challenges and Limitations

The Experimedia Blue team faced numerous challenges during the design,
implementation and testing of the applications, mainly due to the nature of the venue as
the FHW is not a traditional museum hosting object-based exhibitions. In addition, the
content of the exhibitions was highly targeted at students. The information was
simplified and generic, mainly in the form of 3D movies. Only one exhibition was using
interactive technology to present environmental issues. The layout of the museum and
the nature of the exhibitions (i.e. highly targeted, film form, specific time schedule) have
affected the outcome of the experiments since none of the users was of school age. Most
users were adults invited through Facebook and they found the exhibition content of a
school level, even childish. This had enormous implications on the present work, as,

although someone might like Biology, they could give the Darwin exhibition a low mark
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because it was not of the desired depth. Combined with the fact that most users did not
access, read, or even notice the adaptive content, adaptivity at this level might not be
meaningful. Adaptation is something to be considered beforehand, to cater for different
target groups and different views or interpretations of the exhibition’s message. Altering
text-based information does not have a strong effect on the experience. However,
recommendations are certainly useful. Given that the museum was a small one with a lot
of limitations on the visit (hours, presentations, ticketing policy) the overall visitors’
feedback is positive. For a large museum, with lots of exhibits (more than what an
average visitor would be able to view in a day’s visit) and more freedom of movement,
the impact would have been even greater. In larger museums, such a system would be
particularly useful since it would allow curators to know visitor interests before their
visit, suggest routes inside the museum to avoid visitor trafficc and provide

opportunities for both visitors and museums to connect the visit with social networks.

The results obtained in this first experiment indicate interesting tracks for future
investigations. However, the small sample used in the experiments (N=30), raises issues
of experimental validity. We can assume low external validity for the general population
for two main reasons. The small sample size is the first, although the results were
obtained using non-parametric statistical methods, which are appropriate for limited
samples. The second is the fact that participants in the experiments were not randomly
selected, since they were Facebook users and in one way or another connected to the

experimenters, as experiments were announced through their Facebook accounts.

To conclude, regardless of the validity issues of the present work, the results obtained
can be viewed as strong indications towards the direction of using social network data
for profiling purposes and visit adaptivity. By using non-parametric statistical methods

the researchers tried to eliminate issues of validity emerging from the restricted sample
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size, making us view the results as possible manifestations of relations between social

network data and cultural heritage visitor experiences.

In general, Experimedia Blue proposed to combine cultural heritage, social networks
and people’s personalities in a unique way. A new door opens in the exploitation of the
available information in social networks for adaptivity purposes. The uses of such
practices can be numerous and remain to be studied. Moreover, the users found the
approach engaging, entertaining and promising. The popularity of social networks and
social network games make it an excellent field for use in cultural heritage. Finally, the
present study showed that certain improvements of the two applications (My Museum
Story and My Museum Guide) could significantly improve the quality of the visitors’
experiences by: predicting cognitive styles more accurately, providing even better
recommendations, and combining existing information and individual profiles with

group visits and family visits.
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Message passing:
The Nano-Games
Approach

Every second of visitors’ time matters and needs to be exploited to its best to offer a
unique and memorable experience. Time spent in exhibitions is limited to 90 minutes,
regardless of their topic or size [12, 21-26], while each exhibit gets only 2 minutes of
attention [27, 28]. This gets even more challenging in cases visitors are part of group
visits, when they need to “go with the group flow” and “follow the schedule”. Due to this
time restriction, MIOs need to make sure that visitors are able to find interesting and
attractive content which will help towards understanding the MIOs message(s) in the
restricted time of their visit. Even in cases where content personalisation is not feasible
or practical, MIOs should be able to communicate their fundamental message to their
visitors. As [10] mention, it is possible that visitors may learn from an interactive exhibit

despite spending only a short duration of time interacting with it.

The previous chapter, Chapter 2 described the use of games for the overall visit-time
elongation. However, there are cases when visitors are not aware of the game’s
existence or do not even have the skills or time to play before and/or after their visit. In
such cases, we propose games to be put to use during one’s visit in order to enhance
their MIO experience. Although this seems like a promising way to go, adopting games in
the manner we know, can lead us to the same dead-end as before. This could happen
since games in general take time in order for someone to understand the gameplay and

become able to play, regardless of whether or not achieving the game’s goal. As a result,
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a different approach that minimises the total duration of a game play, while focusing on

the specific messages a MIO wants to pass to its visitors, is necessary.

Micro-games have been explored by other researchers [74-77] and can offer a solution
to the time constrain since they are relatively simple and do not require special skills to
play while challenging their players with clearly defined goals reachable within minutes
of game-play. In a study [75] that took place at the cities of Prague and Kladno in the
Czech Republic, the mean time of user interaction with the game was 20 minutes. When
placed in a MIOs exhibition, a single game could be considered as an exhibit. Having in
mind the total time spent by visitors in exhibitions, even though it seems promising, one
can straightaway realise that if a micro-game approach is adopted, then there is a high
risk of visitors not giving the expected attention to the rest of the exhibits, especially if
more than one micro-games are in place. In addition to that, the number of visitors tends
to increase when the size of MIO is larger, meaning that more visitors will need to spend
time interacting with a single exhibit or game. This gets even more difficult when groups
of visitors enter the MIO exhibition at the same time. In these cases a solution would be
to offer games that enhance the visitors’ experience and communicate some
fundamental message, but do not require much available time to play and even less time

and skills to learn how to play.

To this end, we introduce the concept of nano-games [78]. We define nano-games as
short, easy to master, self-contained games of a single level of difficulty. In order to keep
them short, nano-games have basic and direct rules that stay unaltered throughout the
play and challenge players with clearly defined goals reachable within tens of seconds of
gameplay. In this way, they allow their users to fully exploit their time, especially when

visiting a MIO exhibition.

By exploiting nano-games, visitors can comprehend the main message the MIO wishes to

pass in a matter of seconds, with no need of training or experience. Nano-games can be
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used either in cases where visitor profiling is possible or even as supplementary

material.

3.1 Designing a Nano-Game

When designing a nano-game, one should always keep in mind to make it simple; yet not
simplistic. This means straight to the point, clear and concise. The main message(s) that
needs to be delivered should be straightforward, presented in a simple way that even
someone with no background knowledge would understand. To achieve that, one should
focus on a couple of main points the game should promote. Including more information

can complex the main message(s), leading to misunderstandings.

Keeping the nano-game simple is not only about its message, but about its entire
mindset, including gameplay and controls. In this way, users will be able to soon learn
how to use the game, accomplish its goal and ultimately conceive its main message(s). In
order for a game to be simple, users should be able to understand the gameplay and its
goal in a matter of tens of seconds. The more complex the game is, the longer it will take
its users to learn how to play and therefore achieve the game goal. By keeping the
gameplay easy and simple, users are able to quickly acquire the primary familiarity with

the game [38], heading towards to its mastering.

Keeping a gameplay simple is not however enough in the case of MIOs. There are plenty
of simple games that take place in more than one levels, often changing their gameplay
and goals from level to level, while keeping them simple. While some may argue that
such cases may serve the need to pass multiple messages to the users, one on each level,

it is quite time-consuming for their users to adjust and learn over both the gameplay and
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maybe even their controls. Nano-games keep it simple as single level games with

unaltered gameplay and controls.

Gameplay plays a fundamental role on how simple a game is. However, one should not
forget the importance of game controls. Even though the gameplay may be easy and
simple, the controls can be hard enough to use, eventually causing users’ frustration.
Difficulty in game controls can refer to the concept of the control gesture, or to the

input/output hardware used to control the game.

In the first case, users are able to handle the controller but the task needed to complete
in order to control the game is too complicated to be executed. Also, in many cases the
games encompass a variety of tasks that can be executed, meaning that more controlling
mechanisms need to be engaged. For example, in a first-person shooter game, users
have to control the avatar direction, choose weapon, fire their equipment, run, hide, etc.
For every one of the previously mentioned tasks, there is a corresponding control. In
order for users to be able to achieve the game’s goal, they should be able to learn all
game controls, thus making it more complex than a game where a user has to only learn
2 or even 3 controls. Although it is difficult to establish the ideal number of controls,
increasing the number of controllers that the user has to learn to operate, may also

increase the game’s complexity.

In the second case, controllers can be difficult to use or do not respond as their users
would expect. Almost always, input controllers such as joysticks and gamepads are used
as they are easy to learn, due to their popularity to the public, minimizing the time and
effort to learn how to operate them. In the case where such equipment is used, the
hardware should be not only robust, able to withstand everyday and heavy use of
visitors, but also easy to maintain and minimise the possibility of health risks; especially
with the latest developments on the COVID-19. In the case of nano-games the selection

of input controllers can be of outmost importance. While the requirements for typical
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interactive application like the need for rigidity and ease of maintenance still hold for
nano-games, the minimised playtime adds extra requirements in the areas of ease of
learn and use. To overcome the above constraints and risks, another option would be to
employ sensors and use the visitors’ common gestures as a controller for game input.
With this approach, users would exploit their biologically primary knowledge to reduce
the unnecessary cognitive load and enhance the actual learning [38]. Simple moves such
as pointing or kicking towards a direction can be used to control game elements in an
effort to minimize the learning period as well as adopt an intuitive way of controlling the
game, regardless of ones age or game experience. This alternative makes a noteworthy

difference in the total time of game commitment.

If all the above requirements are fulfilled, one could presume that easiness constitutes to
the nano-games’ shortness. In other words, if a game concludes fast and is easy to learn,
users will be able to play within seconds. To achieve that, nano-games should also be
easy and simple to play, meaning that users should be able to understand how the game
is played and mastered. In addition to that, users should be able to accomplish the nano-
game goal fast. In this way, they will not only feel satisfied for their achievement, but
also quickly get the full idea behind the nano-game. One should not forget that a nano-
game should be both informational and triggering meaning that is should pass the main
message(s) in a matter of seconds while provoking its user’s interest to further look into

more on the subject that the nano-game is about.

A nano-game should also be attractive and engaging in order to have high attraction and
holding power as defined by [79-81]. As [82, 83] state, a game has to be challenging in
order even for those who have accomplished its goal within seconds, to be able to
perform better when playing again. Goals whose attainment is uncertain are essential
for a game to be challenging. A game should also be fun and entertaining. However,

when designing a nano-game for a MIO exhibition, one should also take into
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consideration that the game should be fun and entertaining without upstaging the

educational or informative part of it.

In case of nano-games hosted in MIOs, one should first think the target group to which
they refer. MIOs tend to be a place where diverse groups gather. However, there are
cases where MIOs are targeted mostly to specific groups, as for example art galleries. In
such circumstances, the main characteristics of their visitors should be taken into
consideration. Age, experience in using games, or even physical status are critical

characteristics when designing a nano-game for a MIO exhibition.

Last but not least, it is strongly suggested that nano-games in MIOs are completely
independent of human guide presence. Especially in large exhibitions where lots of
visitors pass through the exhibits, guides may be unavailable at a specific given time
(talking to other visitors) or even following a personalised presentation when
presenting an exhibit depending on their experience as guides. As a result, each visitor is
presented with a different approach, depending on the guide’s profile. In order for every
visitor to get the exact same information as the rest, we suggest that the game “presents”
itself, with clear-to-follow instructions and information on its topic. As a side effect, the

MIO hosting the game would save some costs as well.

All the above requirements should be fulfilled based on the main message(s) a MIO

needs to pass to its visitors.

3.2 Focusing on the message to pass

Identifying the message to pass and selecting a suitable metaphor can be a great

challenge. To receive these decisions, a team of experts on the MIOs subject and
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designers is of the essence. First, experts have to come down to a main message(s) that
can be written in a single phrase. A suitable metaphor should be decided, while keeping
in mind not to convey dubious or wrong messages. Other, secondary messages can be
written down to see if the selected metaphor can cater for them, without obscuring the

main message(s).

Early evaluation of the designed prototype, even as a mock up, is of utmost importance
in order to avoid unwanted messages. One has to also remember that the selection of
graphics can greatly help in that notion. Simple, intuitive graphics have to be selected
and unnecessary clutter has to be avoided. New users, who have to learn the game in
tens of seconds, need to get information for the task they have to perform, supported in

focusing on it. Users should not get distracted with additional, unnecessary information.

3.3 Putting Nano-Games to test

Offering the maximum interactive experience possible in a matter of seconds, while
ensuring that every visitor leaves with an understanding of what the venue wished to
communicate is quite challenging. Time and background knowledge constraints make it
difficult to come up with a feasible approach. However, nano-games seem to provide a

light in the darkness.

To put nano-games to test, an experiment as well as an evaluation was essential. To
make sure that the nano-game approach would endure loads of users in a short period
of time, we sought for a popular MIO that attracts a variety of visitors, regardless of their

background knowledge.
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3.3.1 CERN

The European Center for Nuclear Research, called CERN [84], is an international
research facility of great importance. CERN is located on the border of Switzerland and
France, currently being the largest particle physics laboratory in the world. Operating a
network of the world’s biggest and most complex machines, CERN’s main focus is the
study of the smallest constituents of matter — fundamental particles. Particles are the
minute fragments from which all matter in universe is made of. In order to be able to
study them and, consequently, unravel the basic laws of nature, these minute particles of
matter are being accelerated to a fraction under the speed of light and then forced to

collide with a rate of more than 1 billion times per second [85].

CERN operates several accelerators and one decelerator in a building complex that
straddles the Swiss and French border. Accelerators are devices accelerating particles,
such as protons and electrons, at very high speeds and energies while decelerators are

devices slowing down particles.
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Figure 3-1. The CERN Accelerator Complex Illustration.
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Everything starts from a simple bottle of hydrogen gas. Hydrogen atoms get stripped
from their orbiting electrons in order to yield protons. Then, these protons are injected
into a sequence of machines with increasingly higher energies. Figure 3-1 shows CERN’s
sequence of accelerators. Sets of particle bunches moving in the same direction at the
same time, called beams, are injected from one machine into the next one, getting all the
more speed and energy until they reach a speed close to the speed of light
(99.9999991%). The last machine in this sequence is the Large Hadron Collider (LHC)

accelerating particle beams up to the record energy of 7TeV.

The Large Hadron Collider (LHC) is a 27km long ring located in a depth of 100 meters
below the face of earth and consisting of superconducting magnets and a series of
accelerators. The LHC is the world's largest and most powerful particle accelerator
being operated nowadays in an effort to unravel the mysteries of the Universe. Inside
the LHC, beams are travelling in opposite directions and are forced to collide in
determined places where humongous machines, called detectors, have been constructed
to study what new particles are formed from the high energy. These places are called

experiments.
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Figure 3-2. Overall view of the LHC experiments.

Seven experiments sit underground in huge caverns on the LHC ring; ALICE, ATLAS,
CMS, LHCb, LHCf, MoEDAL and TOTEM. Figure 3-2 shows the locations of the
experiments on the LHC ring. Each of these experiments has detectors, machines
gathering information, such as speed, mass and charge, regarding the beam collisions
happening inside them. This information gets transferred the CERN Data Centre, where

each collision gets digitally reconstructed and, compared to actual collisions.

Having a great history in the field of particle physics, CERN has attracted increasing
interest during the past few decades (Travellers’ Choice for 2020 as voted in Tripadvisor
[86]) from scholars, researchers and tourists. As a matter of fact, more than 110,000
people visit CERN per year [87], a big portion of whom are under-informed, trying to
find out more information about the organisation and figure out what its purpose is to
the community. In order to provide visitors with the information they are seeking for,
various visit points as well as a permanent museum exhibition called Microcosm, are

available to the public.
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While the various visit points are spread around CERN, Microcosm is located in one of
the two main sites of CERN, Meyrin, Switzerland. The museum provides its visitors with
an introduction to CERN and particle physics. Due to the lack of background of most of
its visitors, CERN tries to provide simple and easy to understand content using different
means. Images, videos, interactive objects and applications are used in an effort to

present CERN’s purpose simplified, without losing neither the significance nor the

deeper meaning of organisation’s existence.

Figure 3-3. CERN’s museum, Microcosm.

Despite Microcosm being open to the public Monday through Saturday, the number of
people desiring to visit CERN cannot solemnly be satisfied by its main exhibition,
Microcosm. Hence, there are cases were visits have to be scheduled even one year in
advance, if a time slot is available. In addition, not everyone can travel to CERN and have
the opportunity to explore it. Long distance and insufficient financial capability can be
two of the most common reasons for people to not be able to reach CERN. Early efforts

to soothe this problem and give everyone the opportunity to experience CERN included
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flash-based browser games on how the Large Hadron Collider, CERN’s largest and most
famous particle accelerator, operates. However, these games proved to be not sufficient

enough, raising the need for more interactive and informative media.

