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Magical Islands

Mer lek — mer ldrande?

Celie Gunnarsson, Johan Mattsson, Aron Soderling

Magical Garden dr ett digitalt ldrospel i matematik med
tre- till femdringar som mdalgrupp. Spelet dr utvecklat av
Educational Technology Group vid Lunds och Linkopings
universitet. Magical Gardens styrka dr att det implementerar
mdnga starka pedagogiska tekniker: ldra genom att ldra ut
med hjilp av sd kallade teachable agents, adaptiv
svarighetsgrad genom ett smart system och ett signaler-
ingssystem som hjilper ldraren uppticka barn som halkar
efter etc. Uppgiften i detta projekt har varit att bygga vidare
pd Magical Gardens grund med inrikining pd en ny mdl-
grupp, barn med mental utvecklingsdlder pd sex till dtta dr.
Uppgiften medfor mdnga problem och fragor. Vilka matema-
tiska uppgifter bor finnas med? Behover spelet ett nytt ut-
seende? Finns det ndgot vi kan gora bittre dn Magical Gar-
den? Projektet har gdtt ut pa att I6sa dessa frdagor genom en
iterativ designprocess. Processen har innehdllit mycket
brainstorming och idégenerering samt testning for att veri-
fiera idéer och designbeslut. Projektet har resulterat i
spelidén Magical Islands.

Magical Islands utspelar sig i ett tropiskt o-
landskap ddr karaktdrerna fran Magical Garden blivit
strandsatta efter att deras flygplan tvingats nodlanda under
semesterresan. Spelarens uppgift blir sedan att samla ihop
flygplansdelar fran de olika éarna genom att hjdilpa den
lokala befolkningen. Utéver att skapa en uppfoljare till det
foregdende Magical Garden har det dven tillkommit en ny
fragestdllning. Vad hédnder om man infor inslag av lek i
ldrandet? Kan lekmoment anvindas som motiverande belon-
ing efter avklarade matematikuppgifter eller blir dessa
snarare en onddig distraktion?

1 Inledning

Syftet med Magical Islands é&r att vidareutveckla det befintli-
ga Magical Garden for att anpassa det till en dldre mélgrupp,
6-8 ar. Med alder menas i sammanhanget mental utveck-
lingsniva, alltsd den niva som forvéntas av en elev i angiven
kalenderalder. Detta kan exempelvis innebdra en femaring
som &r pa en sjudrings niva eller en niodring som ar pa en
sexdrings niva. Spelet ér ténkt att ge en djupare matematik-
forstaelse dn foregangaren Magical Garden och fungera som
en uppfoljare. De gamla fokuspunkterna i formativ feedback,
teachable agents och scaffolding ska bevaras sé att utldrnin-
gen sker med samma metoder som tidigare. Eftersom spelet
ar designat for dldre barn krivs det ny och svarare problem-
16sning dar nya matematiska begrepp introduceras. En cen-
tral del i spelet ar att bygga vidare pa det number sense som

barnen har borjat fa ifran det forsta spelet och fa det att
Overgd 1 mer matematisk forstaelse. Nar de har lart sig hur
siffror ser ut, deras betydelse och inbdrdes relation sé ar nés-
ta steg att bli bekvdm i att manipulera dessa siffror for att fa
fram en 10sning till en uppgift.

Arbetet med ldrospelet leds av funderingarna om hur sto-
ra lekmoment som kan ldggas in med en bibehdllen nivé av
larande for barnen lér sig, och i vilken grad lekmoment blir

distraherande istillet for motiverande.
2 Bakgrund

Det finns en méngd forskning inom omrédet med ldrospel.
En del av dessa har granskats och analyserats for att skapa en
bra grund for projektet.

Spel som ldromedel

Anvindandet av spel i utbildningssyfte &r inget nytt som dig-
italiserandet av samhaéllet fort med sig; spel anvéndes redan
pa 1700-talet for att tréna militar taktik (Linderoth, 2012).
Idag ar digitala spel i utbildningssyfte bade ett véxande
forskningsomrdde och en vdxande industri, men det finns
ocksa en stor dvertro pa dessa spel (Linderoth, 2014). Spel
har bevisats ha en motiverande kraft, men det &r vildigt svért
att fanga detta i spel med pedagogiskt syfte. Det &r dven svart
att veta hur ett ldrospel ska se ut for att utnyttja den mo-
tiverande kraften i spel (Garris et al., 2002). Ett digitalt spel
som anvénds som liromedel ger inget mervérde bara for att
det dr digitalt. For att spelet ska ge nigot pedagogiskt vérde
utdver en vanlig larobok maste det digitala mediet utnyttjas
till att implementera kraftfulla pedagogiska tekniker som &r
svéra eller omojliga att anvidnda utan digital hjélp; bok-pd-
burk @r alltsa inte nagot att efterstrava (Gulz & Haake, 2014).

Regler

Regler dr nagot som varje spel maste ha, varje situation i ett
spel kan bara ha ett begrinsat antal mojliga interaktions-moj-
ligheter. Detta kan utnyttjas i pedagogiskt syfte. Ett spel kan
implementera regler som begriansar elevens mdjliga interak-
tion till just det som &r viktigt. Exempelvis kan ett matem-
atikldrospel tvinga eleven losa uppgifter innan det gér att
komma vidare. P4 detta sitt kan elevens uppmirksamhet
styras till det som eleven ska fokusera pa (Linderoth, 2014).
Det récker dock inte att reglerna tvingar fram situationer dér
eleven maste l6sa uppgifter, de maste dven motverka att



eleven kan 16sa uppgifterna pa sétt som inte ger nagot peda-
gogiskt vérde. Ett tydligt exempel pa detta &r om eleven sjilv
kan anpassa svarighetsgrad eller om det &r enklare att 16sa
uppgifter med trial-and-error (att bara prova sig fram tills
ritt svar hittas) &n att faktiskt rdkna ut rétt svar (Linderoth,
2014). Detta problem kan l16sas med bra feedback och adap-
tiv svérighetsgradsanpassning.

Feedback

For att motverka trial-and-error samt ge eleven storre
forstaelse for hur och varfor ndgot fungerar &r det viktigt att
ett spel ger bra feedback. Nar eleven har gett sitt svar pa en
uppgift ricker det inte att bara siga “ritt” eller “fel”. Denna
typ av feedback kallas summativ och ger endast eleven
bekriftelse pd om det tinkta svaret &r just rétt eller fel utan
nagon ytterligare végledning eller konsekvens. Summativ
feedback anvénds ofta i digitala ldarospel idag (Pilner Blair,
2013). Detta &r en stor svaghet d& summativ feedback upp-
muntrar eleven att testa sig fram tills rétt svar hittas. Vid an-
véndning av denna typ av feedback lér sig eleven, i ménga
fall, inget mer &n att memorera rétt svar. For att eleven ska ta
till sig kunskapen och verkligen lira sig forstd problemet
maste feedback ges pa ett séitt som forklarar varfor ndgot ar
ritt eller fel. Detta gér att gora pé ett antal sitt, eleven kan
ges feedback som sdger om det blev for mycket eller for lite,
alternativt feedback som visar en faktisk konsekvens i
spelvirlden som uppkommer pd grund av det felaktiga
svaret. Detta kan kommuniceras med exempelvis vatten som
rinner dver ur en bégare, en boll som rullar for langt pé grund
av for mycket kraft eller liknande.

Den feedback som ges efter ett felaktigt svar bor vara
informativ och syfta till att eleven ska utvidga sina formagor
och ddrmed kunna 16sa mer avancerade uppgifter i framtiden.
Detta kallas formativ feedback eller forbattringsorienterad
feedback.

Adaptiv svarighetsanpassning och scaffolding

Formativ feedback é&r ett bra forsta steg for att stodja elevens
larande, men att bara ge bra feedback rdcker inte. Skulle
spelets svarighetsgrad vara for hog skulle bra feedback inte
ricka for en svagare elev; hér krivs att svarighetsgraden an-
passar sig efter elevens formaga. Detta kallas adaptiv
svarighetsgradsanpassning. Vil anpassad svarighetsgrad har
visat sig ha positiv effekt pa elevens motivation. Ar det for
latt tappar eleven intresse och ar det for svért trottnar eleven.
Faktum &ar att adaptiv fordndring av andra element sdsom
handling, design och uppgifts-utformning i ett spel ocksé
visat sig ge positiv effekt pd elevens motivation (Sampayo-
Vargas et al. 2013).