To overcome this problem, CERN has come up with a travelling exhibition providing its
visitors with information about CERN and its scope. Due to its compact size, the
travelling exhibition is an effort to provide its visitors with the information they seek
for, without having to physically travel to CERN. The travelling exhibition exploits all
possible means of presenting information, including images, videos, mockups and
games. Part of the travelling exhibition is the LHC Interactive Tunnel, or else LIT, an
immersive, interactive space implementing the CERN experience using everyday life
metaphors. LIT was developed by CERN Media Lab [88], a team who designs and
implements systems, software and content for Science Visualization and Communication
in order to support CERN’s education programmes. The concept of LIT was to be a
mobile interactive space, explaining with an easy to understand way CERN’s purpose
and contribution to society. However, throughout the years, LIT has also managed to be

part of CERN’s permanent exhibition.

LIT hosted two interactive games that make visitors experience physics, instead of
reading or hearing about it using controversial ways. To play the games, users need to

use their body parts for the gameplay to proceed.

3.3.2 LHC Interactive Tunnel (LIT)
3.3.2.1 LIT Architecture
The architecture of LIT is quite simple. The earliest version, sized six meters long, six

meters wide and three meters tall, providing a user area of six meters long and two and

a half meters wide. Figure 3-4 is a model of the original LIT, consisting of (a) seven
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projectors perfectly aligned, having five in the back projecting on a projector screen
(Figure 3-2.b and Figure 3-2. c) and two on the ceiling to project on the floor, (b) four Kinect
[41] sensors, positioned as illustrated in the image 1, (c) an 5.1 audio system, (d) two
computers communicating through (e) local network and (f) a tablet to control the
system. The architecture of the system allowed the user to interact with her
environment without the use of any kind of equipment such as joysticks, controllers,
keyboards, etc. The users could use their body movement in order to trigger events and

interact with the games.

SX X X X XX X X X X XX XXX

WALL
PROJECTORS |
/’
AUDIO Figure 3-2. b. LIT Backstage Architecture
SYSTEM with five projectors.
FLOOR
PROJECTORS

‘

KINECT
SENSORS

Figure 3-2. a. LIT Architecture top view.

Figure 3-2. c. LIT Backstage Architecture
includes five projectors and an audio
system.

Figure 3-4. LIT Architecture.

The second and current version of the LIT, is more compact as it sizes six meters long,
two and a half meters wide and 3 meters tall. Projector screen was replaced by a video
wall of six 55" full HD screens, while the projectors remaining are only two, positioned

now below the video wall.
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3.3.2.2 LIT Software

As mentioned above, LIT offers two educational games to its users as well as some
introductory video material. The video material focuses on information regarding where
CERN is located, where its accelerators and experiments lay, where collisions happen,
and what is inside a dipole and it works. The educational games, called “Proton Football”

and “Higgnite”, focus on information on how an experiment works and the Higgs field.

Proton Football — Become a particle accelerator yourself!

Player 2

Figure 3-5. Proton Football Interface.

Proton Football is a two-player game giving its users the opportunity to become a
particle accelerator themselves by “kicking” iconic protons. The game aims in informing
visitors on how an experiment works. To achieve that, the architecture of one of CERN’s
experiments (ATLAS) is shown on the video wall while both players are given iconic
protons, projected on the floor, to which they have to give energy and make them collide
in order for the experiment to operate and produce data. Figure 3-5 shows the Proton

Football interface. Two protons are projected on the floor, one on each side for each
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player, waiting to be kicked by their players. The protons start from a Hydrogen bottle,
get injected in the LHC and then are positioned in front of each player. To accelerate a
proton, a user has to virtually Kick it. To do so, the player has to do a physical strike to
the virtual proton projected on the floor using one of her feet. To achieve a collision, the
player must also aim for her playmate’s proton. The more intense the kicks the players
make, the more energy they give to their protons. In the event of a collision, the tracks of
the new particles generated from the collision will be shown in both the floor and the
wall sides. Tracks are distinguished by colour to achieve a visual categorization of the

tracks depending on the energy of the particles that created them.

Proton Football’s metaphor relates the LHC experiment to kicking two balls and make
them collide in the maximum energy possible. By doing so, players are presented in
everyday, simple examples how a CERN experiment works. Furthermore, they
experience that “It is very difficult to make two protons collide”, which is the game’s
main message, since careful coordination and estimation is needed to reach the game

goal.

Proton Football also provides a variety of triggers for questions from the visitors.
Questions about what an experiment is and how it works, where do protons come from,
what a quark is, what the outcome is from these experiments, how is CERN related to
the Big Bang, are only a handful of questions visitors usually come up with just by
looking at the user interface of the Proton Football game. While being simple to play,
Proton Football deals with complex issues, giving a fun and simple way for uninformed

visitors to have a basic idea of what CERN is and does.

Higgnite — Experiencing the Hiqgs Field

Higgnite is the second game hosted by LIT. Offering an artistic representation on how a

player would be projected in the universe as a particle before and after the Big Bang,
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Higgnite gives a simple way to understand not only what the Higgs field is but also its

impact in our lives. Figure 3-6 shows Higgnite user interface.

Figure 3-6. Higgnite user interface.

Contrary to the Proton Football game, Higgnite actions take mostly place on the wall
side. The video wall is divided into two sections, with the left one being without the
Higgs field and the right one with it. On the left side where the Higgs field is not enabled,
players are able to move freely in space and their projection will follow them
immediately, without any delay. However, as soon as they pass the barrier and move to
the right side where the Higgs field is enabled, they “gain mass” and they experience all
the changes that happen because of that. Firstly, they realise that there is a sparkle
around their projection, which represents the interaction with the environment.

Secondly, they cannot move freely anymore as when there is a delay in the movement of
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their projection as well as a trail left behind which symbolises inertia. Finally, there is a

change in the sound, indicating these changes in the interaction with the environment.

The experience of the Higgs field through playing Higgnite triggers a variety of
questions, starting from the Higgs field and the Higgs boson to cosmic rays, black holes,

dark matter, and extra dimensions.

3.4 Our Nano-Game Genesis

Throughout the years, numerous approaches have been made to inform the public about
serious health issues, even fatal, and their possible treatment procedure, most them
focusing on patient treatment, disease prevention, and health promotion [89-92].
However, only a handful approaches deal with life-threatening, non-contagious diseases

such as cancer.

[93] present a game prototype, called Cytarius, developed to illustrate cancer treatment
in an effort to inform mainly children and teenagers. During its gameplay, users are
dealing with different types of cancer per level and are provided with treatment options
to win the levels. Difficulty increases as its users advance through the game. Evaluation
asked for users to play the game for 15 minutes and showed that participants enjoyed it.
However, constraints such as interruptions and non-quiet environment seemed to affect

participants’ engagement.

Re-Mission2 [94] is also a multilevel game played either on a PC or mobile phone,
aiming to provide cancer support to their players. By using a number of different
weapons, players fight cancer by controlling a robot located within a body. To move to

the next level, users have to complete successfully one level. Re-mission2 offers its
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players a sense of power and control as well as treatment engagement. Evaluation [95]
requested participants an hour of gameplay per week, as well as two follow-ups during

the next three months.

Even though promising results have been reported in the above-mentioned evaluations,
both games require time and engagement from their players. As mentioned before,
when visiting MIOs, visitors have limited time available and their re-visit is not certain.
Also, visitors might not be aware of a game’s existence before their visit or not have the
skills or engagement to play the game outside their visit. Nano-games is a promising
approach for MIOs that wish to communicate message(s) related to life-threatening,

non-contagious diseases such as cancer to their visitors.

CERN is mostly known about its contribution to the physics field. Yet, the organisation
has a fundamental role in determinant discoveries throughout the years, with only a few
people actually knowing that CERN was the birthplace of fundamental theories and
technologies. A vast majority of the technologies find actual application in our every-day
lives, from medical diagnosis and therapy to computer chip manufacture ideas, proving
CERN’s crucial role in the progression of various fields. Revolutionary technologies as
such the World Wide Web and the Grid in computing and X-Rays, PET and MRI scans in

medicine are only a handful of representative examples [96, 97].

As already mentioned above, LIT hosted two games, informing visitors about how CERN
operates and the Higgs boson, as well as some video material on general information
about CERN. One of these interactive games was Proton Football, developed in 2011 in
an effort to explain to its users in a simple way how a CERN experiment works. Proton
Football was an early attempt at reducing the gameplay time, while conveying a clear
message. Higgnite was the second interactive game informing its users about the Higgs

field.
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One of CERN’S major contributions is associated with innovative cancer treatment
methods. To this end, it was decided to design and implement a nano-game, highlighting
CERN'’s contribution and informing visitors about cancer, hadron therapy and CERN'’s
role in this new procedure. The new nano-game was called HEAL (Hadron Emission
Applications Laboratory) and is now part of both Microcosm and LIT travelling

exhibitions.

Additionally, CERN is a large and popular organisation of high importance attracting all
the more visitors [86, 87]. As a result, CERN seems to be the most suitable testbed to
evaluate whether nano-games can meet the demanding requirements of a MIO
regardless of their size or topic, while providing a high quality of experience for their

users.
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Nano Game proof of
concept: The “HEAL”
Application

HEAL [78] is a novel, interactive game aiming to inform it's players, inter alia, on what is
hadron therapy and how it works. The name of the game, HEAL, is an acronym formed
from the words “Hadron Emission Applications Laboratory”, carrying both an
underlying information message and an optimistic feeling for this medical therapy. The
gameplay simulates how hadron therapy works, giving information on the entire
procedure, from the point when the beam starts to the point when the beam reaches its

destination inside the human body.

The HEAL game, apart from offering insights into a new cancer therapy, provides
answers to a number of basic questions including what hadron therapy is and how it
works, why it may be preferable to other treatments, what is the connection between

CERN, medicine, and in consequence our everyday life.

While playing the game, the user is located inside a medical laboratory as perceived by
the equipment depicted at the graphics and is challenged to face a tumour. Figure 4-1
shows the HEAL interface. Cancer cells (tumour), as well as some complementary
information related to the gameplay, are shown on the wall side of LIT. A visualisation of
the human head and brain, including details of cells to help players understand the
difficulty of the task and to enhance the user experience. To destroy of the tumour, the
user is encouraged to use hadron therapy. A particle accelerator, projected on the floor,

can be used to accelerate hadrons and inject them to the tumour in order to defuse it.
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Figure 4-1. The HEAL interface.

The basic interaction of users with the system is the implementation of physical actions
in order to adjust and set parameters as well as conduct the treatment. To operate the
system, the player has first to set the energy and the direction in which the hadron beam
is going to be injected, and then fire the beam in order to get accelerated and sent to the
specific cancer cells as defined by the selected energy and direction. To select the
desired energy, the user has to extend her/his hand in parallel with her/his body and
move it on the vertical axis, as shown in Figure 4-2. The higher the player’s hand is, the
more energy s/he shall select. Direction can be set in a similar way, by extending one’s
hand perpendicularly to her body, as shown in Figure 4-3, and changing the direction,
again, by moving it vertically. After successfully setting both the energy and the
direction in which the hadron beam is going to be injected, the player can give a boost to

the hadron beam by kicking the hadron beam illustrated on the floor.
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Figure 4-2. HEAL in Microcosm. User is adjusting the energy to which the hadron beam will be

emitted to the humanoid’s brain.

Figure 4-3. HEAL in Microcosm. User is adjusting the direction to which the hadron beam will be

emitted to the humanoid’s brain.
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The overall scope of this initiative was focused around passing the following messages

to players:

e Understanding what Hadron Therapy is and how it works.

e Understanding that serious health-diseases can be treatable.

e Highlighting CERN’s involvement in other research fields, apart from physics and
computer science.

e Highlighting CERN’s impact on our everyday lives through technological

achievements.

To this end, the success of this initiative has to assessed primarily to the extent of
players understanding one or more of the previously mentioned messages and
secondarily to the mental and emotional impact a message related to sensitive health

issues has on the players.

4.1 Acquiring the Particle Therapy Basics

Cancer is “a broad term for a class of diseases characterised by abnormal cells that grow
and invade healthy cells in the body” [98]. Cancer is one of the most widespread
diseases worldwide with more than 8 million deaths in 2016. According to the World
Health Organisation (WHO) report [99] cancer is the second major cause of death in

developed countries.

4.1.1 Treating Cancer with Radiation

Radiation therapy is a cancer treatment using high doses of radiation (similar to X-Rays)

to destroy cancer cells and, as a result, shrink tumours. Radiation is the “emission or
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transmission of energy in the form of waves or particles through space or through a
material medium” [100]. By irradiating cancer cells and severely damaging their DNA,
their inactivation will come inevitably since they fail to repair their damaged DNA
([101]). Radiation therapy has been the cornerstone of cancer treatment since it
combines the three “C”s: Cure of cancer, Cost effectiveness and Conservative treatment
([102]). While being excessively used due to the three “C”s, radiation therapy has
serious side effects as for example the affection of healthy normal cells located near the

tumour.

Radiation therapy has two main types depending on the position of the radiation source:
Internal Radiation Therapy and External Beam Radiation Therapy. In the Internal
Radiation Therapy the source of radiation, either solid or liquid, is put inside the

patient’s body.

The External Beam Radiation Therapy is a non-invasive type of cancer treatment. The
tumour is being irradiated from outside the body. In order to achieve that high-energy
X-Ray machines are used to direct radiation to the tumour. External Beam Radiation
Therapy falls into two categories: Conventional Radiation Therapy, and Particle
Radiation Therapy. While the first category uses photon or electron beams, the latter one
uses neutrons, proton and heavier ions, such as carbon, to achieve a more precise and
efficient treatment with the least possible side effects [103, 104]. For the sake of
accuracy, Table 4-1 provides a list of advantages Particle Radiation Therapy has over

Conventional Radiation Therapy.

Although photons can also be considered as particles, photon therapy is not considered
as Particle Radiation Therapy. Additionally, electron therapy is generally put into its
own category. Therefore, Particle Radiation Therapy is more correctly referred to as

Hadron Therapy, a cancer treatment using particles made of quarks.
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Table 4-1. Advantages of Particle over Conventional Radiation Therapy

Physical dose high near surface Dose highest at Bragg Peak
DNA damage easily repaired DNA damage not repaired
Biological effect is lower Biological effect is high
Need of oxygen No need of oxygen
Effect not localised Effect is localised

4.1.2 Particle Radiation Therapy

Particle Radiation Therapy, or else Hadron Therapy, is a radiation therapy using strongly
interacting particles, called hadrons, as for example neutrons, protons, pions and ions
(alpha, carbon and neon) [105-107]. Particle Radiation Therapy requires particle
accelerators, which cause the particles to accelerate so their energy is sufficient to reach

the distal edge of a tumour.

The strength of hadron therapy resides in the fact of exploiting the properties of the
Bragg peak, a point of increased concentration as radiation moves through a patient's
tissue. Figure 4-4 shows the curves representing the relative doses of protons and
carbon ions comparing to photons (X-rays). While photons are highly penetrating and
deliver a dose throughout any volume of tissue irradiated, protons and carbon ions

deliver their maximum dose at a precise depth.

Photons deliver most of their dose 0.5 to 3 cm from the patient’s skin, depending on the
energy they were initially given. They then gradually lose their energy until they reach
the target. As tumours are almost always located in-depth, photons actively interact
with outer healthy cells and drop only a small remaining dose of ionizing radiation on
the deeper diseased cells. Moreover, as they are not all stopped by human tissue, they

leave the patient’s body and continue to emit radiation (exit dose).
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Figure 4-4. Percentage on-axis depth-dose (PDD) curves of different types of radiation.

On the contrary, protons are very fast when entering the patient’s body, depositing only
a small dose on their way. The relative dose increases very gradually and mainly
exponentially as hadrons penetrate tissue, depositing almost all of their energy at the
very end of their path in a sharp peak called the Bragg Peak. Immediately after their
burst of energy, hadrons completely stop to irradiate. This characteristic enables precise
definition of the region to be irradiated. Thus the tumour can be irradiated with less
damage to healthy tissue that is the case using Conventional Radiation Therapy [108,

109]. The depth in which they can penetrate, and as a result deposit most of their

energy, can easily be controlled by determining the amount of energy they are given.

ENTRANCEIDOSE ENTRANGEIDOSE
. (mN
TUMOR
EXIT DOSE
TARGETED PROTON THERAPY: CONVENTIONAL RADIATION THERAPY:
Deposits most energy on target Deposits most energy before target

Figure 4-5. A comparison of radiation delivered with conventional (high energy X-rays) radiation
therapy versus proton therapy. By contrast, proton therapy has a much lower entrance dose and no

exit dose.
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4.1.3 From water to Proton Therapy Treatment

Hadron therapy centres are humongous with some of them having the length of a
football field and the height of a three-story building. A particle accelerator is the heart

of every hadron therapy centre, with most of them being cyclotrons as protons are more

widely used in Particle Therapy Treatment.

Figure 4-6. Clinical facility in Heidelberg.

It all begins with electrolysis, a procedure where hydrogen atoms are separated from
water. Then a positively charged proton is extracted from each hydrogen atom and
injected into the cyclotron. Using electromagnetic fields, the cyclotron accelerates the

protons up to 2/3 the speed of light, all within fractions of a second.

The proton beam is then taken from the cyclotron and passed through an energy
selection system, which makes the beam's energy variable for use in each of the
treatment rooms served by this beam. This allows each room to use the energy needed

for that patient.
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The beam transport system then transports the accelerated protons through the beam
transport line into each treatment room. Electromagnets are positioned along the line to

route the proton beams around corners and into each treatment room.

Large, sphere shaped structures called gantries are located in some treatment rooms in
order to guide the proton beam from the beam transport system to the beam delivery
nozzle. The gantry allows the beam to spin 360 degrees around the patient. A fixed-
beam treatment room does not require the gantry because the beam does not move
around the patient. Instead of moving the beam around the patient with a huge gantry,
the beam comes out of a pipe stuck in the wall and the patient is moved around the fixed

beam.

Figure 4-7. Proton Therapy system.
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4.2 Game Development Process

4.2.1 Development approach

While the development approach is based on [110], the very first step was to decide on
the message or messages the game itself had to pass to the visitors. This stage is crucial,
as a nano-game spends very little for the actual gameplay and has thus limited
opportunities to pass a small number of messages to the player. Therefore, prior to
deciding on the game mechanics, the designer has to define one or more concrete
messages that will be communicated to the player, while playing the game. The limited
playtime also limits the number of messages that can successfully be passed to the user.
The designer has to make sure that the message(s) are not ambiguous or

misinterpreted.

4.2.2 Deciding on the message

As previously noted the main challenge of developing a nano-game is identifying the
message and selecting a suitable metaphor to help pass the message across. To this end,
for the development of the heal game a team of experts on the subject and designers was
formed. First, experts have to come down to a fundamental message that can be written
in a single phrase. A first guideline is to start designing only when this message is
identified and agreed upon. In the case of HEAL game, the phrase to pass was “It takes
careful planning to hit a tumour target”. Other, secondary messages can be written down
to see if the selected metaphor can cater for them, without obscuring the main message.
Secondary messages for HEAL game, as also described in paragraph 4.1.2 , were: “The
new therapy can be very efficient” and “A particle accelerator is used for cancer

treatment”.
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The second major challenge is to identify a suitable metaphor. When deciding on the
metaphor to be used, one should keep in mind both the MDA framework and the nano-
game’s nature. As nano-games last only tens of seconds, game mechanics should be kept
simple and minimum in order to be easy to learn, while keeping the game challenge to a
suitable level. For this nano-game a full body gesture-based environment is being used.
The basic guideline calls for metaphors based on universally understood and accepted
gestures. Before selecting the metaphor to go, one should keep in mind that it has to be
programmatically implemented and technology has its limits. As described in paragraph
4.1.2 in Proton Therapy machines are used to direct radiation to the tumour from
outside the body. In the case of HEAL game, the metaphor was initially that of an archer.
But, the metaphor’s vagueness and technical difficulties changed the metaphor to that of
“point to an object”. Also, in Proton Therapy, the equipment has to be configured to use
the appropriate dose (energy). Since protons deposit almost all of their energy at the
very end of their path (Bragg Peak), one should adjust the amount of energy given as it
determines the depth in which protons penetrate. Finally, protons are accelerated to
the selected energy at the selected direction, and emitted to the tumour target. Since
“direct”, “adjust” and “accelerate” are the three keywords that describe the process one
should follow to operate a Proton Therapy accelerator and destroy a tumour target
(Dynamics), it was decided that these three keywords formulate the basic actions
(Mechanics) for HEAL. In HEAL users need to point to two different directions, with each
one controlling different game elements. Users have to stand on the footprints at a
predefined place (Figure 4-1). To select the beam direction, users have to point to the
tumour, while to select the beam energy users have to point to the energy bar on the
“Wall” side. To adjust the direction and/or the energy to the desired one, users need to
move their corresponding hand up (for higher) or down (for lower). After adjusting both
controls, users need to physically kick a virtual proton in order to be accelerated and

emitted with the selected energy to the selected direction. Even though HEAL is easy to
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learn to play, hitting a tumour target takes careful planning. Users are challenged
(Aesthetics) to precisely direct and adjust the available controllers in order to be able to

destroy the tumour target and master the game,

Another major challenge is to select mechanics that do not to convey dubious or wrong
messages. For example, while considering whether HEAL game should be a single or
two-player game and having implemented the popular Proton football LIT game, the
first notion was to re-use the football metaphor. But, that would probably mislead
players into thinking that the tumor was being attacked from multiple sources. To avoid
issues derived from the two-player game, it was decided to adopt a single player type of
game. However, in case of a two-player configuration, the tasks would have to be
redistributed to allow two players to play. Again, the guideline calls for early evaluation
of the designed prototype, even as a mock up, to avoid unwanted messages. One has to
remember that the selection of graphics can greatly help in that. Simple, intuitive
graphics have to be selected and unnecessary clutter has to be avoided. A new user, who
has to learn the game in tens of seconds, has to get information for the task that needs to
be performed, supported in focusing on it. Users should not get distracted with

additional information.

4.2.3 General Principles

HEAL intended to provide an informative environment for CERN visitors regardless of
their physics or medicine background. Thus, it was important to design a game activity
that would match the visitors’ interests, while at the same time motivates them to
explore underlying physics and medical concepts embedded in the game. Several issues

were considered in the design of the game activity:

To start with, HEAL was designed as an interactive game with an interface suitable for

any visitor, regardless of their age and previous game experience. Visitors were able to
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interact with the game having zero experience with Kinect [41] sensors, just with the

rise of a hand or foot, body movements that people develop from a very young age [38].

As an experience enhancer game, HEAL should also support the understanding of the
informative content and stimulate reflection about the physics and medical concepts.
Thus, it was designed to prevent visitors from only paying attention to the
entertainment elements in the game, while ignoring the underlying concepts. In our
case, this is due to the game metaphor itself, as the gameplay represents the main
message the MIO is trying to pass to its visitors. For HEAL, users need to (a) aim for the
cancer cells (b) using the correct energy, which are the two variables a user has to set in

order to achieve the game goal.

While designing HEAL, one should not forget its gaming nature. The game should have a
goal to achieve in order to create a sense of mission to its users, while carefully
balancing the level of challenge and frustration. As [50] mentioned, a game should be
challenging, motivating and winnable to all players. To achieve that, users have to adjust

precisely the amount of energy needed and direction to irradiate the tumour.

In addition to the above, users should need to continually increase and refine their
understanding of the embedded physics and medical content, in order to both keep their
interest and deepen their understanding on the content. In HEAL, users have to
speculate the exact amount of energy needed in order for hadrons to stop exactly were
the cancer cells are located. In case the energy is less or much more than the requested
one, the cancer cells will stay intact and users would have to readjust it in order to

destroy them.

Finally, the game should provide adaptive feedback and rewards. Feedback helps
players understand their progress and evaluate their choices and decisions while

rewards such as scoring can be effective in increasing users’ motivation. In HEAL, the
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time taken by a player to destroy the cancer cells located in the patient’s brain is
measured. As a result, players can compete not only against cancer but also against each

other.

4.2.4 Assumptions

Before designing the game, a set of assumptions were made. To start with, we assumed

that:

e Users have went through the previous Microcosm exhibits, or played the “Proton
Football” LHC Interactive Tunnel game. With this assumption, we make sure that
users have the needed background in physics before playing HEAL.

e Users have no more than 5 minutes to spare for playing the game. Even in the
case when they do, the game should be simple enough to not keep them more
than 5 minutes in order for more visitors to be able to experience the game.

e Users can physically move at least one of their hands and feet.

4.2.5 Specifications

4.2.5.1 Gameplay Specifications

The number of players a game can be a crucial factor on passing the correct message to
the game’s users. Especially in educational or experience enhancer games that have
either an educational or informative purpose, there is a high risk that users get a wrong

perception of the presented concept.

4.2.5.2 Functional Specifications

HEAL'’s functionality is entirely based on the body movements of a user. In order to

achieve it, a sensor is used in order to capture this information and send them to the

Page 78




application. This information should reflect the position of the user joints of a user being

inside the interactive space.

4.2.5.3 User Interface Specifications

HEAL'’s graphical interface should be designed having usability as a top priority. The
game should be presented and organised in a manner that is both visually appealing and
easy-to-use by its users. The layout and the user interface of the game should be simple
enough for users to take no time in learning its features and using its controllers with
little, none if possible, difficulty. In order to achieve the highest usability possible, we
need to make sure that the game is providing a list of elements and is following a list of
design rules as described in [111]. Colours should be carefully selected to be friendly to
colour-blind people. Contrast in brightness and saturation between texts and
backgrounds is suggested while the combination of colours of the same brightness but
different hue should be avoided. Dark text over bright backgrounds (or vice versa) is
advised, contrary to red characters on green backgrounds which is unreadable for

colour-blind people. Text fonts should also be easy to read.

First of all users have to know «where they are». In order to provide this information,
the background of the «Wall» side of the game simulates the inside of an infected by
cancer human head. Details such as the outline of a brain, the nerves complex and cancer
cell masses make the interface more vivid to the users. While trying to give a lucid
notion with the mentioned details, HEAL engages a humanoid as the subject for
treatment in order to eliminate the possible negative emotions either while treating the
patient or when failing to adjust correctly the energy or direction parameters. On the
«Floor» side, the user is located in a Hadron therapy laboratory, having available a
particle accelerator to be used for the treatment. The background should be kept simple

in order for the different components of the accelerator to stand out. A pipe coming out
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from the accelerator is passing from the «Floor» to the «Wall» side, injecting the beam

when available and connecting both sides of the gameplay.

Then, users should know «what they can do». As soon as a player enters the game area,
indicated by two foot imprints, a set of instructions should be shown on the «Wall» side
explaining the different controllers and the goal of the game. Instructions should be

clear and descriptive, followed by images for more clarity.

Knowing «what they are doing» or «what will happen» is really important throughout
the game in order for players not to feel lost in the gameplay. Descriptive captions
should be available close to every indicator and controller of the game while text
indicating the status of the game controllers should also be visible. All the text
information should be readable, yet space-efficient. Apart from having informative and
descriptive text, HEAL should also provide its users with interactive controllers
indicating the values to be set in the game controllers. In that way, users can set their
values and estimate what will happen, before the actual event happens. This will be

explained further in a chapter to follow.

Finally, users need to know «where have they have been». In HEAL’s case, users are
provided with information related to their last set values. Greyed out indicators show
the game’s last controller values, allowing them to adjust better their newly input

values.

For graphically designing all the above elements we took into consideration practices
being applied in video games. A bar having an adjustable filling is used to simulate the
energy the user has entered to the system. The more energy the user sets, the more full
the bar is, and vice versa. Regarding direction, since we are talking about a vector
showing the direction the hadron beam is to follow, the use of a line was chosen. As far

as the visualization of the tumour is concerned, gloomy textures, dark colours and
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movement will be applied in order to be quite clear to the users that these elements are

“malicious” and need to be “destroyed”.

4.2.5.4 Performance Specifications

As far as performance is concerned, memory and processing power are worth
considering factors as they could affect the game performance. Noticeable delays
between the actions of players and the reaction of the game can cause serious problems
while playing the game. In order for the game to perform in the best possible way, we
need to make sure that the source code is highly efficient, thereby using less system
memory and resources, thus minimizing the possibility of lag occurring and being

instantly responsive.

A quite representative measure for the game performance is the frame rate of the game.
Most games seek to maintain at least 30 frames per second since below this threshold
the human eye can start seeing imperfections in the animations or the motions of
objects as the move. We can therefore argue that in case the game’s frame rate drops
more than 30 frames per second, then its performance has become too slow. In order to
reduce such likelihood of such event to occur, we need to ensure that (a) the processing
power is enough, (b) the memory usage is minimum, (c) the memory allocation is done
correctly, (d) the number of functions being executed every single frame and (e) the size
of data being sent and received through the network is minimized and (f) having both

sides of the game («Wall» and «Floor» sides) synchronized.

4.2.6 Architecture

4.2.6.1 Hardware Architecture

HEAL is the latest addition in LIT (described in Chapter 3.3.2 ), therefore HEAL's

architecture, as far as hardware is concerned, is almost the same as LIT’s. Figure 4-8 is
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an overview of HEAL’s hardware architecture. To start with, a video wall and two
projectors show the game interface in both the side and the floor of the interactive
space. Two computers are also used, one for each side of the game interface. In our case,
«Computer 1» is used for the video wall or else «Wall» side, while «Computer 2» is used
for the floor projection or else «Floor» side. Both of the computers are connected with a
router, providing the interaction between the two sides of the game. One Kinect2 sensor,
positioned on the top right corner of the structure, is used in order to have a clear view
of the players and capture their body movements. The Kinect2 sensor is connected to
«Computer 2» and the data captured are sent through the entire network using the

router.

Kinect

Video Wall

———

Audio System

Paow
Projector 2 E

Projector 1

Computer 1 Router Computer 2
“Wall" Side “Floor” Side

Figure 4-8. HEAL’s Hardware Architecture.

The specifications of all the hardware equipment used can be viewed in the Table 4-2.

Page 82




Table 4-2. Specifications of HEAL’s hardware equipment.

Number of

Equipment Information
Elements quip

Type of Equipment

Displays Video Wall ~ One Video Wall 55” Direct-Lit LED Display Samsung
Six Screens (Model: UD55D)

Projectors Two Epson EB-485W
Sensors One Kinect for Windows v.2
Computers Two Alienware X51-R2
Processor: Intel Core i3-4150
RAM: 6 GB

Graphics Card: Nvidia GeForce GTX 745

Networking Router One DHP-1565
System Wireless N PowerLine Gigabit Router

Audio System One Logitech Z623
2.1 Audio Surround System

4.2.6.2 Software Architecture

From the aspect of software, HEAL'’s class organisation can be seen in Figure 4-9. The
software core consists of three main classes; The HEALStarter class which is the game
initialization class, the GameplayManager which is responsible for the gameplay and the
sequence of functions to be called, and the GUIManager which handles the GUI elements
on each side (wall or floor) of the interface. The rest of the software hierarchy is straight
forward, having the GUI classes initialized from the GUIManager, the classes related to
the player and the body data managed by the GameplayManager and the network and

setting classes handled by the HEALStarter.
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Figure 4-9. HEAL's software architecture. Rectangles represent classes while arrows represent

object initialisations (not sub-classes).

4.2.6.3 Intercommunication Architecture

The communication architecture described above can also be seen in more detail in
Figure 4-10. The Kinect2 sensor, connected to «Computer 2», captures the player body
movements. The data deriving from these movements are being processed and
transformed properly to match the interactive space coordinates. Then, they are
transmitted through the network to «Computer 1», which is going to use them for

updating the game controllers.

VISUALISE

PROCESS DATA = @ t

SKELETON DATA SEND PROCESSED DATA

' THROUGH NETWORK

! TRANSMIT SKELETON DATA

Kinect

Router

Computer 2 Computer 1
“Floor” Side “Wall"” Side

Figure 4-10. Communication process through hardware components.
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4.2.7 Constraints

As mentioned before, Kinect is the sensor being used for capturing the users’ movement.
While the first generation of the Kinect sensors supported multiple sensors connected
on one computer, the second generation came with limitations on that perspective
allowing only one sensor per computer. Even though this change did not affect the

current HEAL architecture, it should be mentioned in case of future versions of HEAL.

4.2.8 Overcoming Problems

The Kinect2 sensor uses two sensors, one depth and one colour camera sensor. To make
sure that the sensor has no obstacles in its field of view, it was positioned two meters
high and tilted in order to face the place where the user is supposed to stand. In this

way, it was ensured that, in most of the cases, the user would be visible by the sensor.

However, the position as well as the rotation and tilting of the Kinect2 sensor urged the
need of transforming the coordination system of the Kinect SDK as the coordinates
returned did not reflect reality. To overcome this issue, transformation calculations
needed to be applied in the received data in order to transform them relatively to the
LIT space. The transformation was first implemented on the X and then on the Z axis, in

order to take into consideration both the tilting and the rotation angle.

4.2.9 Implementation

In order to develop HEAL, several programming tools and libraries were used. The
following subsections describe the main platform used as well as the tools and libraries

used in order to implement HEAL.
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4.2.9.1 Platform

For the development of the HEAL game, Unity3D [112] was chosen. Unity3D is a game
engine platform, developed by Unity Technologies, aiming to help its users with the
development of 3D games and applications. The platform provides a user-friendly
environment and a variety of tools, thus, reducing the time and effort of making
interactive content. Unity3D also offers the ability to target games to multiple platforms,

including mobiles, desktops, the web, and consoles.