Med adaptiv svarighetsgrad kan spelets uppgifter hela
tiden ligga pa grinsen att eleven klarar av dem, med lite
hjélp. Denna gréns brukar kallas Zone of proximal develop-
ment (Vygotsky, 1978). Har ar det egentligen lite for svért for
eleven sjdlv, men med lite hjélp kan eleven klara av det. Det
ar just vid denna grins som eleven lar sig som mest, men
detta fungerar saklart endast om eleven faktiskt ges den hjilp
som kravs for att klara uppgifterna. Denna hjalp brukar kallas
scaffolding (svenska: byggnadsstéllning). Scaffolding kan till
exempel ges med visuella ledtradar, muntlig guidning eller

direkt hjdlp fran en lérare. I ett digitalt spel kan scaffolding
till exempel implementeras genom fargkodning, ett intro som
visar hur man gor, en guidande karaktir etc. I takt med att
eleven klarar uppgiften kan hjélpen plockas bort och slutli-
gen klarar eleven av uppgiften helt utan scaffolding och kan
gé vidare till nya problem.

Det har dven visat sig att ett icke-adaptivt system dér
eleven sjilv far vilja svérighetsgrad inte &r ndgon bra idé, da
eleven kan vilja den enklaste nivan hela tiden for att lattare
att klara av att ta sig framat i spelet (Linderoth, 2014). Detta
leder till att elevens inldrning begrénsas da uppgifterna inte
ar tillrackligt utmanande.

Learning by Teaching

En annan styrka digitala spel erbjuder &r dess karaktérer. Den
karaktdr som representerar spelaren i spelvérlden brukar
kallas avatar. En avatar kan skilja sig drastiskt frin eleven
sjalv. Allt fran genus, utseende, élder till pahittade fan-
tasiegenskaper kan vara attribut som skiljer hos avataren.
Studier av Bailenson et al. visar att en avatars utseende kan
paverka en spelares beteende (Bailenson et al. 2009). Blir
spelaren exempelvis tilldelad en léng avatar kan denne upp-
trada pé ett mer sjilvsékert sitt (Gulz & Haake, 2014). Studi-
en visar ocksa att beteende som larts under spelets gang finns
kvar nir spelaren atervinder till det riktiga livet. Effekten att
en spelare atar sig beteende fran en avatar kallar Bailenson et
al. Proteus-effekten efter den skepnadsbytande grekiska gu-
den Proteus (Bailenson et al. 2009).

I pedagogiskt syfte finns en roll som kan utnyttjas i digi-
tala spel, lararrollen. Eleven far lira genom att lira ut, engel-
ska Learning by teaching. Detta &r ett mycket kraftfullt ped-
agogiskt verktyg (Gulz & Haake, 2014). Nér eleven ldr upp
nagon annan blir det mycket viktigare att det blir rétt, eleven
far ansvar for ndgon annans ldrande. Detta medfor hogre
motivation och engagemang hos eleven (Gulz & Haake,
2014). Agenten kan dven tillfora ytterligare funderingar hos
eleven genom att ifragasétta och pd sa sitt tvingas eleven
som lar ut granska sin egen kunskap. En tredje styrka hos
Learning by teaching &r att eleven uppmuntras att fundera
Over hur en annan person tidnker. Eleven blir alltsa trdnad i
metakognition, tinkande om tinkande, vilket fungerar béttre
ndr det dr ndgon annans tdnkande som funderas Over, efter-
som det inte kriaver parallella processer pd samma sétt som
ndr man sjilv ska bade tinka och samtidigt fundera dver sitt
tdnkande (Gulz & Haake, 2014). Eleven far dven en storre tro
pa sin egen forméga om denne far ldra ut. Speciellt elever
som fatt en bild av sig sjdlva som svaga kan gynnas av detta.
Eleven far ldra ut om dmnet, och att ldra ut gér man ju om
man kan. I digitala spel kan Learning by teaching imple-
menteras genom sa kallade Teachable agents.

Teachable Agents

Agenter 1 spel dr digitala karaktérer som styrs av datorn. Ofta
har de nagon form av artificiell intelligens och kan interagera
med spelaren. Digitala agenter dr nadgot som Scholl of Educa-
tion, Stanford, AAAlab utnyttjat for att utveckla konceptet
Teachable Agents (Gulz & Haake, 2014). Denna typ av agent
ar specialiserad for att utnyttja Learning by teaching genom



att eleven tilldelas en larling i form av en digital agent kallad
Teachable Agent, TA. Denna TA lar eleven sedan upp i spelet
(Gulz & Haake 2014). For att detta ska fungera kravs det att
eleven kan ta till sig konceptet att den digitala eleven faktiskt
lar sig, hér spelar The Media equation in. The Media equa-
tion dr en teori som sédger att manniskor tenderar att behandla
datorer som om de har ménskliga egenskaper om datorns
beteende liknar ménskligt beteende (Reeves & Nass, 1996).
Alltsa kan The Media equation utnyttjas genom att lata TA:n
upptrdda som att den lar sig, eleven kommer d& behandla
TA:n pa samma sétt som den skulle ha gjort om larlingen var
en faktisk ménniska. Educational Technology Group vid
Lunds och Linkdpings universitet har genomfort ett antal
studier som visar att ldrospel som innehéller TA:s ger béttre
larande én spel utan TA:s.

Om Magical Garden

Magical Garden é&r ett matematiskt larospel med malgruppen
barn pa dagis och forskola, med en mental utvecklingsalder
pa ca tre till fem ar. Spelet ska pa ett lekfullt sétt trdna upp de
underliggande grunderna for talsystemet och en kinsla for tal
allmént. Tillvigagingssittet for att dstadkomma detta &r att
anvénda teachable agents, formativ feedback och scaffolding.
Magical Garden éar ett delprojekt av “The Magical Garden”
som dr ett samarbetsprojekt mellan School of Education,
Stanford University och Educational Technology Group,
Lunds Universitet och Linkdpings Universitet.

Spelidén gar ut pa att eleven ska samla ihop vattendrop-
par i sin vattenkanna som sedan anvinds for att vattna en
virtuell tridgard. Nar tridgarden blir vattnad blommar det
upp olika, mer eller mindre magiska, blommor vilket ger
spelaren en progressionskénsla. Vilka blommor som hamnar
pa vilken plats i tridgérden ar slumpartat eftersom eleverna
inte ska kunna jimfora sig med varandra da tavlingsmoment
inte dr ndgot som uppmuntras i detta larospel. Svarighets-
graden i spelet anpassas efter hur bra spelaren presterar. Det-
ta leder till att alla spelare far vattendroppar i samma takt
oavsett vilken niva de ligger pa, allas trddgardar blir alltsa
lika blomstrande.

Figur 1. Delspel i Magical Garden. Teachable Agent Mille Mus ser
pa medan eleven anger vilken véning fdgelungen ska aka till for att
komma hem.

Spelet dr uppbyggt utav delspel som é&r avskilda fran den
huvudsakliga tridgérden. I dessa delspel 16ser eleven matem-
atikuppgifter, se fig. 1. Spelaren och dess larling (teachable
agent) far borja med tridgirden som utgangspunkt for att
sedan spela ett delspel

Efter delspelet atervinder de till tridgérden igen dér
spelaren antingen kan vélja att spela &nnu ett delspel och fa
fler vattendroppar i sin kanna eller att anvinda sina vatten-
droppar for att vattna sin triddgard. Delspelen fokuserar pa att
lara ut olika saker genom att vara designade sa att olika
matematiska uppgifter ligger som grund for olika delspel, det
kan till exempel handla om tallinjer eller andra moment elev-
erna behover lédra sig. Upplédgget i de olika delsspelen ar att
eleven forst far 16sa uppgiften sjélv ett antal ganger, da repe-
tition &r en viktig del av matematiskt ldrande. Efter att eleven
har gjort det sjélv kommer lérlingen in i bilden och fragar om
den far titta pa nér eleven 19ser uppgifterna. Efter att ha tittat
péa nagra ganger vill nu larlingen forsdka sjélv. Denne fores-
lar da ett 16sningsforslag och eleven far agera ldrare genom
att siga om svaret ar ritt eller fel. Om det skulle vara fel far
eleven visa sin larling det rdtta svaret. Ju béttre eleven lar sin
larling desto oftare kommer den svara rétt i framtiden.