Unity3D users can choose either C# or JavaScript for developing their software. In the
case of HEAL, we went with C# as the integration with the Kinect SDK would be faster
and easier. Moreover, several libraries needed for this project were written in C#. These
two reasons were important enough to exclude JavaScript as the development language

scenario.

For HEAL, version 5.3.4f1 was used.

4.2.9.2 Tools and Libraries

The Kinect for Windows SDK is a software development kit that can be used to expand
the possibilities of a Kinect sensor. The kit provides the tools and APIs, native and
managed, needed in order to develop Kinect-enabled applications for Microsoft
Windows. In the case of HEAL, the Kinect SDK was used to capture the joints positions of
the players in order to recognize body movements such as pointing to a specific
direction, raising hands or moving feet. For HEAL, version Kinect for Windows SDK 2.0

was used.

KINO (KInect NOde) [113] is a library developed by the CERN MediaLab, serving as an
interface between the Kinect SDK and the application. KINO captures and processes the

data received from a Kinect sensor and then transmits them through the entire network,
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allowing for multiple Kinect sensors to be connected to one application. The necessity of
KINO was raised after the release of the version 2 Kinect sensor, as using more than one
Kinect2 sensors in a computer was not supported anymore. KINO was used in HEAL as it
provides an easier and more user-friendly API in developing a Kinect-enabled

application. For HEAL, version 1.0 was used.

KUT (KINO Universal Transformer) [113] is another library developed by the CERN
MediaLab, offering space-calibration functions for Kinect2 sensors. In HEAL, the Kinect2
sensor was positioned two meters high from the ground and was both rotated and tilted
to face the player. This placing was decided for the sensors’ unhindered functioning, in
order to avoid people from walking in front of them. This positioning caused errors in
calculating the coordinates of the players’ joints. In order to overcome this problem,
KUT was used for the calibration of the Kinect2 relatively to the interactive space. For

HEAL, version 1.0 was used.

iTween [114] is a simple, powerful and easy to use animation system for Unity3D. This
tool was primarily used to move specific user interface items as it made the

development process faster and easier. For HEAL, version 2.0.5 was used.

4.3 Functionalities

In order to describe better the functionalities of HEAL, we are going to go through a

usual usage case scenario.
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4.3.1 Introduction information and Game Instructions

To start with, before a user enters the interactive space of LIT, HEAL encourages people
to enter its space. Figure 4-11 and Figure 4-12 show HEAL’s user interface before a user

enters its interactive space.

Hadron therapy treats cancer by using accelerated beams
of
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Figure 4-11. The “Wall” interface before someone stepped on the footprints on the "Floor" side. On

the right side, general information on Hadron Therapy is displayed.
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Figure 4-12. The “Floor” interface before someone stepped on the footprints shown on the left side.

Starting from the “Floor” side, players are provided with a Particle Accelerator. The
background is kept simple in order for the different components of the accelerator to
stand out. Two foot imprints indicate where users should stand in order to activate the
game. Right in front of the imprints a set of flashing arrows, aiming to later motivate

users to move one foot forward, is located. Finally, a pipe coming out from the
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accelerator, passing to the “Wall” side and ending after being curved with the use of a

magnet acts as the linkage between the two sides of the game.

On the “Wall” side, on the top the name “HEAL” as well as a timer, used to count the
seconds taken by one player to destroy the cancer cells, are shown. The central and
biggest part of the screen displays a humanoid head along with masses of moving cancer
cells. A short description on what Hadron Therapy is and how is related to CERN is
visible on the right side of the screen during the entire gameplay. On the left part of the
screen a vertical bar with the caption “Proton Energy” is positioned. This bar, called the
Energy Bar, will be the indicator of the selected amount of energy to be used for the
protons to be emitted. Information text right next to the Energy bar is inviting visitors to
stand onto the two-foot imprints shown on the “Floor” side. As soon as the presence of a

person in the vicinity of the imprints area is detected, a sequence of instructions is set.

Find the correct energy and angle to obliterate the tumour and treat the
patient!

Point forw C Point
set the

Figure 4-13. Set of instructions as shown on the "Wall" side of the HEAL interface.

The set of instructions describing how to use the game controllers are displayed on the
«Wall» side using descriptive text and images (Figure 4-13). The instructions show how
to control the energy and direction of the hadron beam, as well as the way to trigger it
Displaying of the instructions happens only when a player is within the activation area,

as defined by the foot imprints.
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4.3.2 Setting Values

As soon as users enter the activation area, they can start playing the game. In order to
interact with the game, they are invited to make gestures using their hands and feet. The
gestures used by HEAL are: (a) the raising and (b) fixation of a hand for adjusting and
setting the energy or direction of the hadron beam and (c) the kick of a foot for boosting

it.

While the logical order of actions would be to first set the energy and direction of the
hadron beam and then boost it, for simple and easy-to-use purposes the order of actions
is not limited. However, the instructions’ text is color-coded in order to indicate whether
a parameter was set (green colour) or not (red colour). Colour-coding also exists in the
visual representation of controls; while values are being modified by users both the
energy bar and the direction preview have vibrant colours, while when “locked” they

change to grey.
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Figure 4-14. The HEAL interface when a player has selected both the energy and the direction of the
hadron beam. The description text of both settings is green coloured, while the not completed action

is red coloured.
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4.3.2.1 Setting the Hadron Beam Energy

To set the amount of energy that will be given to the hadron beam users have to use
their hand and point at the energy bar. To recognize this gesture, we measure the angle
between the user’s hand and the Kinect2 sensor. Since the Kinect2 sensor is positioned
on the top right corner of the LIT structure and facing the interactive area, the angle we
are looking for in order for a user to point at the energy bar is either close to 0° or 180°.
To simulate the energy value input, we calculate how high or low the hand is by
measuring the angle between the player’s body and hand. The highest the user’s hand is,
the bigger the angle and thus the higher the energy. The lower the hand is, the smaller

the angle and therefore the lower the energy.

Bring Hand
Back, Close to
Body

Value is
“Locked”

Lift Hand to Set Move Hand to Keep Hand Still
Value Adjust Value to “Lock” Value

Figure 4-15. Sequence of actions a user has to perform to set a value on the HEAL interface.

As soon as players lift up their hand pointing at the energy bar, its colour changes to

orange, indicating that this specific control is enabled.

To set or else “lock” the energy value, users need to hold their hand as still as possible to
the desired angle for 1 second. As soon as the value is “locked”, the information text
related to the energy setting changes its colour from red to green. Also, the energy bar
colour greys out and freezes at the “locked” value. In case players need to re-adjust the
energy, they can either continue moving their hand, having the controller unlocked after

2 seconds, or just put their hand down and then lift it up again. Figure 4-15 is a diagram
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of the sequence of moves a user needs to follow in order to complete the action of

setting the attributed energy of the hadron beam.

When a user re-adjusts the energy, a greyed out indicator is shown on the background of
the energy bar to indicate the last set energy value. In this way it is easier for users to
know how much higher or lower they should go in order to set a better estimated

energy value than their last selection or try.

4.3.2.2 Setting the Hadron Beam Direction

Setting the direction is relatively similar as setting the hadron beam energy. Users have
to use their hands as before but point forwards, to the other side of the video wall.
Calculation of the angles is the same, but the recognition of the pointing forward gesture
is now detected by a 90° degree between the user’s hand and the Kinect2 sensor. Once
again, the higher the hand is, the higher the hadron beam will go, while the lower the
hand is, the lower the hadron beam will go. The sequence of actions the user has to
follow is similar to the one followed on setting the hadron beam energy, as previously

shown in Figure 4-15.

To setup the hadron beam direction, players are asked to lift their hand up pointing
forwards. As soon as they do, the colour of the direction preview changes to light blue,
indicating that this specific control is enabled. The direction preview line, showing the
path the hadron beam will have, follows the player’s movements as she moves her hand.
Having this direction preview available makes it easier for users to target the cancer
cells. As soon as the value is “locked”, the information text related to the direction
setting changes its colour from red to green. Also, the direction preview freezes in the
“locked” position and greys out. Keeping the direction preview visible at all times is
useful for users to make a better estimation on the direction to set in their next try, in

case they fail to target the cancel cells in their previous one.
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In order to limit the number of errors in small angles, we needed to put some
thresholds. In more detail, when a user’s hand was not lifted enough, the detection of
gestures could be problematic as the distinction was not possible due to close
measurements of the angles. To overcome this issue, we have set as a lower threshold an

angle of 30°.

4.3.2.3 Putting Hadron Therapy in Action

After setting both the energy and direction of the hadron beam to be injected, users can
boost the hadron beam by using the controllers positioned on the «Floor» side of the
user interface. To boost a hadron users should virtually kick on top of the flashing
arrows area positioned on the “Floor” side. As soon as they kick, the relevant
instructions text colour on the “Wall” side changes from red to green. To capture the
boosting gesture we are transforming the user’s feet coordinates captured from the
Kinect2 sensor to coordinates relative to the interactive space and checking whether

they are in between the bounds of the flashing arrows.

After its boosting, the hadron beam gets accelerated in the accelerator available on the
«Floor» side (Figure 4-16) and then travels to the «Wall» side (Figure 4-17) by using a
connecting pipe. The hadron beam then gets injected to the tumour cells on the «Wall»
side in an effort to destroy them. In order for this to happen, both the energy and the

direction should be set precisely to reach a tumour cell.

-

Figure 4-16. The “Floor” interface as soon as the user had kicked. The hadron beam gets accelerated.
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Figure 4-17. The "Wall" interface after the Kkick has happened. The hadron beam is directed to the

direction the player has selected before.

There are three scenarios after a hadron beam is injected; (a) the hadron beam finds its
target, (b) the hadron beam has the correct amount of energy but not the correct
direction and (c) the hadron beam has the correct direction but not the proper energy.
In the latter case there are two cases; (a) the energy was not enough to reach the
tumour cell or (b) the energy was set too high and overpassed the tumour cell. In the
case where the beam finds its target, the tumour cell gets destroyed while in the rest it

stays intact.

As soon as the beam vanishes, and regardless of the outcome, all the instruction text
colours turn back to red and the user has the opportunity to continue playing, following

again the same instructions as before.

4.3.2.4 Beating cancer

To make the game more appealing and challenging [50] to its potential users, in HEAL’s
preliminary version cancer cells were spreading over time. However, taking into
consideration preliminary evaluation’s feedback, we later decided to discontinue this
functionality and replace it with a timer counting the seconds it took a player to destroy
the tumour cells. This was also a trigger for new users to beat not only cancer, but also

their friends’ best time.
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Evaluation

CERN estimates that more than 110,000 people visit the organisation every year [87].
With all the more museums transforming from plain object-centred exhibitions into
interactive, educational person-centred places engaging visitors and triggering them to
get more interested in various subjects, CERN has made a major revamp of Microcosm

with new exhibition items and content inaugurated.

The HEAL game was one of the new interactive media inaugurated into the new
Microcosm exhibition, having a remarkable number of users every day. As mentioned
before, HEAL intends to (a) inform visitors about Hadron Therapy and how it works, as
well as (b) highlight CERN’s involvement in other research fields, apart from physics and
computer science, as well as its impact on our everyday lives through technological
achievements. However, since HEAL deals with such a sensitive life-threatening health
issue, cancer, the approach of the subject should be implemented really carefully. As
many people have negative feelings on topics related to cancer, HEAL tries to also make
its users feel more at ease with this issue, minimizing the negative mental and emotional

impact that games on sensitive health-issues can have.

In addition to the above, HEAL also adopts a gesture-based method of inputting
information to the system. Adjusting parameters and triggering events are implemented
by the physical movement of hands and feet of the users. Increasing and decreasing

values is achieved by moving up and down one’s hands, while triggering is done by a
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kick movement of one foot. Since this is not a widely used method of input, yet, and
users are quite new to this kind of interaction, it should be studied whether such

interaction methods are intuitive and easy-to-use to the users.

In order to be able to find out whether HEAL meets its purposes without having an
unpleasant impact on visitors’ psychology, a controlled experiment needs to be carried
out. Thus, this study is designed to investigate and analyse the learnability and the
psychological impact such interactive games dedicated on serious life-threatening

health issues may have.

5.1 Experiment Design

Before proceeding to having an experiment, it is necessary to design it first. When
designing an experiment, it is quite helpful to evaluate the factors that control our
experiment. Moreover, it is also essential for better controlling the experiment and the
sources of variation, as well as preventing unforeseen factors that might counterfeit our

experiment or results.

5.1.1 Defining the research question

As mentioned before, HEAL was designed and developed around the following main

objectives:

e Understanding what Hadron Therapy is and how it works.
e Understanding that serious health-diseases can be treatable.
e Highlighting CERN’s involvement in other research fields, apart from physics and

computer science.
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e Highlighting CERN’s impact on our everyday lives through technological
achievements.

e Reviewing the learning outcome of experience enhancer games.

e Reviewing the mental and emotional impact that games on sensitive health-

issues have on their users.

With most of CERN'’s visitors having (a) no or almost no knowledge or understanding in
particle physics and (b) a wide age range, the provided material should be easy to
understand as well as interesting enough to trigger visitors’ interest in finding out more
information about science after their visit at CERN. Time consumption should also be
considered as visitors spend a limited amount of time on exhibitions. Durability of the
information is also important as we need visitors to actually learn something and not
lose the point of their visit due to excessive gamification. Consequently, information

provision should be easy, interesting, durable and fast.

In order to achieve that, we therefore need to concentrate on game tasks that highlight
the principals of Hadron Therapy and its connection to CERN. As described in Chapter
3.2 HEAL focuses on two factors, energy and direction, as those two parameters are the
most important for Hadron Therapy treatment. Both of these factors are set on the
“Wall” side of HEAL'’s interface. The accelerator on the “Floor” side is the connecting
element between how Hadron Therapy works and CERN, serving both as a Hadron
Therapy pillar and a technology deriving from CERN. Hence, in order to assure that the
game metaphor is understood by the HEAL users, the parent task should be destroying,

if not the entire, just a part of the tumour shown on the “Wall” side.

To determine whether HEAL'’s purpose was fulfilled, we need to research whether it
served its purpose in the contexts of learnability, usability and engagingness. Metrics
such as the completion of the task given and the time taken to achieve it, the ease in

which visitors were able to handle the game controls, the willingness to continue
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playing or even come back, are really important in defining whether HEAL was

successful or not.

However, throughout the entire process we should also take into consideration
important factors of variation of results. Infrared lighting, clothing, reduced mobility,
previous experience with similar interactive environments, nationality, education level,
age and gender are some of the factors that could cause faulty variations in our
experiment results. In order to prevent this unpleasant possibility, we need to

extensively record all factors that have an influence in our experiment.

5.1.2 Variable Enumeration

5.1.2.1 Independent Variables

Technique: To evaluate whether HEAL serves its purpose and is informative enough, we
need to compare it with other learning tools. MIOs usually present their information in
the means of text, pictures and videos. These broadly used tools of learning provide
MIOs control of the information they wish to focus on and of the speed at which
information is presented. However, most used presentation tools do not cover entirely
the needs of interactivity we need for this experiment. Common presentation
applications provide either linear presentations without giving its users the opportunity
to choose the order in which they want to review information, or limit their interactivity

with common media such as images, videos, links, etc.

5.1.2.2 Dependent Variables

Speed: The speed at which a user is completing the game goal, which is destroying the
entire tumour, is a way to measure both the usability and the clarity of the game. In the
unpleasant case of a user having problems with following the instructions or the

gameplay scenario, the amount of completion time will be either high or indefinable, in
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case the user gives up before completing the goal of the game. In each case, time is a
simple and quite representative measure for deciding whether the gameplay scenario is

clear and the game controls usable.

Engagement: The engagement of users is an important variable as it shows how
interesting and fun users find the game and whether they are willing to play it again or

even suggest it to their friends [115].

Learning: When the users are able to respond correctly to questions related with the
educational target of the game, then we can assume that the learning purpose of the
game was fulfilled. In HEAL, in order to be able to use effectively the Hadron Therapy,
the user has to understand that both energy and direction need to be precisely adjusted
to the cancer cells and a particle accelerator needs to be operated for the injection of the
hadrons. If after playing the game users can confidently answer that the important
factors in Hadron Therapy are energy and direction, then HEAL has successfully

delivered its message.

5.1.2.3 Control Variables

Location: In order to eliminate the effects of cofounds on the outcomes of our experiment,
we need to make sure that the experiment takes place in the same conditions. First of all,
the location in which the experiment takes place needs to be the same throughout the
process. Location variation can cause problems, especially in our case where we use
Kinect2 sensors as they are quite sensitive to infrared lighting. In our case the
experiment took place in the CERN Microcosm museum, located at CERN, in Meyrin,
Switzerland. Chapter 3.4 describes the reasons of selecting Microcosm. For our
experiment the as called «Discovery Area», a corner inside the Microcosm museum,
where lighting conditions are ideal for the proper functioning of Kinect2 sensors, was

chosen.
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System Software and Architecture: Another important factor is the system in which the

experiment takes place and its configuration. System variations can have an effect on the
software performance, resulting into cofounding of the experiment results. To avoid this
problem, the architecture, machines, software and software versions were not changed

during the experiment process.

Instructions: Instructions on how to use the game were also provided in a text form while
a user was interacting with HEAL. The instructions were specific and same to everyone

using the game.

Experiment time: Finally, every user was given as much time as she wanted to play the
game. In that way, we could observe whether the user wanted to play more or just give

up before even completing the goal of the game.

5.1.2.4 Random Variables

Age, gender, nationality and educational background of the visitors are variables that
are clearly not possible to be controlled in the experiment. To prevent distortion of
results, we avoided putting people having the same characteristic in one group, as for

example all women in one group and all men in another.

Clothing is also important as Kinect2 sensors might have problems identifying the
skeleton of a person when wearing specific fabrics or shoes. In a case when a visitor was
wearing problematic clothing, we would either ask her to remove it if possible, or we

excluded the visitor from the experiment procedure.
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5.1.3 Arrange Conditions

To be able to participant in the experiment, a visitor should: (a) have never used HEAL
before, and (b) wear clothing and shoes that do not cause malfunctioning of the Kinect2

SENsors.

To conduct the experiment, participants will have to use the HEAL application and
answer questionnaires right after their HEAL experience. In order to ensure that the
results are intact, the involvement of a lot of participants coming from different

backgrounds to the experiment is essential.

5.1.4 Setting Instructions

While playing HEAL, participants were provided with a set of instructions, guiding them
through the basic steps of using either software. The instructions were in the form of

text, followed by descriptive images.

5.1.5 Setting Procedures

Setting a procedure which participants are asked to follow was also crucial in order to
ensure that every participant has the same experience and for our experiment to be
reproducible if needed be someone else. Below are described all steps followed during

our experiments:

Step 1:  Recruiting Participants. Participants would have to visit MIOs exhibition,
in this case Microcosm.

Step 2: Consent Form. Visitors were given a consent form to read before
participating in the experiment (Appendix includes the handed Cover
Letter). The consent form had information on the experiment procedure

as well as information about the privacy of their data. The goal of the
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experiment was also explained. In case they gave consent, then they
could move to Step 3, otherwise they were eliminated from the
procedure.
Step 3: Main experiment. Participants used the corresponding software as long
as they wished, following the instructions provided during their play.
Step4: Questionnaire. Participants were asked to fill in a questionnaire after
their experience with the software.

Step 5:  Debriefing.

5.2 Preliminary Evaluation

An evaluation of the initial prototype was conducted to provide us with a preliminary
assessment of the quality of the user experience. This was necessary to not only evaluate
the usability of the game in terms of its user interface and stability, but also to gather

data and experience for designing and running the formal study.

In order to achieve that, we created a set of questions, covering as many factors affecting
the quality of the visitor experience as possible. Questionnaires were developed from
findings of previous studies [116-120]. These factors included: (a) satisfaction, (b)
engagement, (c) learnability, (d) qualia, (e) motivation/triggering, (f) ease of use, (g)
ease of learning, (h) gameplay clarity and (i) the psychological impact. Covering all these
factors resulted in 129 statements, a large enough number to discourage a visitor from
participating to the evaluation. To alleviate this potential problem, we created three

separate questionnaires, each of which covering different factors.

Statements were worded carefully and long, ambiguous, leading and biased questions

were avoided. For all three questionnaires, three types of questions were used.
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Most of the statements were presented in scales as Likert items from 1 meaning
“strongly disagree” to 5 meaning “strongly agree”. All of the questionnaires included
demographics questions, most of which were of type multiple choice. In these questions,
participants would need to choose just one response from a list of alternatives. Finally,
questions that promoted participants to express their opinions on the game were open,
allowing respondents to formulate their own statements. Since open questions are more

difficult to analyse, only two questions of this type were included.

Questionnaires were available in five different languages: English, French, German,
Italian and Greek. The latest evaluation [121] of the museum showed that most of its
visitors were speaking one of these languages, apart from Greek. By providing
questionnaires in the visitors’ mother language, misinterpretations would be minimized

and visitors would feel more comfortable responding.

In every evaluation there will be missing data occurring for different reasons. In this
study, the following types of non-responses were identified and questionnaires were

excluded from the evaluation:

1. The respondent has not responded to one or more questions. The reason might
have been by choice or simple overlooking of the question(s).
2. Response was invalid, e.g. where only one answer was required but the

respondent selected several responses.

The preliminary evaluation was conducted at Microcosm, CERN’s most popular and
visited permanent exhibition. HEAL was available in the “Discoveries” area of
Microcosm for approximately a month (from March 15t to April 20th 2016) from 8:30 to
17:30. During this period, three hundred thirty four random visitors agreed on
participating in the preliminary evaluation, two hundred eleven of who were men

(63.17%). Most of the participants were from 16 to 24 years old (70.36%) and were part
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of an organised visit (66.46%). All participants were random visitors of Microcosm who

could speak fluently and understand the English language.

Age Group Type of Visit
u16-24 u Alone
7,78% 8,38% 2,10%6,89%
’ W 25-44 6,29% W Partner
9.88% & Family (with kids)
= 45-64
& Friends
=65+ 8,38%  School
58,08% i Organised Group
Other
Chart 5-1. Participants’ Age Group Chart 5-2. Participants’ Type of Visit

Table 5-1. Distribution of participants by age and sex

16-24 25-44 45-64 65+
(total %) (total %) (total %) (total %)

Male
(total %)
27 14 0

Female 82
(total %) (24.55%) (8.08%) (4.19%) (0.00%)

Total Percentage

123 36.83%

Total

5.2.1 Results

The results of the preliminary evaluation were encouraging as HEAL seemed to be very
appealing to everyone, especially teenagers. The prototype provided a fun game
environment while providing enough information for users to understand (a) the

purpose of the game and (b) how it is connected to CERN, and discern (c) the problem
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presented and (d) the solution offered, thus leaving CERN (e) having an overview of the

entire method of treatment.

Our observations identified the interactivity provided as a particularly attractive design
feature. Visitors often became more excited as they realized they could interact with the
game controls just by using body movements. This seemed to make to game more fun
and interesting, while being educational by introducing some concepts about the angle
and the amount of energy needed to succeed in the game. Table 5-2 shows the

comments provided by the users.

Table 5-2. Participants input on the elements of the game that they liked.

What visitors liked # What visitors liked #
Interactivity 55 Simplicity 7
Fun / Enjoyable 24 Clarity 6
Graphics 15 Ease of Learning 6
Educational / Informative 11 Easy to play 5
Understandable 10 Usability 5
Gameplay 10 Connection with medicine 4
Interesting 9 Fun to learn 3

The preliminary evaluation also revealed some minor bugs in the game prototype that
were later eliminated and tested before the formal evaluation of HEAL. The bugs were
mainly related to the way the game was recognizing players and their movements,
especially when another visitor was entering the interactive space. Table 5-3 shows the
most occurred suggestions for improvement by users. On the top of the list, users
expressed the need of further explanation of what HEAL is about and better instructions
on how to play the game. To achieve that, a more detailed description of Hadron

Therapy, as well as images accompanying the existing text instructions were added to
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the game interface. Problems related to the Kinect2 sensor were identified and
eliminated. Minor changes have also been applied to the gameplay since some
participants seemed to have no positive feelings with some gameplay actions as for
example the spreading of the cancer cells over time. Finally, suggestions such as
climaxing difficulty were not adopted as we believe that a game such as HEAL should be
fast to play and simple enough to not keep the users more than 5 minutes as explained

in previous chapters.

Table 5-3. Participants’ suggestions for improvement.

Suggestion for Improvement # Suggestion for Improvement #
More instructions / explanation 28 Multiplayer 6
Improve sensor accuracy / 22 Difficulty (Harder to win) 6
sensibility

Improve Kinect reception 13 Improve aiming precision 6
Better input feedback 6 Climax difficulty (More levels) 3

Results of each questionnaire are described below in more detail.

5.2.1.2 Questionnaire 1

The first questionnaire included questions for five factors:

1. Satisfaction: whether the game is interesting to use and met the expectations of
its users.

2. Engagement: whether the game was engaging enough to keep playing.

3. Learnability: whether the information is presented in meaningful ways.

4. Qualia: whether the game provided a conscious experience.

5. Motivation/Triggering: whether the game triggered its users to learn more

about its topic after their visit.
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Appendix includes Questionnaire 1 of Preliminary Evaluation

One hundred and ten participants completed the first questionnaire (41 women, 69
men) with most of them being between 16 and 24 years old (69.09%). Seventy-four
participants (67.27%) were part of a group visit while a quite impressive number of
participants (60.9%) travelled more than 100 kilometres to visit CERN. More than sixty-
five participants (>59.09%) visited CERN for educational purposes as shown in Chart
5-6. Only two participants admitted having visited the organisation before, meaning that

for the 98.18% of participants this was the first time visiting CERN.

Table 5-4. Questionnaire 1 - Distribution of participants by age and sex.

16-24
(total %)

25-44
(total %)

45-64
(total %)

65+
(total %)

Percentage

Male 43 22 4 0
69 62,739
(total %) (39.09%) (20.00%) (3.64%) (0.00%) %
Female 33 5 3 0
41 37,279
(total %) (30.00%) (4.55%) (2.73%) (0.00%) %
Total 76 27 7 0 110
69,09% 24,55% 6,36% 0% 100,00%
Age Group Type of Visit
i Alone
u16-24 . %
11,82% 3.64% 636% 5,45% ® Partner
u25-44 818%  Family (with kids)
9,09%
& Friends
45-64
& School
65+ & Organised Group
55,45% Other

Chart 5-3. Questionnaire 1 -

Participants’ Age Group

Chart 5-4. Questionnaire 1 - Participants’ Type of Visit
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& Less than 5km
Education -

2,73%  12,73% & 5-10km R 59,09% / g
20-50km ' 12,73%. £0,91% \

L 50-100km | Entertainment

4,55% | 1636%
2,73% & More than
100km N \s”

Don't Know

Chart 5-5. Questionnaire 1 - Participants’ Travel ~ Chart 5-6. Questionnaire 1 - Participants’ Visit

Distance to visit CERN Purpose

Almost all participants agreed that HEAL was fun to use (99.09%). A similar percentage
(94.55%) admitted that HEAL kept their interest thought-out its use. In relation to the
question of whether they would like to play again 89.09% stated that the game was still
fun to play after one try and 82.73% that they would like to play again. Forty-eight
participants (43.64%) thought the game was easy to win, but only four of them
suggested making it more difficult. Only 4.55% admitted there were times when they
wanted to give up playing while 60.91% would have loved to play longer. In general,
participants were quite engaged to HEAL since 68.18% felt absorbed by the game; a fact
both confirmed and reinforced by the 83.64% of the total evaluation participants who
reported that they were interested in seeing how the games’ events would progress.
Almost half of the participants (43.64%) admitted having forgotten about everything
else while playing. Finally, more than half of the participants (55.45%) were in suspense

about whether they would win or lose the game.

Regarding the learning process, statistics were really encouraging. Most of the
participants (91.82%) believed that the goal of the game was clear, similarly to the
presentation of Hadron Therapy (82.73%). A similar percentage (90.91%) agreed that
the scope of the game was clearly understood. Hence, it comes as no surprise that
72.73% of the participants said that by using the game they learnt what Hadron Therapy

is and how it works. In addition to the above, the majority of participants stated that
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HEAL enhanced their learning process (74.55%) or their exhibition visit (94.55%). The
game technology used by the game (sensors, animation, graphics, sound) was referred
to as a necessary factor for the visitor’s learning process (89.09%). Same was the
percentage of participants who stated that HEAL wouldn’t be as fun if they were using
an input device such as a mouse, keyboard, joystick (89.09%). Overall, 92.73% of
participants enjoyed learning in such environment while 87.27% believes that they
could learn more in such an environment. It was also recommended that such games
should be used more frequently in learning (91.82%) and supplement traditional

learning approaches (89.09%).

Seven out of ten (73.64%) participants stated that while playing they were supported
positively from their peers. While most of the participants answered that they would
recommend HEAL to a friend (82.27%), only some of them (21.82%) would like to share

their score on Social Media.

As mentioned before, since HEAL deals with cancer, approaching of the subject should
be implemented really carefully. The playful side should be kept in order to impart a
pleasant approach, but in a reasonable manner to not make the game childish enough to
trivialize such a sensitive life-threatening health issue or the image of a significant
worldwide organisation. Luckily, only 10.91% of the participants thought that HEAL was

childish.

After playing the game, more than half of the participants expressed that wanted to
learn more about science (61.82%), or CERN technologies (79.09%), or specifically
hadron therapy (76.36%). Out of fourteen people who have stated not being interested
in CERN before their visit, after playing HEAL, ten (71.42%) claimed wanting to learn

more about hadron therapy and eleven (78.57%) about science and CERN technologies.
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In another question, while more than half of the participants (53.64%) agreed that a
two-player competitive version of HEAL would be more entertaining, 82.81% of them
admitted that the single player version is more suitable since it describes better how
hadron therapy works. As shown in Chart 5-8, sixty-four participants (58.18%) voted in

total the single player version as the best describing one.

Most entertaining hypothetical game scenario

6,36% 091% u Single player game
3,64% 15,45%

& Two-player competitive game
20,00%
« Two-player cooperating game
& Multiplayer competitive game

i Multiplayer cooperative game

53,64% & Other

Chart 5-7. Questionnaire 1 - Participants’ Answers of what they believe it would be the most

entertaining game scenario.

Hypothetical game scenario describing better how hadron therapy
works

7.27%  0,91% u Single player game
0,91%

& Two-player competitive game
19,09%

= Two-player cooperating game

i Multiplayer competitive game
58,18%

i Multiplayer cooperative game
13,64%

& Other

Chart 5-8. Questionnaire 1 - Participants’ Answers of what they believe it would be the best

describing game scenario on how hadron therapy works.

Overall, all responders of Questionnaire 1 stated having a good experience (Good -

43.64%, Excellent - 56.36%) of HEAL.
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5.2.1.3 Questionnaire 2

The second questionnaire included questions for four factors:

1. Ease of use: how quickly expert users can accomplish tasks once they have
learned to play the game

2. Ease oflearning: how easy it is for first time novice and casual users to figure out
how to play the game

3. Gameplay Clarity: whether the game contained all information necessary to
evaluate a position and determine the correct play

4. Satisfaction: the user’s overall satisfaction with the game experience.

Appendix includes Questionnaire 2 of Preliminary Evaluation.

Table 5-5. Questionnaire 2 - Distribution of participants by age and sex.

16-24 25-44 45-64 65+ Percentage
(total %) (total %) (total %) (total %)
Male 53 16 4 0
7 779
(total %) (47.75%) (14.41%) (3.60%) (0.00%) 3 6577%
Female 21 11 6 0
0,
(total %) (18.92%) (9.91%) (5.41%) (0.00%) 38 e
Total 74 27 10 0 111
66,67% 24,32% 9,01% 0% 100,00%

One hundred and eleven participants completed the second questionnaire (38 women,
73 men) with most of them being between 16 and 24 years old (66.67%). Sixty-two
participants (55.85%) were part of a group visit while a quite impressive number of
participants (62.16%) travelled more than 100 kilometres to visit CERN. More than

sixty-three participants (>56.76%) visited CERN for educational purposes, as shown in
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Chart 5-12. Only three participants admitted having visited CERN before, meaning that

for the 97.3% of the participants this was the first time visiting CERN.

Age Group Type of Visit
i Alone
“16-24 3,60%0,90%9,91% Part
9,01% 7,21% & rarther
25-44 "“‘ « Family (with kids)
15,32% )
- | & Friends
45-64
i School
565+ 10,81% i Organised Group
Other

Chart 5-9. Questionnaire 2 - Chart 5-10. Questionnaire 2 - Participants’ Type of Visit

Participants’ Age Group

i Less than 5km
Education
56,76%

5,41% 12,61% 5-10km

2,70% & 50-100km
2,70%
i« More than
100km

= Don't Know

14,419
«20-50km ,~

Entertainmen 4
1892% |

Chart 5-11. Questionnaire 2 - Participants’ Chart 5-12. Questionnaire 2 - Participants’ Visit

Travel Distance to visit CERN Purpose

Almost all participants agreed that HEAL was easy and simple to use (92.79%). A similar
percentage said that they didn’t find the game difficult (87.39%) or tiring (79.28%) to
operate. 84.68% of the participants felt confident operating the game. Participants also
described the game as effortless (72.97%). Fifty-two participants (46.85%) claimed that
they could not play the game without instructions, contrary to thirty-three participants
(32.43%) believing otherwise. 90.99% mentioned that they could recover quickly and
easily from mistakes (e.g. wrong amount of energy or direction), while 70.27% stated

that they could play the game successfully, thus vanishing cancer cells, every time. In
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relation to the question of whether any inconsistencies were noticed while using it,
72.07% responded negatively. Regarding the game complexity, participants (89.19%)
didn’t think that the game was unnecessary complex; while only 9.91% of the

participants in total admitted that they wanted to give up while playing.