Anvindartestning med barn

Vid utveckling av programvara ar det viktigt att noggrant
utfora tester pa produkten for att lokalisera fel och brister
samt se att produkten passar den tinkta malgruppen. Vid den
héndelse att mélgruppen ar barn finns det specifika aspekter
som ér lite extra viktiga att ta i beaktande for att undvika ett
missvisande resultat fran testerna.

Barn idag dr inte noviser ndr det giller anvindandet av
datorer och touchplattor. Faktum &r att den tid som barn
spenderar framfor datorn har tredubblats under det senaste
artiondet, enligt forskning av Kaiser Family Foundation
(Nielsen, 2010). Den utokade vanan och kunskapen har
bidragit till en fordndrad syn pé datoranvdndande och fort
den unga anvindarens beteende ndrmre de vuxnas inom vissa
aspekter. Detta kan exempelvis ses i Nielsen Norman Groups
studie dédr barn numera var negativt instillda till ldsning av
instruktioner innan pabdrjande av spel, till skillnad fran nir
studien utfordes nio ar tidigare (Nielsen, 2010). Trots detta
finns det fortfarande stora skillnader mellan &ldersgrupper.
Barn dr mycket kédnsliga for nér material &r anpassat for en
malgrupp som ér dldre eller yngre dn de sjidlva. Detta kan
visa sig 1 form av negativ instillning och, pa nagot hall,
Overdriven beskrivning av uppgiftens svarighetsgrad
(Nielsen, 2010).

For att klargora att en produkt dr 1amplig ar det viktigt att
designa anvindartestningen pa ett sétt som &r anpassat efter
aldersgruppen. Det finns méanga aspekter att ticka in vid ut-
formning av test for barn. Forst och framst &r det 6nskvirt att
skapa en relation mellan forsoksledare och testpersoner. Det-
ta kan ske under en forberedande presentation eller ett in-
ledande samtal vid testtillféllet. Det &r bra att tidigt fa barnen
att oppna upp sig och slidppa eventuell blyghet genom att
exempelvis diskutera favoritdmnen, sport eller fodelsedagar.
Det kan ocksa vara lampligt att yngre barn far utfora testen i
par eller tillsammans med en ldrare eller fordlder for att und-
vika att de kdnner sig osdkra. (Hanna et al. 1997)



Under testen &r det mycket viktigt att tinka pa att
speciellt yngre barn kan ha svart att utrycka sina &sikter i ord.
Om fragor stills blir ofta svaret snarare det som barnet tror
att forsoksledaren Onskar, 4n ett svar baserat pa den egentliga
upplevelsen. For att fa ett dnskvirt resultat dr det darfor vik-
tigt att 4n mer an vanligt titta efter tecken pa positiv eller
negativ instéllning till uppgiften, sdsom leenden eller suckar.
Det kan dven vara svért for yngre barn att halla koncentratio-
nen ldngre stunder. Det kan foljaktligen vara bra att &ndra
ordningen pa uppgifterna om testet dr langt. P4 detta vis und-
viker man att vissa uppgifter endast testas da barnen ar trotta
eller har ledsnat pa aktiviteten. (Hanna et al. 1997)

Nér testningen &r avslutad ar det ofta uppskattat att utdela
nagon slags beldning som tack. Detta kan exempelvis vara ett
certifikat som gor det mojligt for barnen att dela upplevelsen
med sina foréldrar (Girard, 2011)

3 Metod

Utvecklingsprocessen har delats in i olika faser dir en de-
signprocess foljts av en utvecklingsprocess som sedan avslu-
tas med testning. Under designprocessens gang har ett itera-
tivt tillvigagangssitt anvénts. Utvdrderingar har gjorts i
samtliga steg och nya idéer har uppkommit allt eftersom
problem har stotts pa.

Designprocess

Projektet pabdrjades med en brainstormingfas. Syftet med
denna fas var att fa fram en stor méngd tankar och forslag
som sedan kunde bantas ner till konkreta spelidéer. Processen
innebar bollande och utvdrdering av idéer, hopslagning av
tankar och diskussioner om hur de bésta alternativen skulle
kunna tas fram. Nyckelord som hélls i bakhuvudet under
brainstormingen var scaffolding och feedback. Processen gav
vildigt manga olika idéer om hur en uppfoljare till Magical
Garden kunde se ut. Forst och framst soktes ett genomgéaende
tema som skulle vara attraktivt for en é&ldre spelarbas.
Diérefter kvarstod att komma fram till nya delspel. Dessa
skulle inte bara vara nya till utseendet, utan vissa delar av
logiken var ocksd i behov av uppdatering. Nagot som
diskuterades flitigt under brainstormingen och kom att utgéra
en stor del av projektet i helhet var att tillfora ett antal mindre
lekmoment utdver matematikuppgifterna. Detta for att
forhoppningsvis oka elevernas motivation och for att tillfora
lite action till larospelet.

Efter brainstormingen gick processen over i en designfas,
dér de idéer som ansags bdst ur utvecklingssynpunkt skulle
faststdllas och bearbetas. De idéer som hade arbetats fram
under foregéende fas var forslag pa delspel, olika matema-
tiska begrepp samt overgripande teman. Mélet med den hir
fasen var att skapa ett sammanhéngande spel dér del spelen
kunde relateras till det 6vergripande temat. Detta krav med-
forde att manga idéer som ansags bra fick slopas pa grund av
att de inte passade tillsammans med nigot tema.

Designen av delspelen utgick framst fran de olika
matematiska begrepp som enligt laroverkets kursplan skulle
laras ut till barn i mélgruppsaldern. Efter att matematiken var
faststdlld anpassades idén efter det tema som ansags vara
mest ldmpat. Vissa delspel var designade fristdende fran ett

speciellt tema vilket gjorde dem anpassningsbara, medan
andra var mer knutna till ett speciellt koncept. Nar temat vil
var faststillt granskades samtliga delspelsidéer &nnu en gang.
De som var knutna till nagon av de slopade temaidéerna
bearbetades for att se om det fanns nagot av anvindning in-
nan det resterande av den idén skrotades.

Utveckling

Vid designprocessens slutskede inleddes en agil utveckling-
sprocess dir en spelbar prototyp implementerades. Processen
inleddes med en analys av spelets olika delar vilket resulter-
ade i en prioriteringslista for de olika delarna, i samman-
hanget ofta kallade features. Projektgruppen delades dven
upp 1 tva delar for att effektivisera arbetet. Det f6ll sig att den
ena gruppen fokuserade pa den grafiska presentationen och
den andra pa sjilva spellogiken. Implementationen var fran
bdrjan ténkt att bygga pa tidigare Magical Gardens grund i
HTMLS5 och Javascript, men gruppen tog ganska tidigt i pro-
cessen beslutet att istdllet borja om fran borjan och bygga allt
i spelmotorn Unity istéllet.

Spel i Unity byggs upp av scener som innehaller hierarki-
er av objekt. Dessa objekt kan tilldelas olika komponenter
som exempelvis grafisk textur, ljud, animation, programmer-
ad spellogik och sé vidare.

For att fA med bakgrundsberittelsen och ge karaktirerna
liv gjordes &dven rostinspelningar. Ljudfilerna spelades in
separat och parades sedan ihop med animationerna i Unity.

Testning

Da en uppfoljare till Magical Garden som till viss del har gatt
ifrén det visuella temat fréan det féregédende spelet har utveck-
lats var det nodvdndigt att utféra en anvindartestning i
utvecklingsprocessen. Tanken &r att spelaren ska kdnna igen
sig 1 det nya spelet sd att overgédngen &r enkel, men att det
samtidigt ska vara lite nytt och intressevéickande. Det dr dven
ny matematisk logik i spelet d4 nya begrepp presenteras.
Detta behovde givetvis ocksa testas for att se om det ligger
pa ritt nivad samt se att det visualiseras pa ett l4ttforstaeligt
satt.