Regarding the ease of learning, statistics were really encouraging. Most of the
participants (97,30%) stated that HEAL was easy to learn to play. Likewise, 89,49% of
the participants didn’t think that a lot of things were essential to learn before they could
play the game. Hence, it comes as no surprise that (a) 97,30% of the participants learned
to play the game quickly, (b) 99,10% easily memorised the game instructions, (c)
89,19% didn’t believe that the game controls were difficult to understand, and (d)
87,39% claimed that they quickly became good at playing HEAL. It is important to
mention that only 36,94% of the participants admitted having a strong experience with

the X-Box Kinect or Wii sensors.

Since more than half of the participants (63,06%) had no strong experience with either
the X-Box Kinect or Wii sensors, it is quite interesting to take a deeper look into their
game experience regarding the ease of learning. 98,11% stated that HEAL was easy and
fast to learn to play. In addition, 84,91% admitted becoming quickly good at it while
92,45% said the controls of the game were not difficult to understand. In other words,
regardless of the users’ previous experience with either the X-Box Kinect or any other
similar sensors, the evaluation results show that HEAL fulfilled its purpose regarding

the ease of learning.

In relation to the gameplay clarity, participants mentioned that information was
presented in an understandable manner (77,48%). Not only that, they also agreed that
there was a clear feedback provided for their actions (69,37%). Only a small portion of
participants claimed having difficulties while playing HEAL. In more detail, 8,11% of the

participants admitted not knowing what to do while playing the game, 2,70% got
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confused about which of the two sides (floor or wall) they should look at while playing
the game, and only one participant got distracted by elements on either side (floor or

wall) of the game.

After playing the game, participants admitted enjoying playing the game (96,40%). Most
of them mentioned that they would have loved to play longer (76,58%). 86,49% said
that they would like to play HEAL again. Only eleven participants thought the game was
not easy to win (9,91%). Two participants (1,80%) stated that the game goal was not

clear.

Overall, all responders of Questionnaire 2 stated having a good experience (Good -

44,14%, Excellent - 51,35%) of HEAL.

5.2.1.4 Questionnaire 3

The third questionnaire was entirely referring to the psychological impact of HEAL to its
users. Various studies have shown that games have an effect on the emotions of their
users. HEAL is an effort to approach a quite serious and sensitive subject in a playful
way, thus it is quite interesting to study the possible change of emotions while and after

playing the game.

A set of questions followed by a Big Five questionnaire was handed to the evaluation
participants. The reason of including Big Five questions to the evaluation question is to

study further participants’ responses in relation to their personalities.

Appendix includes Questionnaire 3 of Preliminary Evaluation.

One hundred and thirteen participants completed the second questionnaire (44 women,
69 men) with most of them being between 16 and 24 years old (75.22%). Eighty-six

participants (76.10%) were part of a group visit (Chart 5-14).
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Table 5-6. Questionnaire 3 - Distribution of participants by age and sex.

16-24 25-44 45-64 65+ Total Percentage
(total %) | (total %) | (total %) | (total %) (total %)

Mal
ale 57 7 4 1 69 61,06%
(total %) (50.44%) (6.19%) (3.54%) (0.88%)
F 1 2 11
emale 8 5 0 44 38.94%
(total %) (24.78%) (9.73%) (4.42%) (0.00%)
Total 85 18 9 1 113
75,22% 15,93% 7,96% 0,88% 100,00%
Age Group Type of Visit
1,77% Al
& Alone
7,06% 0,88% 1624 9,73% \4'42% 619% __619%  upartner
u25-44 ‘b——iﬂ% & Family (with kids)
& Friends
45-64
i School
W65+ i Organised Group
Other
Chart 5-13. Questionnaire 3 - Chart 5-14. Questionnaire 3 - Participants’ Type of Visit

Participants’ Age Group

Eighteen participants (15.93%) mentioned feeling like they were harming the patient
while playing. However, this percentage gets much higher when participants were asked
whether they felt the same that by letting the cancer cells spread over time (37.17%), a
functionality available only in the preliminary version of the game. Chart 5-15 shows an
overview of the answers regarding this question. On the other side, 73.45% of the
participants agreed that the game graphics helped to not feel emotionally attached to

the patient they were treating. A possible reason could be the use of a humanoid head
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instead of a more realistic one. In any case, since the number of participants annoyed by
the cancer spreading was quite high, it was decided that the tumour growth gameplay

feature would be removed from HEAL'’s formal evaluation.

I felt that by letting the cancer spread, I would harm someone

Agree
21,24%

Disagree
21,24%

Neither Agree or Disagree
22,12%

Chart 5-15. Questionnaire 3 - Participants’ Answers on their sense of hurting someone regarding the

“cancer cells spreading” game element.

I felt that by letting the cancer spread, I would harm someone

100% 7

90% -

80% -

70% A

60% -

50% -

40%

30%

20%

10% 1

0% T T T T T
Stressed Upset Irritated /Angry Sad Despaired Afraid
Stressed Upset Irritated/Angry Sad Despaired Afraid

= Strongly Agree 3 7 3 1 4 2
W Agree 25 18 10 11 7 8

Neither Agree or Disagree 10 11 18 17 14 14

Disagree 40 30 31 34 37 35
® Strongly Disagree 35 47 51 50 51 54

Chart 5-16. Questionnaire 3 - Participants’ Answers on their feelings regarding the “cancer cells

spreading” game element.
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Despite this, participants had a good emotional experience while playing HEAL. 84,96%
felt happy for healing cancer while 82,30% felt a sense of satisfaction and achievement
while playing. More than half of the participants felt like they were helping the patient

(63,72%). A similar percentage (68,14%) felt responsible for curing the patient.

In other questions related to the emotions the participants had while playing the game,
24.78% felt stressed, 22.12% upset, 11.50% angry or irritated, 10.62% sad, 9.73%
despaired, and 8.85% afraid. Chart 5-16 shows participants’ answers. In general
participants felt confident about facing cancer (61.95%). More than half of them stated
feeling powerful (60.18%) while playing HEAL. A similar percentage (60.18%) didn’t

think that dealing with cancer triggered negative emotions.

As mentioned above, participants were also asked to complete a Big Five questionnaire
in order to further study whether their responses were closely associated to their
personality profile. Chart 5-17 shows an overview of the participants’ personalities as

assessed by the Big Five questionnaire.
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Participants' personalities as assessed by Big Five

100% 1 sistent/
tious

90% -

80% 7

70% A
60%
50% A ntive
rious

40% 1

30% -

20% A

10%

0%

Openness Conscientiousness Extraversion Agreeableness Neuroticism

Chart 5-17. Questionnaire 3 - Distribution of participants’ personalities as pairs of Big Five factors.

It is quite noteworthy to mention that 61,90% of the participants scoring high on
Neuroticism stated that HEAL did not trigger any negative emotions. The same applied
to a similar percentage of participants with high score on Agreeableness (59,63%). In
more detail, 69,05% of the first category participants did not get sad while playing the
game. Moreover, 64,29% of the same category said that they did not get upset while
playing HEAL. Only 14,29% of the participants scoring high on Neuroticism claimed
feeling angry while playing. Overall, only one fifth (20,34%) of participants scoring high

on Neuroticism felt sad, upset or angry.

After playing the game, participants admitted feeling stronger against cancer (59,29%).
A quite high percentage expressed feeling hopeful about the future (74,34%) while more
than half of the total participants said that they feel stronger against cancer. Finally,

77,88% mentioned feeling optimistic after playing the game.
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5.3 Formal Evaluation

The formal evaluation of HEAL took place one week after the preliminary evaluation.
Using the latter one’s data and experience, the formal study was designed to cover any

missing spots or clarify uncertainties the preliminary evaluation showed.

The questionnaires handed out to the participants were much shorter and included
more targeted and essential questions, focusing on evaluating the user experience and
the learning processes used as well as on examining the impacts to the users’

psychology. Appendix includes Formal Evaluation Questionnaire.

In total, 24 statements have been included in only one questionnaire. Statements were
worded carefully and long, ambiguous, leading and biased questions were avoided.
Three types of questions were used: likert, multiple choice and open questions. Most of
the statements were presented in scales as Likert items from 1 meaning “strongly
disagree” to 5 meaning “strongly agree”. All of the questionnaires included
demographics questions, most of which were of type multiple choice. In these questions,
participants would need to choose just one response from a list of alternatives. Finally,
one question that promoted participants to express their life experience was open,

allowing respondents to formulate their own statements.

In this study, the following types of non-responses were identified and questionnaires

were excluded from the evaluation:

1. The respondent has not responded to one or more questions. The reason might
have been by choice or simple overlooking of the question(s).
2. Response was invalid, e.g. where only one answer was required but the

respondent selected several responses.
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Table 5-7. Formal Evaluation - Distribution of participants by age and sex.

16-24 25-44 45-64 65+ Percentage
(total %) (total %) (total %) | (total %)

Male 150 82 21 6
2 49
(total %) (32.40%) (17.71%) (4.54%) (1.30%) 59 SN
Female 104 64 33 3
0,
(total %) (22.46%) (13.82%) (7.13%) (0.65%) 204 U0
Total 254 146 54 9 463

54,86% 31,53% 11,66% 1,94% 100,00%

The formal evaluation was conducted at the same place as the preliminary evaluation,
Microcosm, and it was conducted over a two-month period (from April 28th to July 1st).
During this period, four hundred sixty three random visitors agreed on participating in
the formal evaluation, two hundred fifty nine of whom were men (55,94%). Most of the
participants were from 16 to 24 years old (54,86%). All participants were random

visitors of Microcosm who could speak fluently and understand the English language.

The overwhelming percentage of 80.56% of participants admitted knowing a person
diagnosed with cancer (Chart 5-18). Only one third of them didn’t feel comfortable
enough to share more information about this topic (Chart 5-19). Almost half of the
participants (45.45%) who shared information had at least one person diagnosed with
cancer. In most cases, participants mentioned either a grandparent (20.91%) or a friend
(20.38%) being offended by this disease. Chart 5-21 shows the three main types of

relationship participants referred having with people diagnosed with cancer.

One hundred and fifty eight participants expressed with their own will some of their
feeling regarding this situation, a person from their environment being diagnosed with

cancer. Table 5-8 shows the most reported emotions. At the top of the list, sadness is the
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most felt emotion, followed by fear and helplessness. It should not escape our notice that

the entire list of mentioned emotions consists only of negative feelings.

Did you ever know a person
diagnosed with cancer?

Yes

& No

Infromation shared by
participants with their own will
(Free text)

i No information

u Gave
information

Chart 5-18. Formal Evaluation - Participants’

Answers on whether they know(/knew) a

person diagnosed with cancer.

Chart 5-19. Formal Evaluation - Participants’
willingness to provide more information on the
people diagnosed with cancer they

know(/knew).

Did you ever know a person
diagnosed with cancer?
(Free text)
i Atleast1
i At least 2

. Atleast 3

>4

= Didn't
mention

Did you ever know a person
diagnosed with cancer?
(Type of Relationship)

i Relatives
& Friends

Relatives & Friends
& Medicine Related

(Doctors, Nurses, etc)

¥ Didn't mention

Chart 5-20. Formal Evaluation - Participants’

willingness to provide more information on the

people diagnosed with cancer - How many

people do(/did) they know with cancer?
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willingness to provide more information on the

people diagnosed with cancer - What type of

relationship do(/did) they have with the people with

cancer?




Table 5-8. Formal Evaluation - Participant’s emotions for people they know(/knew) diagnosed with

cancer, as expressed in their own will.

Visitors’ Emotions for # Visitors’ Emotions #

people diagnosed for people diagnosed
with cancer with cancer

Sad 58 Bad 8

Afraid 13 Shocked 5

Helpless 11 Devastated 5

Not nice 10 Powerless 4

Worried 9 Upset 4

In relation to the question of how comfortable they felt when talking about cancer
before playing HEAL, only 16.41% claimed feeling uncomfortable about it (Chart 5-22).
The Mann-Whitney U Test also confirmed that participants who shared any kind of
information regarding the people they know being diagnosed with cancer, were feeling
more comfortable talking about cancer than people who chose not to share any

information (p = 0.005).

Comfort felt while talking about cancer before playing HEAL

Very unconfortable
Very comfortable 2,599 Uncomfortable

16,41% 13,82%

Comfortable Neutral
33,69% 33,48%

Chart 5-22. Formal Evaluation - Participant’s comfort when talking about cancer before playing the

HEAL game.

Chart 5-23 is an overview of the participants’ answers in questions related to their

frame of mind while interacting with HEAL. From a first look, one may observe that the
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overall outcome is positive. In more detail, while playing almost half of the participants
(49.89%) did not feel that they were dealing with cancer. While this may seem a desired
result with a positive outcome, some may argue that this is a sign of disrespect as users
have too much fun and forget about the game’s purpose. The evaluation results have
shown that there is an almost perfect balance between fun and seriousness. 36.50%
claimed focusing more on destroying the cancer cells, while 38.66% mentioned focusing
more on winning the game. In either case, only 4.75% believes that a game about cancer
triggers negative emotions. A big portion of the participants (62.63%) expressed that
the game was a light-hearted approach to a sensitive issue. One third of the participants
claimed that the HEAL helped them feel more at ease about cancer, and more than half
believe that approaching cancer through gaming is more comfortable than talking in

person about it.
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HEAL's impact to the users’ psychology

B Strongly Disagree ~ ® Disagree Neither Agree or Disagree Agree W Strongly Agree

I believe approching cancer
through gaming is more
comfortable than talking

in person about it

I believe the game is a
light-hearted approach to
a sensitive issue

The game helped me feel
more at ease about cancer

A game about cancer triggers
negative emotions

While playing I focused more
on winning the game than
destroying cancer cells

While playing I did not feel I
was dealing with cancer

40% 60% 80% 100%

20%

0%

I believe
While playing I . approching
. . I believe the cancer
While playingI | focused more A game about | The game helped ) .
. - . game is a through gaming
did not feel I on winning the | cancer triggers me feel . .
. . . light-hearted is more
was dealing with game than negative more at ease
. . approach to |comfortable than
cancer destroying emotions about cancer A )
a sensitive issue talking
cancer cells .
in person about
it
® Strongly Disagree 3,89% 7,13% 30,89% 3,24% 4,75% 2,16%
¥ Disagree 22,03% 29,37% 47,95% 11,66% 11,02% 9,50%
Neither Agree or Disagree 24,19% 24,84% 16,41% 51,19% 21,60% 34,34%
Agree 35,42% 27,65% 4,32% 28,29% 49,24% 42,33%
= Strongly Agree 14,47% 11,02% 0,43% 5,62% 13,39% 11,66%

Chart 5-23. Formal Evaluation - Participants’ Answers on HEAL’s impact to their psychology.

In general, results have shown that user’s psychology has not been affected negatively
while interacting with HEAL, even though its saddening nature. Chart 5-24 shows
participants’ comfort about talking for cancer after the game. One out of five participants
claimed feeling more comfortable after interacting with the game. It is also worth
mentioning that none of the participants mentioned feeling less comfortable after

interacting with HEAL.
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Comfort felt while talking about cancer after playing HEAL

Less comfortable
0,00%

More comfortable
21,81% ‘

Same
78,19%

Chart 5-24. Formal Evaluation - Participant’s comfort when talking about cancer after playing the

HEAL game.

Regarding learnability, results were also promising. In order to evaluate the quantity
and quality of information assimilated by participants, a couple of questions were added
to the questionnaire related to the background knowledge they had before visiting

CERN'’s permanent exhibition, Microcosm.

As shown in Chart 5-25, Chart 5-26 and Table 5-9, while quite more than half (67.17%)
participants knew about CERN'’s contribution to society (e.g. WWW, Grid), only 38,88%
of them had heard about proton therapy. Only three out of ten people knew both about
CERN’s contribution and Proton Therapy before their visit at Microcosm. Almost one
fourth of the participants knew nothing about CERN'’s activities outside the physics field.
These results prove the urgent need of informing the public about the organisation’s

contribution besides physics.
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Before visiting Microcosm, did
you know about CERN's
contribution to our society?

& Yes

& No

Before visiting Microcosm, did
you know about Proton Therapy?

i Yes

& No

Chart 5-25. Formal Evaluation - Participants’

input on their previous knowledge on CERN’s

contribution to society.

Chart 5-26. Formal Evaluation - Participants’ input

on their previous knowledge on Proton Therapy.

Table 5-9. Formal Evaluation - Participant’s input on their previous knowledge regarding CERN’s

contribution to society and Proton Therapy.

Before visiting Microcosm...

Knew about Proton Therapy
Total | Percentage
(total %) (total %)

Yes
311 67.179
Knew about (total %) (30.67%) (36,50%) %
CERN'’s
contribution to 114
: No
t 152 32.83%
SEEY (total %) (8.21%) (24.62%) ’
180 283 463
After interacting with HEAL, participants were asked about the information

acknowledged by using the game (Chart 5-27). Almost 80% of the participants (79.91%)

claimed understanding what Hadron Therapy is and how it works by using HEAL. Only

3.67% of the participants said that the presentation of Hadron Therapy was not clear.

Moreover, 92.22% suggested the more frequent use of such games in learning.
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B Strongly Disagree

The presentation of
Hadron Therapy
was clear

By using the game
I learned what Hadron
Therapy is and how
it works

I think such games
should be used
more frequently in
learning

m Disagree

0% 20%

Neither Agree or Disagree

40% 60%

Agree

Participants' opinion on HEAL's informational scope

B Strongly Agree

80% 100%

S

I think such games By using the game The presentation of
should be used Ilearned what Hadron
. . Hadron Therapy
more frequently in Therapy is and how
. h was clear
learning it works
u Strongly Disagree 0,00% 0,86% 0,43%
® Disagree 1,51% 3,67% 3,24%
Neither Agree or Disagree 6,26% 15,55% 11,02%
Agree 41,25% 52,48% 59,61%
m Strongly Agree 50,97% 27,43% 25,70%

Chart 5-27. Formal Evaluation - Participants’ opinion on HEAL’s informational scope.

In order to evaluate whether participants expressed their honest opinion, a set of
multiple choice questions have been included in the questionnaire. In this way, we can
verify whether HEAL fulfilled its informational purpose and participants actually have
drawn the information intended to transmit through HEAL. To eliminate random
answering, in two of the three questions, a verification question was included as well

asking to select a justification for participants’ previous answer.

Chart 5-28 shows participants’ answers in questions related to HEAL’s informational
purpose. From a first look one may observe that the majority of participants
apprehended the information that HEAL provided them either from its gameplay
metaphors (e.g. aiming, kicking, etc.), or from its graphical interface. 71.49% of the

participants answered correctly in both the first question and its verification, 63.71% in
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both the second question and its verification, and finally 97.41% answered correctly in

the third question.

Evaluation results for learnability questions

B Wrong Answer ™ Correct Answer

Question 1
Question 1 - Verification
Question 2

Question 2 - Verification

Question 3

I\-I -I L I- I-/I

Chart 5-28. Formal Evaluation - Evaluation Results for learnability questions.

In case a participant answered a question correctly but the verification of this exact
question wrongly, or in reverse, we considered the answer to that question as wrong.
Chart 5-29 and Chart 5-30 show participants’ answers regarding the first two questions,
which also had verification questions. The number of participants having both the

question and its verification wrongly answered is really small.

Having the above-mentioned assumption in mind, only four participants answered all
three questions wrong (0.86%), while almost half of the participants answered all
questions correctly (49.03%). Chart 5-31 shows the number of the total correct answers

participants gave.
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Participants' answers in learnability questions

H Both answers wrong One answer correct M Both answers correct

0% 20% 40% 60% 80% 100%

20,30%

Question 1

{30% 34,99%

L

Question 2

e

Question 2 Question 1
H Both answers wrong 1,30% 8,21%
One answer correct 34,99% 20,30%
B Both answers correct 63,71% 71,49%

Chart 5-29. Formal Evaluation - Participants’ answers for the first two learnability questions.

Learnability answers Answers Learnability
All
350 1 331 answers Only one
295 wrong answer
300 A 0,86% correct
v ® Both answers 14,69%
Q 250 1 correct
=
5 200 62 One correct
S ——  answer
5 150
£ 4. H Both answers
5 100 wrong
4 'wo
50 > All answers
6 answers correct
0 r/’ correct 35,42%
' ' 49,03%
Question 1 Question 2

Chart 5-30. Formal Evaluation - Participants’ answers Chart 5-31. Formal Evaluation - Participants’

in numbers for the first two learnability questions. answers in learnability questions.

Consequently, as shown by participants’ answers, HEAL did fulfil its learning purpose
since participants claimed of having learnt what Hadron Therapy is and how it works.
This also gets verified from their correct answering in a set of learnability questions. The

evaluation showed that only 11.66% of participants had a wrong perception of Hadron
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Therapy. This is because although they claimed having a good understanding of what
Hadron Therapy is and how it works after playing the game, they replied to more than

half of the questions wrongly.

It is also worth mentioning that for a small number of participants (125 out of 463) the
time spent interacting with HEAL was also documented. Chart 5-32 shows how much
time participants spent using the game. It is quite impressive to mention that fifty two
out of one hundred and twenty five participants answered correctly to all learnability
questions by only spending no more than 30 seconds of interaction with HEAL
(41.60%). This number gets much higher for participants who spent up to 60 seconds
(77/125 - 61.60%). Chart 5-33 shows the number of correct answers given relatively to
the time spend interacting with HEAL. While the sample not be big enough, there is a
distinct trend that most users acquire the needed knowledge during their first minute of
interaction with HEAL. A couple of tries with the game seem to be enough in order for
participants to understand what Hadron Therapy is and how it works. This seems to be
the same case even when users get the wrong perception of a game’s purpose. Playing
longer HEAL did not lead into users getting a clearer understanding. On the contrary,
users’ perception was formed during the first minute of interaction, similarly to the first
case. This means that users acquire their perception during their first minute of

interaction with the game, regardless of whether this is correct or not.
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Time spent interacting with HEAL

1,60%

6,40% _\ [

0,80%
0 to 30 secs

W 31to 60 secs
25,60%
. 61t090 secs
65.60% E91to 120 secs
) 0

i More than 120 secs

Chart 5-32. Formal Evaluation - Participants’ time spent interacting with HEAL.

Answers in time

o))
[=]

/

m All three correct

/

Two correct

= One correct

® None correct

Number of answers
w
(=)

/

«%

‘ 0-30 31-60 Time in 6econds 91-120 121-
0-30 31-60 61-90 91-120 121-
u All three correct 52 25 6 2 1
Two correct 21 7 1 0 0
® One correct 8 0 1 0 0
® None correct 1 0 0 0 0

Chart 5-33. Formal Evaluation - Participants’ number of correct answers given relatively to the time

spend interacting with HEAL

Overall, 92.01% of the participants stated having a good experience (Good - 63.07%,

Excellent - 28.94%) with HEAL.
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Overall experience

Poor Fair

0,00%, [1,519% | Averase
~

l_6,48%

Excellent
28,94%

Good
63,07%

Chart 5-34. Formal Evaluation - Participants’ overall experience with HEAL

5.4 Discussion

Nano-games seem to head in the right direction as HEAL’s evaluation showed some
promising results when put under the pressure of loads of visitors. CERN’s Microcosm
has 400 visitors in average per day and its open for 9 hours on working days, and for 8
hours on Saturdays. It is quite common for more than 5 people (even 20) arriving at the
same time and, since a visit lasts approximately 1.5 hours, they only spend a few
minutes at one exhibit. Since the majority of the visitors have never visited CERN before
and one fourth of its visitors has no knowledge about CERN’s activities outside the
physics field, the challenge to deliver the main message(s) gets even more elusive. This
can be feasible with nano-games. Doing some simple calculations, on a working day
having 400 visitors, each one can play HEAL spending 1 minute and 21 seconds. Having
in mind the evaluations’ results, 1:20 minutes is more than enough for a visitor to get
the main message(s) that the nano-game is willing to pass to its players. This is verified
by the fact that participants who agreed that the hadron therapy presentation was clear

also responded correct to all learnability questions (y2(12)=44.547, p=0).

Page 132



In addition to the above, a MIO can have more than one nano-games. Since its purpose is
fulfilled in a matter of seconds, visitors can play a number of nano-games and acquire in
a playful way the needed information they were seeking for. This would not be possible
with games that last tens of minutes or even need training in order to be played. As
already presented in [75], micro-games are described as a “means to reinforce and
integrate part of the knowledge learnt in the expository lecture” and are lectures’
supplements. For their evaluation, students from four high schools participated
answering a) an immediate post-questionnaire, and b) a one month delayed post-
questionnaire. The full questionnaires were not available in [75]. Results seemed
encouraging as the micro-game was at least as effective as traditional instruction, when
measured immediately after the exposure and reinforced and integrated knowledge was
retained better. On the other hand however, nano-games are presented as an
independent, self-contained approach, with no need for introduction or briefing, either
before of after their use. While an info-box was available, it does not imply that users
actually took the time to read it, as no data were collected to this end. In addition to the
above, our evaluation took place in an international organisation, CERN, visited by a
high variety of visitors in the terms of several aspects such as sex, gender, nationality,
background knowledge, etc. The formal evaluation showed that 350 out of 463
(75.59%) participants come from countries outside Switzerland, France, Germany, Italy
and Austria to visit CERN. As a result, one can assume that due to the long-distance
limitation, visitors are not able to revisit often. This, along with the anonymity of the
questionnaires, makes the possibility of post-questionnaires for our evaluation

unattainable.

By playing HEAL we believe that, apart from finding out about a quite new cancer
therapy that most people do not even know it exists, a wide variety of users’ questions
can be answered. For example, some questions include “what hadron therapy is and

» o« » o«

how it works”, “why prefer it to some other treatment”, “what is the connection between
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CERN and medicine”, “how can CERN be related to other research fields that seem to be
irrelevant”, and “how technologies developed at CERN can be affect our everyday life”.
HEAL'’s evaluation showed that more than half of the visitors (61.60%) who spent no
more than a minute interacting with the nano-game, were able to answer correctly to
some learnability questions. The questions were targeted to HEAL’s messages to pass,

accompanied with justification questions in order to eliminate randomised answering.

The first statement participants were asked to agree or not, was “Protons used in proton
therapy destroy everything in their way, until the moment they stop.” (Correct Answers:
“Disagree” - “Selecting the correct energy”). To answer correctly this question and its
verification question, participants need to first be able to answer the following
questions: “what hadron therapy is and how it works” and “why prefer it to some other
treatment”. As described in paragraph 4.1.2 in Proton Therapy machines are used to
direct radiation to the tumour. By controlling the amount of energy given to the protons,
one can determine the depth in which they penetrate. Also, due to the Bragg Peak
degradation, Proton Therapy causes less damage to healthy tissue than Conventional
Radiation Therapy. In HEAL, users need to adjust the energy in order to control protons’
penetration depth. If a user selects the maximum possible energy, the cancer cells
located in the proton beam’s direction will not be affected. This will not happen if the
amount of energy is carefully selected for the beam to stop exactly at the depth the

cancer cells are located.

The second statement participants were asked to agree or not, was “Proton therapy uses
accelerator technologies derived from CERN research.” (Correct Answers: “Agree” -
“The graphics on the floor”). To answer correctly this question and its verification
question, participants need to first be able to answer the following questions: “what is
the connection between CERN and medicine”, “how can CERN be related to other

research fields that seem to be irrelevant”, and “how technologies developed at CERN
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can be affect our everyday life”. Throughout the gameplay, HEAL users are asked to
physically kick for the proton beam to start accelerating. A CERN accelerator is visible
on HEAL'’s “Floor” side, showing the accelerating particles which are later transferred to

the “Wall” side and then irradiated to the humanoid’s head.

The last statement participants were asked to agree or not, was “CERN has no relation
with medicine.” (Correct Answer: “Disagree”). Similarly to the second statement,
participants needed to be able to answer the same set of questions in order to correctly

answer this statement.

For participants answering correctly to all learnability questions, we believe that
learning has occurred as they were able to note the general idea behind the nano-game

they interacted with, as asserted by Falk and Dierking [15].

Another aspect that had not been mentioned above could be the cost of developing a
nano-game. Nano-games are self-contained games of a single level of difficulty, contrary
to other games where more than one difficulty levels are available. Usually, small MIOs
do not have the economic vigour (e.g. human resources) to fund expensive games. Nano-
games offer the alternative of an inexpensive, yet qualitative implementation since due
to their shortness and simplicity, one does not need to develop as much as they would

when developing a multilevel game.

Finally, during our evaluation there were a few cases where visitors had physical
disabilities, either temporary (broken arm or leg) or permanent (paralysed hand or leg).
In case one of their hands was functional, visitors were able to play the game with no
issues by using only one hand for both controllers. There were also cases where visitors
would use a wheelchair. HEAL was able to identify the user and, albeit the user was not
able to physically kick, just by moving the wheelchair forward they were able to

simulate the “kick” gesture and be able to play. Such cases are not seldom as recent
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statistics on the situation of people with disabilities in the European Union showed that
14% of people aged 15-64 report a basic activity difficulty (e.g. walking, hearing, seeing)
[122]. With one out of seven people having a disability, we believe that there is an
evident need for looking more into how nano-games using body gestures as controllers
respond in such cases. Even though HEAL responded well for people with disabilities
and is optimistic, we believe that the cases we had are not enough to draw conclusions,

so we leave it as future work.

Based on our evaluation, we claim that HEAL follows the Seven Principles of Universal
Design as developed in 1997 by a team led by the late Ronald Mace [123]. These
principles guide the design process and educate both designers and consumers about

the characteristics of more usable products and environments. HEAL offers:

1. Equitable Use, as all visitors regardless of their origin, age, background or
skills could successfully use the nano-game and achieve its goal.

2. Flexibility in Use, since visitors could use either or even both of their hands
and feet to operate the game, at their pace.

3. Simple and Intuitive Use, considering the feedback received from the
evaluation participants.

4. Perceptible Information, since clear and understandable instructions were
provided to HEAL users. Also, the main message of the game was
communicated correctly to most of its users.

5. Tolerance for Error, as in case a player failed to achieve the goal (destroy
cancer cells) the humanoid patient would not get harmed and the player was
able to try again.

6. Low Physical Effort, considering HEAL exploits the mechanics of well-known

and popular games as well as user’s biologically primary knowledge.
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7. Size and Space for Approach and Use, since users can use it regardless of
their body size, posture, or mobility. Yet, as mentioned before, further

evaluation is suggested for people with disabilities.

5.5 Limitations & Future Work

We believe that nano-games offer MIOs the opportunity to provide a fast, yet qualitative
informational experience to their visitors. Regardless of their shortness in time or of the
crowds that may exist, especially in peak hours, visitors are able to get the maximum
interactive experience possible in a matter of seconds. Moreover, MIOs ensure that
every visitor leaves their venue with an understanding of what they wished to
communicate through a fun medium. For a MIO like CERN, where the exhibitions have a
strong basis on physics, full-body interactive nano-games can offer a viable approach to

help convey the message to the visitors.

However, one could envisage the usage of nano-games in the context of other types of
MIOs, in fields other than physics. For example, nano-games could be exploited in
history of sports museums to offer insights on games mechanics or ergonomics. Another
example could be in a geology museum to help understand the pressure and heat

required to create a diamond.

Working in a real life setting in a crowded venue like CERN, we had to respect
organisational issues and not interrupt the visitor flow. For this reason, we proceeded
with a grab sampling process. This type of sampling process, being non-probability,
implies that it is more flexible in a real venue setting, but it also means that we cannot
easily generalise the findings. Keeping these in mind, the nevertheless strongly

significant results of the present work, can be read as strong indicators of possible
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tendencies. However, the present work also used a rather large sample (N=463) to

increase the reliability of its findings.

In the near future we are planning to test the suitability of nano-games to other more
traditional MIOs, especially museums and cultural venues. We foresee that, depending
on the MIO, special effort may be required to identify the main message(s) to be
conveyed through the nano-game and design nano-games that manage to communicate
the message to the visitors. Also, we are looking into using small demo videos or
animations, instead of images, on how to play the nano-games. The demo videos will be
automatically triggered as soon as a visitor enters the interactive space aiming to attract

her to play the game.
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Discussion

As MIOs seek to attract and engage more visitors, they need to find ways to understand
visitor expectations and experiences, and be responsive to a variety of interests and
needs. In addition, MIOs need to ensure that every visitor leaves with an understanding
of the basic message(s) the exhibition wishes to communicate. MIOs have reverted to
the development of interactive content in an effort to provide information in a playful

and engaging way.

A major obstacle in efficiently communicating the exhibition’s message(s) is that of the
restricted visiting time. Research has shown that MIO visitors spend no more than 90
minutes in exhibitions [12, 21-26], and at most 2 minutes [27, 28] in front of an exhibit.
This is more challenging when visitors are part of a group visit when they have to go
with the flow of the group and follow a schedule. Also, it is not unusual that group’s
points of interest are not of the same importance for all of its members. This can lead to

skipping exhibits in order to gain time and get back to schedule for the group’s agenda.