Tidsramen for projektet inte var tyvérr tillrackligt stor for
att gora omfattande tester med rdtt malgrupp. Istéllet togs
beslut om att ha tva faser i testprocessen. En fas med en dldre
aldersgrupp for att hitta grundldggande problem och en fas
med den tidnkta malgruppen for att utvirdera spelet i helhet.

Malsdttningen med testningen i helhet var att undersoka
ifall lekmoment som ldggs in i undervisningen &r mo-
tiverande eller distraherande. Den syftade ocksa till att ta
reda pd om anvindarna forstar hur man ska interagera med
spelet utan for mycket ledning samt om de fastnar for karak-
tdrerna som r med.

Den forsta fasens testning hade ocksé syftet att gora den
andra fasen sa meningsfull som mdjligt. I den forsta omgan-
gen utfordes anvindartest med en malgrupp i 20- till 30-
arséldern for att se om logiken i de delspel som utvecklats
var lattforstaelig och om designen upplevdes som intuitiv.
Testen i den forsta fasen utférdes med en logi-prototyp som
var tecknade bilder pa papper som skulle efterlikna spelets
design i s& stor utstrickning som mdjligt. I den hér forsta



delen behandlades fragor som:

e Forstar anviandarna hur de ska interagera med proto-
typen?
*  Vad édr deras intryck av karaktérerna?

» Kainns spelet ssmmanhingande?

Den andra fasens testning var den del som var relevant
for avgorandet av hela projektets resultat. I denna fas ut-
fordes anvindartest med barn i den alder som spelet ar avsett
for. Aven hir var det sjilvfallet viktigt att barnen forstar
logiken. 1 denna fas tillkom det dock &ven andra fragestill-
ningar som till exempel ifall de verkligen lirde sig matem-
atiken som ligger som grund for spelet. I fas tva testades inte
langre en lofi-prototyp utan hér 14g ett fardigimplementerat
spel pa touchplatta till grund. Detta for att barn troligen tyck-
er det r roligare att spela ett spel som verkar fardigt och inte
avfardar det for att de tycker det &r fult ritat eller har svart att
relatera till att det egentligen ska vara en touchskérm.

Det tillkom dven nagra ytterligare fragor till den hér delen
av testerna som inte var lika relevant nér spelet testades pa en
aldre spelarbas:

« Arlekmomenten distraherande eller motiverande?
e Lér sig barnen matematiken?

+ Ar matematiken pa ritt niva for den malgrupp som
testar?

+ Ar logiken i utlirningsmetoderna pa en bra niva for
att barnen ska forsta vad som hiander?

For att utviardera huruvida lekmomenten motiverar léran-
det var det tinkt att se hur manga av de som spelar som vill
spela igen. Grunden for beddmningen av spelarnas engage-
mang lag 1 observationer fran testledaren men det anvéndes
ocksa en debriefing for att f4 svar pa konkreta fragor som
stod som stdd for de kvantitativa resultaten.

4 Resultat

Da projektet innehdller en fullstindig designprocess med
samtliga steg fran brainstorming till testutviardering och im-
plementation sa tillkommer &ven olika resultattyper. De mest
vasentliga typerna dr design-, projekt- och testresultat. De-
signresultatet beskriver hur den slutgiltiga idén uppkommit
samt Ovriga temafSrslag som diskuterats under processens
gang. Projektresultatet beskriver hur den slutgiltiga designen
blev, medan testresultaten speglar den feedback som in-
forskaffats fran testpersonerna under respektive testomgang.

Designresultat

Under designfasen framkom manga spretande idéer om olika
teman och delspel dér de flesta fungerade bra pa egen hand,
men inte alltid sd bra ihop med andra. Efter brainstorming-
fasen var det tre huvudteman som var klart dverldgsna de
andra. Ett rymdtema, ett tropiskt tema och det sista alterna-
tivet var att fortsdtta i Magical Gardens tema och endast ut-

forma nya delspel. Da mélgruppen som projektet dr utformat
for dr ndgra ar dldre 4n Magical Gardens ursprungsmalgrupp
blev valet att ga ifran det befintliga temat for att nad en
mognare publik. Konceptet var tinkt att likna Magical Gar-
dens koncept med delspel, hopsamling av beldningar och till
sist ndgon form av utlopp for den ihopsamlade beloningen.

Brainstormingfasen var inte helt fokuserad péa att forst
utforma ett tema och sedan utforma delspel, utan dessa olika
idéer uppkom o6verlappande under processens gang. Det led-
de till att manga av delspelsidéerna holls 6ppna for att kunna
anpassas till flera olika teman. Eftersom det var viktigt att
hélla ett logiskt sammanhang i spelet sa kretsade alla teman
runt att forsoka ha en overblicksvy dér det var litt for
spelaren att se att alla delspelen horde ihop med temat. Det
gjorde att rymdtemat var likt ett solsystem med olika planeter
for varje delspel, det tropiska temat var med olika dar, och
ifall Magical Gardens tema skulle behéllas var det ténkt att
utforma det likt olika hus ldngs en gata med ett delspel vid
varje hus. Dock limnades Magical Gardens originaltema
ganska snabbt vilket gjorde att manga av idéerna endast an-
passades for rymd- eller 6-temat.

Utover att rymdtemat gick ut pa att varje delspel skulle
ske pa en egen planet, skulle spelaren med hjilp av en rym-
draket och matematikkunskaper sedan ta sig mellan de olika
planeterna. Dér skulle spelaren spela de olika delspelen for
att samla ihop nagon form av beldning, likt vattendropparna i
det ursprungliga Magical Garden. Det var tinkt att raketen
skulle skjutas mellan de olika planeterna med en slangbella
istéllet for att flyga for egen maskin, da den skulle vara trasig
och behdva lagas innan den skulle kunna flyga sjilv. Inspira-
tion kom frén det populéra spelet Angry Birds (Rovio Enter-
tainment, 2009) och matematiken skulle komma in genom att
bestimma hur ménga av invénarna fran planeten i frdga som
skulle hjdlpa till att spinna slangbellan for att slunga ivég
raketen med rétt kraft. Idén om slangbellan resulterade i ett
lite mer lekfullt mellanspel mellan varje delspel som &dven
hjélper till att knyta ihop logiken bakom spelets design. Detta
sker genom att spelaren far se hur karaktédrerna tar sig mellan
olika delspel

Det tema som i slutdndan faststélldes var det tropiska 6-
temat dar varje delspel utspelades pa varsin 6. Mycket av det
som var tankt till rymdtemat kunde direkt versdttas. Exem-
pelvis blev rymdraketen ett flygplan och utomjordingarna
blev tropiska apor. Istéllet for vattendroppar skulle nu flyg-
plansdelar samlas ihop genom att gora de olika delspelen och
istdllet for att vattna sin tridgard skulle spelaren nu laga sitt
trasiga flygplan med de ihopsamlade delarna.

Projektresultat

Efter flertalet resor fram och tillbaka med bakslag och nya
idéer fastslogs det som tidigare ndmnts att projektet skulle
resultera i en fortsdttning pd Magical Garden som fick gi
under namnet Magical Islands. Temat blev ett tropiskt 6-
landskap med bakgrundshistorien att Panders och hans vén-
ner ska aka pa semester efter att ha blivit utmattade av sitt
tradgardsarbetande. Under resans gang borjar flygplanet som
de fardas i plotsligt att ga sonder. Det ryker, vinglar och tap-
par delar som sprids 6ver de 0ar som passeras for att slutli-
gen tvingas nddlanda. Nu maste Panders och hans vinner



besoka darna, samla ihop alla flygplansdelar och bygga upp
sin farkost for att kunna komma hem igen.

Pappersprototypen bestod utav tva delspel och ett sa
kallat mellanspel. I bdrjan av en ny spelomgéing far anvén-
daren se planet flyga 6ver darna for att sedan krascha (bilaga
1). Ett beskrivande intro ska komma att visas hér for att fork-
lara scenariot och sétta stimningen. Anvindaren far sedan
reda pa att den ska besdka en viss 6 och far med hjilp av en
storleks- eller avstandsbeskrivning vidlja den avsedda on.
Skulle fel 6 viljas visas ett videostycke innehallande tét
djungel och farliga djur samtidigt som berittarrdsten fork-
larar varfor den valda 6n inte var korrekt, exempelvis genom
att sdga att on var for stor om anvéndaren uppmanats vélja
den minsta 6n.

Da ritt val har gjorts kvarstar ett annat problem ndmligen
att flygplanet ar allt for trasigt for att kunna flyga. Istdllet
anvinds en slangbella vars gummiband spdnns med hjilp av
de apor som bor pa 6n (bilaga 2). Detta dr det sa kallade mel-
lanspelet och for att kunna ta sig till ritt 6 krdvs en korrekt
16st matematikuppgift. Anvéndaren far reda pa hur mycket
“apkraft” som krédvs for att slungas till 6n. Darefter ska ett
antal apor, vilka har olika tal pa sin mage beroende pa sin
styrka, placeras vid slangbellan for att tillsammans med den
eller de apor som eventuellt redan star dér bilda talet som
kréavs for att skjuta flygplanet lagom langt. Da anvéndaren ar
ndjd med sitt svar zoomas bilden ut till 6-vyn och flygplanet
skjuts ivdg dd anvindaren drar i slangbellan. Skulle det
sammanlagda talet pd apornas magar vara korrekt hamnar
flygplanet och dess passagerare pa ritt 6 och dventyret fort-
sitter. I annat fall flyger det for langt alternativt for kort,
beroende pé apornas tal, plumsar i vattnet och passagerarna
far paddla tillbaka for att forsoka dnnu en géng.

De tvé delspel som har tagits fram hittas p& varsin 6. Pa
den forsta 6n triffar anvéndaren pa en apa som dr ledsen
(bilaga 3). Han &r ndmligen s& vildigt torstig eftersom en
ilsken haj har bosatt sig i det vattenhal dar han brukar slacka
sin torst (bilaga 4). For att géra hajen mer tillmotesgdende
vill apan mata honom med kakor, eftersom kakor &r ndgot
som man blir snill utav. Hajen &r dock krdsen. Han accepter-
ar endast hela kakor. Problemet &r att alla apans kakor har
gatt sonder och han vet inte hur han ska fa dem hela igen.
Anvéndaren far alltsa i uppgift att laga kakorna genom att
vélja den bit som saknas, for att sedan mata hajen med dem.
Niér spelaren har matat hajen med ett antal kakor kommer
Panders in i spelet. Han &r anvéndarens teachable agent och
vill gérna titta pa for att ldra sig. Efter ndgra ganger &ar det
sedan hans tur att forsoka och anvindaren far guida honom
ritt. Efterhand som spelet fortloper blir hajen mindre och
mindre arg for att till slut bli glad och lata apan ga till vattnet.
Som tack for hjélpen far anvidndaren en flygplansdel som
apan har hittat i djungeln (bilaga 5). Delspelet dr tankt att
trdna tio-kompisar, alltsd vilka ental som tillsammans blir tio.
En hel kaka representerar tio och dvriga siffror representeras
av kakbitar.

Pa nista 6 patriffas dnnu ett delspel. Har hittar anvén-
daren en Overgiven stovel i djungeln. Strax kommer ett antal
myror promenerandes vilka gér in i stoveln med avsikt att
bositta sig (bilaga 6). Myrorna ar dock inte de enda som &r
intresserade av fyndet. Efter dnnu en liten stund kommer
ndmligen en piratkatt som rakar samla pa just stovlar. Han
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vill inte ha ndgra myror i sitt nya samlarobjekt och ber darfor
anvindaren om hjélp med att skaka ur stoveln. Ut ramlar ett
mindre antal myror dn det som gick in. Detta gor piratkatten
fundersam och han undrar hur manga myror som kan vara
kvar i stoveln (bilaga 7). Detta blir anvéndarens uppgift att
besvara. Vid ritt svar skakas samtliga myror ut och piratkat-
ten kan nojt fortsétta sitt sokande efter fler stovlar. Anges ett
for litet antal myror plockas detta antal ur stoveln och katten
forsoker sedan sétta pa sig stoveln. Nér han upptécker att det
ar myror kvar tycker han att det kittlas, vilket far honom att
hoppa runt i en knasig dans. Skulle istéllet ett for stort antal
myror anges skakas de kvarvarande myrorna ut och katten
far berétta for anvéndaren att det inte fanns s minga myror
kvar. I detta delspel trénas pre-algebra, alltsd enkla ekvation-
er som exempelvis fyra adderat med vadi blir sju. Aven i
detta delspel kommer s& sméaningom Panders in for att forst
lara sig och sedan rékna sjdlv.

En pappersprototyp enligt ovanstdende beskrivning an-
vandes vid forsta fasens anvindartestning. Till den slutgiltiga
prototypen har ett intro, mellanspelet samt det forsta del-
spelet implementerats. Denna prototyp anvéndes sedan till
testning fas tva.

Testresultat

I den forsta testfasen fick nio personer i aldrarna 20-30 ar
utfora anvéandartester pd en prototyp i lofi-version. Fokus lag
pé att samla in kvalitativ data samt se om spelet ansags intu-
itivt och intressevédckande. Resultaten fran den forsta omgan-
gen var Overlag positiva och mycket av den feedback som
samlades in visade att prototypen var pa vdg i rtt riktning.
Det ar dock vért att podngtera att testpersoner var i samma
aldersgrupp som utvecklarna och dérfor relativt olik den
alder som maélgruppen kommer vara. Det skulle kunna vara
sd att spelet dr intuitivt och lattforstaeligt for testgruppen
eftersom de har samma mentala modell av kunskapen hos
barn i malgruppsaldern som utvecklarna sjdlva har, vilken i
sin tur kanske inte alls 6verensstimmer med verkligheten.

Den mest betydande feedbacken som gavs i denna del
kan ses nedan.

* Overlag en mycket positiv instillning till spelets story
och ménga tyckte det var ett bra och sammanhén-
gande tema.

* I princip alla anvdndare var beroende av berittar-
rosten for att forsta vad de skulle gora.

* Flera testpersoner efterfrigade dnda en funktion for
att kunna skippa eventuella intron till uppgifterna.

* Karaktirerna var mycket omtyckta. Det var dven stor
spridning pa vilken karaktdr som testpersonerna tyck-
er mest om. Alla karaktirer var ndgons favorit.

* Interaktion mellan karaktirerna efterfragades.

* Ett problem som frekvent aterkom var att gorillan
stod pa en plats som var pa mellanhand mellan slang-
bellan och de apor som kunde manipuleras, vilket
gjorde att den inte fick nagon tillhdrighet alls. Det var
oklart ifall det var en apa som kunde viljas eller en
som redan stod vid slangbellan och minga noterade
honom inte alls.



Samtliga asikter samlades in och designen revideras in-
nan implementering av spelet som kom att testas i fas tva.

I nésta fas besoktes en forskola som hyser barn i &ldrarna
fyra och ett halvt till sex ar. Anvéndarstudien utfordes pa tolv
barn. I denna fas gjordes forsok att samla in bade kvalitativ
och kvantitativ data. Detta for att kunna avgéra om spelet
ligger pé en tillrdcklig niva sa att det inte blir for svart att
forstd eller alltfor enkelt att genomféra. Om eleverna inte
behover anvdnda matematiska berdkningar for att losa
uppgifterna, utan istéllet kan gissa med stor sdkerhet, samt
far for lite formativ feedback anses spelet inte uppfylla sitt
syfte.

Testet var utformat med ett antal korta inledande fragor
om datoranvéndning och rdknevana innan barnen fick testa
spelet. Detta foljdes av nagra avslutande debriefingfragor.
Det visade sig vara svérare dn férmodat att fi relevanta svar
pa de fragor som stdlldes. Den kvantitativa delen av resultatet
blev dérfor begransad.

Det mest betydande resultatet som observerades i denna
del kan ses nedan.