Existing approaches, even though promising, require user profiling obtained by either
questionnaires or observation. In the case of questionnaires, visitors are not always
willing to provide the time or information needed, especially when they are part of a
group visit. On the other hand, observation needs enough data to be collected in order

for a user profile to be formed.
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To this end, we suggested a holistic approach on exploiting all phases of visitors’ time
before (Phase A), during (Phase B) and after their visit (Phase C) in order to provide a
better and more personalised Quality of Experience (QoE). We viewed Phases A and C as
an extension of the actual visit and an opportunity to better identify visitor’s needs and
offer a post visit experience, as described in Chapter 2, For Phase B, as described in
Chapter 3, we proposed nano-games to be used during one’s visit in an effort to

communicate in a fun way the MIOs main message(s) quickly.

To evaluate our proposal, two approaches, named “My Museum Experience” and “HEAL”
were developed. “My Museum Experience” is a Visit Elongation component bundle
exploiting Social Media games to form user profiles that are later used to the actual MIO
visit, as well as attract new MIO visitors. “HEAL” is a Message Passing nano-game

aiming to communicate correctly a MIO’s message within tens of seconds.

Evaluations took place in modern, cutting-edge MIQ’s, in order to assess whether the
proposed approach could be followed in spaces other than conventional museums.
Chapters 2.4.5 and 5.3 describe the followed procedure and analyse all participants’

answers. All evaluations showed promising results with the most important ones being:

e Social Media games can reveal cognitive styles. Users’ choices throughout the
gameplay reveal their personal interests.
e Nano-games can pass basic messages in a fast and fun way, regardless of users’

experience.

Even though a MIO can adopt either of the Visit Elongation or the Message passing
approach, we believe that a combination of the two will provide the most beneficial

results. MIOs can have a “My Museum Experience” component bundle, as well as several
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nano-games available in their exhibition. In a case scenario when one is to visit a MIO in
the next month as part of a group visit, their schedule is predefined by the group and
their time will be limited. Assuming they are aware of the MIOs Social Game (“My
Museum Story”), they would interact with it before their visit. The derived user profile
would be ready to use once they visit the MIO. Fast-forward to a month after, when the
visit happens, the MIO’s recommendation engine (“My Museum Guide”) would show
personalised information and recommendations to the visitor, that may include playing
one or more nano-games, depending on the game’s basic message and the user’s
preferences. During or after their visit, users can share their experience to their Social

Media acquaintances, keeping the interest alive while attracting more people to the MIO.

Evaluation has also showed promising results for people with disabilities, even though a

more targeted evaluation should be held, especially in the terms of nano-games.

We are confident that our approach can effectively overcome the issue of visitors leaving
MIOs unsatisfied of their experience and with no understanding of the MIO’s basic
message(s). We believe that our approach can be adopted by any MIO, regardless its size
or topic. Guidelines presented in this thesis can be adapted to each MIOs needs in order
to create a “My Museum Experience” component bundle and/or one or more nano-
games. Nano-games could also be used in education (schools, universities, etc) in order
to provide a fast and fun way for students to acquire difficult concepts in a short period

of time.

Limitations such as visitors not having access to the technology or equipment needed to
follow this approach can be addressed from MIOs themselves, by providing
smartphones or tablets to their visitors in order to access the “My Museum Experience”
component bundles, returned to the venues after their visit. Nano-games’ cost can be
reduced by using one TV/screen and by avoiding the use of controllers, as they can be

prone to breaking due to heavy use.
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Appendix

I. Cover Letter

SURVEY

“Impact of Games on Serious Health Diseases”

Dear Participant,

My name is Jenny Rompa and I am a Doctoral student at CERN coming from the University of
Peloponnese. For my doctoral dissertation, | am examining the experience users acquire from
interacting with games related to serious health diseases. Because you played the “HEAL”

game, | am inviting you to participate in this research study by completing the attached survey.

The following questionnaire will require approximately 2 minutes to complete. There is no
compensation for responding nor is there any known risk. In order to ensure that all information
will remain confidential, please do not include your name. All of the response in the survey will
be recorded anonymously and be strictly used for scientific purposes only. Copies of the
project will be provided to my CERN and University of Peloponnese instructors as well to the
Ph.D. committee that will conduct the qualifying examination. If you choose to participate in
this project, please answer all questions as honestly as possible and return the completed
questionnaires promptly to me. Participation is strictly voluntary and you may refuse to

participate at any time.

Thank you for taking the time to assist me in my educational endeavours. The data collected will
provide useful information regarding the evaluation research to be conducted. Completion and
return of the questionnaire will indicate your willingness to participate in this study. If you

require additional information or have questions, please contact us at the.heal.game@cern.ch.

Sincerely,

Jenny Rompa

Doctoral Student at CERN
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II. Questionnaire 1 of Preliminary Evaluation

Tell us a little bit about yourself

A.You are: OO Male O O Female
B. What age group do you fall into? 0O 16-24 0 [0 25-44 00O 45-64 od
65+

C. Your country of birth:

With whom are you visiting this museum today?
IO Alone IO Partner IO Family (including children aged under 16)
OJO Friends IO School Party JO Organised Group ] Other:
Approximately how far did you travel to get here today?
OO Less than 5 kilometres [ 5-20 kilometres O 20-50 kilometres
0O 50-100 kilometres 0O More than 100 kilometres OO Don’t know

What is the main purpose of your visit? Please select all that apply.

OO Education 0O Entertainment OO Work O Other:
A. s this your first time using this game? [JO Yes OO No
B. Ifnotyour first time, including today, how many times have you used the game?
A. How did you first find out about this game?
OO From friends/ relatives 0O Media - Social Media
0O Noticed it in passing O oOther:

B. In case you found out from friends/relatives, do/did they have any connection with CERN?
OOYes OONo

Please select the box that corresponds to your answer regarding your game experience.

Strongly
Disagree
Disagree
Neither
Agree or
Disagree
Agree

Strongly

Agree
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Disagree

Disagree

Agree or

Disagree

Agree

Agree

The game was fun to use

The game was childish

The game held my interest throughout its use

The game was still fun to play after one try

The game was easy to win

The goal of the game was clear

I would like to play the game again

[ would recommend this game to a friend

I would like to share my time score on Social Media (e.g. Facebook,
Twitter, Google+)

While playing I forgot about everything else

[ felt absorbed by the game

[ was interested in seeing how the games’ events would progress

I was in suspense about whether I would win or lose the game

There were times when [ wanted to give up playing

I would have loved to play longer

By using the game I learned what Hadron Therapy is and how it works

I enjoy learning in this environment

I could learn more in this environment

The game enhanced my learning process

I was supported positively from my peers

I think such games should be used more frequently in learning

The scope of the game was clearly understood

The presentation of Hadron Therapy was clear

The game enhanced my exhibition visit

The technology used (sensors, animation, graphics, sound) contributed
to the learning process

The game wouldn’t be that fun if I were using an input device (e.g.
mouse, keyboard, joystick) to control it.

Such games should be used to supplement traditional learning
approaches

The graphics used in the game are appropriate

When I came in, I was not interested in CERN

After playing, I want to learn more about science

After playing, I want to learn more about CERN technologies

After playing, I want to learn more about hadron therapy

I have a strong experience playing with Wii or X-Box Kinect

OoOooo O O ooooofboboDO0DOO0O0 OOoDOoOOoOoog| Stongy

OOooDood O O OooopbQbodooOooooOooo OooooOooood

OO0OOo0O0O0OoOO0O0oOoO OO0OOO0OO00004d| Neither

oooOooo O O OooOoooO

oooOooo0o O 0O OOoOooooobooOooooOooobo ooooooood

Ooooo0o O O oooopopbffbObooooobofono OoO0o0O0o0Odo0d] strongly

8. HEAL is a single player interactive game. In a hypothetical scenario, which case do you think would be

the most entertaining to use?

00 Single Player Game/Player against cancer (Current Game Scenario)

0O Two-Player Game/Competing against a friend. The one who vanishes cancer faster, wins.

[JO Two-Player Game/Cooperating with a friend. Attacking cancer by using two gantries instead of

one.

CJOMulti-Player Game (More than 2)/Competing with friends through publishing scores on Social

Media (e.g. Facebook, Twitter, Google+). The one who vanishes cancer faster, wins.

O Multi-Player Game (More than 2)/Cooperating with more than one friends at the same time and

space.
OO oOther:

9. HEAL is a single player interactive game. In a hypothetical scenario, which case do you think would

describe better how hadron therapy works?

[JOSingle Player Game/Player against cancer (Current Game Scenario)
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LJOTwo-Player Game/Competing against a friend. The one who vanishes cancer faster, wins.

OOTwo-Player Game/Cooperating with a friend. Attacking cancer by using two gantries instead of
one.

CJOMulti-Player Game (More than 2)/Competing with friends through publishing scores on social
media (e.g. Facebook, Twitter, Google+). The one who vanishes cancer faster, wins.

COMulti-Player Game (More than 2)/Cooperating with more than one friends at the same time and space.
OOO0ther:

10. What do you particularly like about this game?

11. What aspects do you think need to be improved?

12. How would you rate your overall experience?

OO Poor 0O Fair 0O Average 0O Good 0O Excellent

I11. Questionnaire 2 of Preliminary Evaluation

1. Tell us a little bit about yourself

A.You are: OO Male OO Female
B. What age group do you fall into? OO0 16-24 OO 25-44 OO 45-64 oo
65+

C. Your country of birth:

2. With whom are you visiting this museum today?
O Alone 0O Partner 0O Family (including children aged under 16)

OO Friends 0O School Party 0O Organised Group O Other:

3. Approximately how far did you travel to get here today?
OO Less than 5 kilometres O 5-20 kilometres O 20-50 kilometres

OO 50-100 kilometres O More than 100 Kilometres O Don’t know

4. What is the main purpose of your visit? Please select all that apply.

OO Education OO Entertainment 0O work O Other:
5. A. Isthis your first time using this game? OO Yes JO No
B. Ifnotyour first time, including today, how many times have you used the game?
6. A. How did you first find out about this game?
0O From friends/ relatives 0O Media - Social Media
[JO Noticed it in passing CJOOther:
B. In case you found out from friends/relatives, do/did they have any connection with CERN?

OOYes [OONo
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7. Please select the box that corresponds to your answer regarding your game experience.

Strongly
Disagree

Neither

Disagree

Agree

Agree

The game was easy and simple to use

Using the game was effortless

I could play the game without instructions

I didn’t notice any inconsistencies while using it

I could recover from mistakes (e.g. wrong amount of energy or
direction) quickly and easily

I could use it successfully (vanishing cancer) every time

I found the game unnecessarily complex

I found the game difficult to operate

I felt confident operating the game

I found the game tiring to operate

There were times when [ wanted to give up playing the game

I think other users would like it

I learned to play the game quickly

I easily memorised how to play

It was easy to learn to play

I quickly became good at it

I needed to learn a lot of things before I could play

The controls of the game were difficult to understand

The game presented information in an understandable manner
The game clearly provided feedback about my actions

It was hard to know what to do in the game

I got distracted by stuff on the wall side and floor side to look at
I often did not know if I would have to look at the wall side or floor side
[ enjoyed playing the game

I would have loved to play longer

The game was easy to win

The goal of the game was clear

I would like to play the game again

I have a strong experience playing with Wii or X-Box Kinect

OO0o0OdooOoOooooOooooooooooooo ooood

ooboooooooooobooooooooboonon 00000 pisagree

O0OO00O00O0000000O00OO0oO000O0O 00000 agreeor

OdOoodoooodoooooooooooooooo ooooo

000000000000 0D00D00DO0O0O0ODOOOO DOODOoOo| Stongly

8. What do you particularly like about this game?

9. What aspects do you think need to be improved?

10. How would you rate your overall experience?

0JO Poor O Fair IO Average O Good 0o
Excellent
IV. Questionnaire 3 of Preliminary Evaluation
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1. Tell us a little bit about yourself

A.You are: 0O Male 0O Female
B. What age group do you fall into? 0O 16-24 0O 25-44 00O 45-64 0o
65+

2. With whom are you visiting this museum today?

OO Alone 0O Partner 0O Family (including children aged under 16)

0JO Friends IO School Party JO Organised Group I Other:

3. Please select the box that corresponds to your answer regarding your game experience.

TR = @
23 2 ZHE @ 5
»na A #<A @

I felt that by letting the cancer spread, [ would harm someone O O O O O
The game’s graphics helped me not feeling emotionally attached to O O O O O
the patient I was treating

[ felt responsible for curing the patient O O O O O
[ felt happy for healing cancer O O O O O
I felt a sense of satisfaction and achievement O O O O O
While playing, I got upset (| O O O O
While playing, [ had periods of irritability or anger O O O O O
While playing, [ sometimes got sad O O O O O
While playing, I felt confident about facing cancer O O O O O
While playing, I felt like [ was harming the patient O O O O O
While playing, I felt like I was helping the patient O O O O O
While playing, I felt afraid O O O O O
While playing, I felt powerful O O O O O
While playing, I felt despaired O O O O O
While playing, [ sometimes got stressed O O O O O
After playing the game, I feel strong(er) against cancer O O O O O
After playing the game, I feel hopeful about the future O O O O O
After playing the game, I feel optimistic O O O O O
Dealing with cancer triggered negative emotions O O O O O

4. The following statements concern your perception about yourself in a variety of situations.
There are no "right" or "wrong" answers, so select the number that most closely
reflects you on each statement. Take your time and consider each statement carefully.

> Q >
o g 3 59
S & o0 = S
o g &b © &b
5 A 2 < £ <
) a A

I have a rich vocabulary O O O O

[ have a vivid imagination O O O O

[ have excellent ideas O O O O

I am quick to understand things O O O O

[ use difficult words O O O O

[ am full of ideas O O O O

[ am not interested in abstractions O O O O

I have difficulty understanding abstract ideas O O O O
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|
O
O
O

I am always prepared

|
|
|
|

I get chores done right away

O
O
O
O

I follow a schedule

a
|
|
|

I leave my belongings around

a
|
|
a

I shirk my duties

O
O
O
O

I talk more than listen.

a
|
|
|

I think, then act

O
O
O
O

I prefer to work behind the scenes

a
|
|
|

I prefer to do lots of things at once

a
|
|
a

[ am interested in people

O
O
O
O

I have a soft heart

|
|
|
|

I make people feel at ease

|
O
O
O

I insult people

a
|
|
|

I change my mood a lot

a
|
|
a

I get stressed out easily

|
O
O
O

I have frequent mood swings

a
|
|
|

I am relaxed most of the time

V. Formal Evaluation Questionnaire

1. Tell us alittle bit about yourself

A.You are: OO Male O Female
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B. What age group do you fall into? OO 16-24 0O 25-44 Oo
45-64 0o 65+

C. Your country of birth:

2. Before visiting Microcosm, did you know about CERN’s contribution to our society (e.g. WWW, Grid, etc.)?

O Yes Oono
3. Before visiting Microcosm, did you know about proton therapy? [0 Yes OoOnNo
4. A.Did you ever know a person diagnosed with cancer? OO yes OoOno

B. If yes, please tell us more (e.g. who, how did you feel, etc.):

5. How comfortable did you feel talking about cancer before playing the game?
O Very Uncomfortable O Uncomfortable [0 Neutral 0O Comfortable [0 Very Comfortable

6. Please select the box that best describes what you learnt today.

A. i Protons used in proton therapy destroy everything in their way, until the moment they stop.
O] Agree [JO Disagree
ii. Which part of the game stimulated your answer above?
IO Kicking to accelerate the particles  [] O Selecting the correct energy [JO selecting the correct direction
B. i. Proton therapy uses accelerator technologies derived from CERN research.
[ Agree (JODisagree
ii. Which part of the game stimulated your answer above?
[JO The graphics on the floor OO The graphics on the wall [J O Body movement
C. CERN has no relation with medicine.
[0 0O Agree [0 Disagree

7. Please select the box that corresponds to your answer.

S T )
e £ 208 3 w3
= [=Ts] = O [=T] ) S o
[=2Ny] < B 7)) (=2 )
52 2 S ol < 5 <
"8 & #<A @

The presentation of Proton Therapy was clear O O O O O

By using the game I learned what Proton Therapy is and how it works O O 0O O O

I think such games should be used more frequently in learning O O O O O

While playing I did not feel I was dealing with cancer O O O O O

While playing I focused more on winning the game than destroying [] O O | O

cancer cells

A game about cancer triggers negative emotions O O O O O

The game helped me feel more at ease about cancer O O O O O

I believe the game is a light-hearted approach to a sensitive issue O O 0O O O

I believe approaching cancer through gaming is more comfortable [ O O O O

than talking in person about it

8. How comfortable do you feel talking about cancer after playing the game?

[JO Less comfortable 10O same [JO More comfortable
9. How would you rate your overall experience?
OO Poor OO Fair (0O Average O Good OO Excellent
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