* De allra flesta forsokspersoner var oengagerade under
lyssningsdelarna. De negligerade i princip bakgrunds-
berittelsen totalt.

* Trial-and-error anvindes nir de inte forstod hur de
skulle gora.

* I det forsta delspelet nyttjades pusselmetaforen mer dn
matematiken. F& verkade notera siffrorna pé kakbitar-
na eller att summan skulle bli tio.

* Ju léngre spelet fortlopte desto mer intresserade
verkade de bli. Ville utféra uppgifterna fortare och
fortare.

* Vissa elever behdvde guidning géllande vilken kaka
som kunde passas ihop med vilken. Det var inte till-
rickligt tydligt att huvudkakan var fristdende och
skulle matchas med rétt kakbit.

* De anvdndare som uppgivit att de tyckte om matem-
atik och brukade rdkna hemma med sina foradldrar
klarade av logiken i spelet pa ett utmirkt sitt. Ovriga
hade mer problem.

Aterkommande svar pa de stillda frigorna och kom-
mentarer fran testerna.

* Spelet var enkelt!
* Matematiken var mycket enkel.
* Att mata hajen var det roligaste med spelet.

* Det var speciellt roligt att hajen blev mer och mer
glad allteftersom.

* Det var trakigt att behdva mata hajen s& manga
ganger.

Avslutningsvis fick dven tva forskoleldrare testa spelet.
De gav foljande kommentarer.
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* Det kidnns for enkelt att gissa sig fram i kakspelet.
Manga barn kommer troligen att pussla mer 4n rakna.

* Det vore bra om hajen sig gladare ut for varje kaka
man ger honom. Det hade gett bra progressionsfeed-
back.

* Lite vdl mycket berédttande. Barnen har inte s& mycket
talamod.

* Trevligt att det dr lite langsammare &n manga andra
spel pa marknaden idag. Det blir inte lika mycket
tavling.

Mest omtyckta karaktar

OoONDP OO

Diagram 1. Diagrammet visar fordelningen 6ver barnens
favoritkaraktarer.

Vill spela igen
15

10

0 —

Ja Nej
Diagram 2. Diagrammet visar huruvida barnen 6nskade
spela Magical Islands igen.

5 Diskussion

Matematikuppgifter

Huvudsyftet med Magical Islands &r sjilvfallet att barnen ska
lara sig matematik, vilket stdller vissa krav pa uppgifterna
som spelet innehéller. De spel vi har utvecklat ar tinkta att
kunna variera i svarighetsgrad samt tréna ett antal olika be-
grepp. For att veta att uppgifterna ligger pd en lagom
svarighetsnivd har vi utgatt ifrdn laroplanen for arskurs ett
och tva. Detta dr pa grinsen till att vara i 6verkant av den
tinkta malgruppen, men efter att ha fatt héra frén en
lagstadieldrare att laroplanens niva ar lagre dn den som lérs
ut i skolor idag valde vi att gora pa detta vis.



Trots detta har vi under anvédndartesterna fatt for-
frdgningar om spelen dr pa en lagom niva. Det var speciellt
de vuxna med tidigare erfarenhet av barn som ifragasatte
spelet och ansdg att det skulle vara for enkelt for ett barn i
den éldern. Enligt testresultaten kan man dra slutsatsen att
detta inte &r fallet. Vissa elever klarade av uppgifterna pa ett
enkelt sdtt och hade sdkerligen kunnat 16sa dven mer kom-
plicerade sadana, men dessa elever var i klar minoritet. Un-
der testningen anvéndes den enklaste av vara tdnkta scenari-
on, vilket indikerar att vi ligger pa en lagom niva for var
malgrupp. For att sikerstilla detta resultat &r det dock nod-
vandigt att utfora avsevért manga fler anvindartester. Det
skulle d&ven vara intressant att hora fler ldrares asikter i fra-
gan.

Ett av de begrepp som vi fétt bekrédftat som nyttigt av
tidigare ndmnda ldrare dr tiokompisar. Detta innebér att
eleven dvar pé att se vilka tva tal som tillsammans bildar tio.
Detta &r mycket anvdndbart och bra att ldra sig tidigt i sin
utbildning. Detta &dr frimst implementerat i kakspelet, da en
hel kaka antar vérdet tio, men det kan dven anvidndas i mel-
lanspelet med apor och slangbella. Mellanspelet &r ett mo-
ment som aterkommer mellan varje delspel och det ar dérfor
viktigt att det kan alterneras for optimal inlérning. Barnen
ska inte kunna ldra sig det korrekta svaret utantill utan
forstaelse for uppgiften. Detta ska uppnés genom att det sok-
ta talet varierar samt att aporna kan ha olika styrka, virden. I
det enklast mdjliga scenariot kan alla apor vara vérda ett, det
sokta talet dr atta och pd plats stir redan en apa med vérdet
sju. Detta kan sedan utokas till att anvéndaren fér placera tva
eller tre apor med olika védrden for att uppna det sokta talet,
med eller utan en redan ditplacerad apa.

Scaffolding

Scaffolding &r ett begrepp som genomgdaende har varit cen-
tralt i detta projekt. Det anvidnds inom bade del- och mel-
lanspel pé ett sitt som vi hoppas kommer stotta anviandarna i
deras larprocess pa ett bra sétt. I mellanspelet varierar apor-
nas storlek med sin styrka, alltsa sitt virde. Man kan darmed
enkelt se att en storre apa &r starkare d4n en mindre, i detta fall
har ett hogre vérde. Detta kan ses som en tdmligen naturlig
hjélp som é&r enkel att forhalla sig till.

Ett annat omrade dér scaffolding kom in pé ett okonstlat
sétt var 1 kakspelet. Har har varje kakbit till en bérjan en stor-
lek som motsvarar dess vérde, vilket resulterar i att den sokta
kakbiten har samma storlek som den saknade biten i huvud-
kakan. Paralleller kan i och med detta dras till pusselldg-
gande, vilket ger en utdkad chans att 16sa uppgiften. Det &r
dven, precis som i foregdende exempel, tydligt att storlek
okar linjart med vérdet. Det visade sig under testningen att
detta var till stor hjdlp fér manga anvindare.

Till det sista delspelet var det nagot svarare att hitta ett
sétt att tydligt fa in scaffolding. Var 16sning blev till slut att
anvinda farger pd myrorna i piratkattens tankebubbla (bilaga
7). Tankebubblan visar en uppstillning som é&r tinkt att
forenkla for minnet genom att visa en slags fore- respektive
efterversion av hdndelsen. Genom att i ett forsta skede infora
fargkodning for de myror som stannar kvar i stoveln kan
dessa skiljas fran de som trillat ut. For att fortydliga kan det
antas att fyra myror dntrar stdveln, tvd av dem &r réda och
tva ar svarta. De svarta trillar ut, medan de roda ar kvar. 1
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tankebubblans uppstillning kan anvéndaren da enkelt se att
alla de svarta myrorna har ldmnat stoveln och kan saledes
rakna de roda myrorna, dé det &r dessa som &r kvar.

I samtliga av ovanstéende fall ska dessa hjdlpmedel efter-
hand tas bort i enhet med scaffoldingmetoden. Nar det géller
aporna och kakbitarna sa kommer deras storlek efterhand
normaliseras och slutligen kommer alla vara lika stora,
oavsett om de &r vérda tva eller sju. I det andra spelet kom-
mer alla myrorna ha samma férg, vilket tvingar anvindaren
att helt forlita sig pa de tal och den matematik som uppgiften
erbjuder. Tyvérr hann vi inte implementera hur denna scaf-
folding gradvis ska forsvinna, varfor detta aterstar att testa.

Formativ feedback

I mellanspelet dar rdtt 6 ska véljas finns en risk att anvén-
daren skulle kunna anvénda trial-and-error for att komma
vidare. Detta méste motverkas och i dagsldget ar var 16sning
att om anvindaren véljer fel 6 s& spelas det upp en scen dir
vyn zoomar in pa 6n och anvéndaren far se tit, ogenomtrang-
lig djungel och arga djur. Detta skulle gora trial-and-error en
mycket langsam metod for att hitta rétt svar. Feedback ska
dven ges genom att berétta att den valda 6n ar “for liten/stor”
eller “for nira/langt bort” etc.

I mellanspelet dir anvéndaren véljer ett antal apor for att
skjuta ivdg flygplanet till rétt 6 ges feedback genom att flyg-
planet skjuts olika ldngt beroende pa vilka apor som valts.
For starka apor gor att det hamnar for langt bort, medan for
svaga hindrar planet fran att na fram till rdtt 6. Skoldpad-
daskaraktiren kan dven sdga ndgot i stil med “Ojda, det blev
visst for mycket/for lite kraft”. Barnen verkade inte reflektera
speciellt mycket dver denna feedback nér de gjorde fel. Det
var dock ingen som gjorde fel mer &n en gang, vilket gor att
de aldrig fick se samtliga scenarion. Detta bor dock ses som
en vinst med tanke pa att de utan denna hjélp kunde forsta
spelets avsikt.

I delspelet dar myror kryper in i en stovel ar var tinkta
feedbacklosning just nu att 14ta katten ta pa sig stoveln och
bdrja dansa om ett for litet tal angivets. Det blir en tydlig
konsekvens av matematiken; det &r fler myror kvar i stéveln,
vilka kittlas nér man tar pa den. Nagot som déremot &r bety-
dligt svarare att 16sa dr om ett for stort tal angetts. Ges ett for
stort tal kommer ju katten plocka ut alla myror och sen blir
problemet att det inte finns négra kvar, dven om svaret var
fel. Att ange ett for stort tal skulle helt enkelt 16sa problemet.
Detta dr ndgot vi ha diskuterat mycket under vara méten. Vér
nuvarande 16sning att lata katten bli mycket forvirrad om det
tar slut pA myror innan han har plockat ut s& manga som an-
viandaren angett. En annan 16sning skulle vara att katten blir
sa tokig sa han slénger ivdg stveln, men detta kénns lite vél
dramatiskt. Vi ér inte helt n6jda med losningen i dagslaget
och ser gérna att ndgon gér vidare i &mnet genom ytterligare
testning och utforskning av konceptet.

Lekmoment

Magical Garden ar framforallt ett laromedel och i andra hand
ett spel. Interaktionen med spelvirlden ar ganska begriansad,
dé det mesta handlar det om att trycka pa knappar. Vi tycker
att detta kénns lite trakigt och redan tidigt i var process bor-



jade vi diskutera att det kanske vore klokt att satsa pa lite mer
och lite roligare interaktion. Lite mer spel helt enkelt. Det
finns tydliga bevis pé att spel har en motiverande kraft, men
det dr oklart hur man ska fanga detta i ett larospel (Garris et
al. 2002). Rédcker det att spelet innehéller nagra fa lekmo-
ment sa som en vaxande trddgard dér anvéndaren far se sina
framsteg visualiserad? Mer interaktion borde leda till ett roli-
gare spel, men samtidigt far det inte paverka larandet nega-
tivt. Vara losningar i de olika delspelen bygger pé tanken att
nér eleven 16st en uppgift far hen gora nagot interaktivt.

I det forsta delspelet, dér flygplanet ska slungas ivég, far
anvéndaren forst rdkna ut rétt antal apor och dra dessa till
slangbellan. Anvéndaren belonas sedan med ett litet roligt
Angry Birds-liknande (Rovio Entertainment, 2009) spel dér
slangbellan méste dras upp for att skjuta ivdg flygplanet.
Flygplanet flyger sedan ivdg och hur eleven én har siktat med
slangbellan s& aker planet &nda si langt som angavs nér
aporna drogs till slangbellan. Har finns dock ett problem, om
anvéndaren skulle tillatas skjuta ivig flygplanet d&ven om fel
antal apor angetts skulle detta potentiellt kunna leda till att
anvéndaren glommer matematiken och gor fel med flit for att
fd skjuta slangbellan mer eftersom det ar roligare. For att
motverka detta kan skjutandet begréinsas till endast nér rétt
svar angivets, men dé tappas den feedback som ges nér plan-
et aker for langt/kort. Har behdvs mer testning for att vi ska
kunna ta ett beslut. Tyvérr kunde funktionen inte testas under
vara anvéndartester, dd implementationen inte hann
fardigstéllas. Detta ar alltsd nagot som kvarstér till eventuellt
kommande arbete.

Nagot annat som spel &r bra pa &r att fanga anvéndaren
med en berittelse. Vi dr dock inte helt sdkra pa om detta &r
négot som tilltalar malgruppen. Fran egen erfarenhet var ett
spels beréttelse inget som paverkade vildigt mycket nér vi
sjdlva spelade spel i var barndom. Sjélva interaktionen och
progressionen dr nagot som vi anser spelar storre roll. I detta
projekt har vi trots detta fort in lite mer spanning i storyn for
att undersoka om det kan gora spelupplevelsen béttre. Vi
ville se om en sammanhéngande berittelse kunde ge barnen
en motiverande anledning att 16sa uppgifterna. I den forsta
testomgangen sags berittelsen som nidgot mycket positivt och
testpersonerna onskade mer interaktion mellan karaktérerna.
Detta lades till infor nista test, men nadde inte riktigt de re-
sultat vi onskade. I de nidstkommande testen sag vi nimligen
snabbt att vi hade gétt till overdrift gillande historian. Den
var alldeles for ingdende och krivde koncentration av
ahoraren, trots att vi forsokt gora den sd barnvinlig som
mojligt. Att personerna i de olika testomgangarna sag sa oli-
ka pé detta beror troligen pa att flera aspekter. For det forsta
gjordes de testen i fas ett muntligt. Forsokspersonerna fick
alltsa berittat for sig vad spelet gick ut pa, hur bakgrundshis-
toria sag ut och vad de skulle gora i spelet. I det andra testet
vivdes allt detta in i forinspelade ljudfiler som framfordes av
karaktirerna. Forinspelade roster kan vara svarare att folja
och det krévs att den inspelade rosten pratar mycket langsamt
for att behalla tydligheten. Detta gor att det tar langre tid och
koncentrationen hos spelaren kan gé forlorad. En annan as-
pekt som dr vél vird att ndmna ar den skilda aldern mellan de
tva grupperna. Det som anses som enkelt, medryckande och
lekfullt for en 25-4ring kan ses som langtrékigt och svart av
en 5-aring. Detta bor forbéttras genom nerbantade intron och
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korta, kdrnfulla dialoger.

En del som édnnu inte implementerats och dérmed inte
testats dr var idé om ett lekmoment utan matematik. Hér
skulle man ta de delar som samlats ihop efter varje avklarad
uppgift och sedan bygga ihop sitt egendesignade flygplan.
Detta moment skulle fungera som en slags beloning efter att
eleven presterat i de rikne baserade delspelen. Hér finns
annu ett spel vi tagit inspiration fran, Bygg bilar med Mulle
Merck (Levande Bocker, 1997). Detta gamla spel fingade
anviandaren genom att lata spelarens framsteg visualiseras
genom att tillgdng ges till nya hiftiga bildelar. Anvindaren
far sedan sjélv bygga ihop allt till ett unikt fordon. Detta for-
don hénger sedan med i dvriga spelet och gor sig hela tiden
pamind. Fordonet blir bdde en bra morot och ett kul lekmo-
ment nér spelaren sjdlv far bygga. Var tanke ar att lata an-
véndaren bygga lite pa sitt flygplan i pauser som léraren kan
styra. Skulle eleven sjélv kunna styra detta hade nog matem-
atikuppgifterna snabbt glomts bort och byggandet hamnat i
fokus. Vi tror att byggandet kan bidra till att anvdndaren vill
komma tillbaka och spela mer. Hur vi ska lita byggandet
sdttas igang &dr dnnu inte helt bestdmt, men att l4ta lararen
vara i kontroll kénns som en rimlig idé eftersom sjélva
matematikldrandet ska vara i fokus. Man kan &dven tinka sig
att byggandet kan sittas igdng efter varje delspel och vara
tidsbegrénsat sa att eleven inte fastnar.

Kritik och forbdttringar

Gorillans placering i mellanspelet uppdagades vara brist-
fallig 1 lofi-skissen d& ménga inte kunde placera honom
varken vid slangbellan eller bland de apor man har att vilja
pa. Detta ar givetvis ndgot som ar mycket viktigt och det har
pa andra stdllen visat sig att féoremal ar otydligt placerade.
Samma problem fanns med kakan som skulle lagas i kak-
spelet. Dér var problemet att det inte var uppenbart vilken
kaka som skulle lagas och testarna forsokte dé istillet para
ihop alla delarna for att fa ihop sa ménga kakor som majligt.
Apornas placering var nigot som reviderades till andra
testomgangen med gott resultat. Ingen av vara testpersoner
hade svarigheter med gorillan i denna omgéng. Géllande
kakorna sa bor huvudkakan flyttas langre fran de dvriga och
samtliga kakbitar bor goras storre for att 6ka tydligheten.

I det forsta testet vad det flera som kommenterade att det
blev lite osammanhingande ndr man kastades direkt in i mel-
lanspelet och vissa hade dven lite svart att se kopplingen till
delspelen. Ménga ville veta vem som fanns i planet fran fors-
ta borjan och tyckte att det hade varit bra for sammanhanget.
Vid dessa test forsokte vi som testledare att dterge en tillrick-
lig del av intro och mellananimationer for att testpersonen
skulle kunna ta sig igenom spelet utan problem. Efter den
forsta delen anvéndartester blev det klart att det hade varit
bra med mer ingdende animationer mellan delspelen for att fa
logiska Gvergangar och en mer flytande kénsla i spelet. Test-
personerna vill ocksé gidrna ha ett forklarande intro som gav
kontext till spelet. Detta 16stes genom att implementera just
overgangsanimationer och intro till spelet for att gora det mer
sammanhéngande. Efter att ha testat det pa barnen visade det
sig dock som tidigare ndmnt att ldnga intron och véntetider
leder till otalighet hos spelaren. En 16sning kan da vara att ha
med animationerna men att ge spelaren en majlighet att skip-



pa de momenten.

Manga elever som testade spelet anvéinde sig av trial-and-
error-tekniken nér de inte forstod matematiken i en uppgift.
Detta ér stindigt ett problem nér det kommer till sjdlvrét-
tande interaktionsmedel; det dr enklare att prova de olika
alternativen om den enda konsekvensen é&r att uppgiften
maste goras om igen, utan véantetid. Det finns olika sétt att
16sa detta pa. Det kan exempelvis ldggas in ett system att
anvindaren bara far gora fel ett visst antal génger eller
kanske att anvdndaren far minuspoidng om den gor fel. Vi
valde en annan metod. Eftersom barnen i testerna inte alls
tyckte om att vinta mellan att utfora uppgifter sa la vi in att
efter varje gang eleven gjort fel visades en sekvens om pa
vilket satt detta var fel. Sekvensens syfte ar bade att in-
formera eleven om pé vilket sétt den gjorde fel, och ge for-
mativ feedback, samt att vara tillrackligt lang for att den ska
vara storande. Eleven ska allts inte vilja gora fel for att den
da far vinta en alldeles for lang tid innan den far prova igen.
Det visade sig tydligt i testen att denna metod skulle behdva
appliceras pa delspelet for att forhindra att barnen forsokte
med samtliga kakbitar innan den rétta hittades. I dagsldaget
spelas bara ett ljudklipp upp, vilket inte var tillrdckligt avhal-
lande. Det &r dock viktigt att tdnka pa att det dr en balans-
gang mellan att vara trakigt att gora fel och att spelet blir
trakigt 1 helhet. Det giller att hélla sig péa rétt sida av den
linjen for att bevara barnens intresse och motivera dem till att
rdkna och léra sig.

Anvdndartest med barn

Anvindartestning dr ndgot som vi i projektgruppen dr mycket
fortrogna med. Vi visste dock inte att det var sa pass stor
skillnad att utfora tester med barn som anvéndare. Detta fick
vi snart erfara. Kontakten med forskolan gick mycket enkelt.
Vi skickade mail med information (bilaga 8) och fick snabbt
svar. Dérefter skickade vi ut ytterligare information till foral-
drar (bilaga 9). Redan hir skiljde sig tillvigagingssittet da
kontakten inte kunde ske direkt med vara anvéndare. Nar vi
anlidnde till forskolan var ménga barn lite blyga och hade
svart att svara pd vara inledande fragor, trots att vi forsokte
mjukstarta med lite avslappnat prat om namn, alder,
fodelsedagar etc. Vi var dven noga med att podngtera att vi
ville att de skulle testa spelet eftersom de var experter och
visste mycket mer om vad som var bra respektive daligt.

De flesta barnen fick testa spelet i mindre grupper, da alla
skulle fa tid att forsoka. Det var dé tydligt vilka personer som
var mer dominerande och fick ofta sina kamrater att halla
med om sina dsikter. Overlag gav svaren pa de stillda fra-
gorna mycket lite anviandbar information. Ett exempel som ar
mycket tydligt dr att samtliga forsokspersoner angav att
matematiken var enkel, men endast ett fatal klarade spelet
utan att anvinda sig av trial-and-error. Enligt véra observa-
tioner verkade alltsd inte rdakneuppgifterna vara lika enkla
som barnen uppgett. Ju ldngre testet fortskred desto mer
fortroende verkade barnen fa for oss, vilket mérktes tydligt
under debriefingen dven om svaren inte alltid var helt san-
ningsenliga. Efter testen fick varje barn ett diplom for delta-
gande(bilaga 10), vilket var mycket uppskattat.

Hade vi gjort fatt mojlighet att géra om anvéndartesten
idag hade det funnits en del saker som vi hade fordndrat. For
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det forsta hade vi akt dit en dag i forvdg for att presentera
oss, sa att barnen sett vara ansikten en géng forut. Vi hade
aven sett till att vi hade haft fler inledande fragor sa att bar-
nen hade borjat Sppna upp sig och sléppt blygheten innan de
relevanta fradgorna hade kommit fram. Vidare hade det varit
bra att tillsammans med forskoleldrarna komma fram till en
uppdelning i lampliga kamratpar, sa att alla personer hade
fatt mojlighet att visa vad de kunde och tyckte. I ovrigt
fungerade testen bra och vi fick ut nyttig information som
bekriftade vissa av vara misstankar och gav ny input.

Unity

Beslutet att inte anvdnda oss av den befintliga implementa-
tionen av Magical Garden kan tyckas nagot forvanande.
Normalt sett brukar det vara en fordel att utgd fran fardig,
fungerande kod. 1T vart fall var det dock ett enkelt beslut.
Eftersom Magical Garden ar byggt i HTML5 och Javascript,
vilka ingen av oss har mycket tidigare erfarenhet inom, var
det mycket krangligt att komma igdng med. Vara spelidéer
har dven en del fundamentala skillnader interaktionsmassigt
mot Magical Garden, exempelvis drag-and-drop och den
Angry Birds-inspirerade slangbellan. Dessa problem gjorde
det omojligt for oss att med véra resurser kunna imple-
mentera var vision av Magical Islands. Istéllet togs Unity upp
som ett alternativ. Samtliga i gruppen hade tidigare arbetat i
Unity och vi hade darfor en ganska tydlig bild av dess moj-
ligheter. Efter en kort analys visade det sig att Unity nu har
bra stod for 2D-spel, vilket kdndes lovande. Efter beslut om
att anvianda denna spelmotor kunde vi pé kort tid bygga vér
forsta scen. Unitys tydliga uppdelning i grafisk presentation
och scriptlogik gjorde det dven enkelt att dela upp arbetet i
tva kategorier. En grupp byggde animationer och den andra
programmerade den sammanbindande logiken.

Arbetet med Unity borjade bra och kdndes mycket lo-
vande. Det visade sig dock senare uppkomma en del prob-
lem. Vissa av dessa berodde pa misstag baserade pa grup-
pens, trots tidigare arbeten, relativa oerfarenhet av Unity. Ett
exempel pa ett sddant var att vi till en borjan anvinde kom-
ponenten Animation i de objekt som skulle animeras. Detta
medforde en del svarigheter och efter ett tag upptécktes det
att Unity numera har ett Animator-verktyg som fungerar be-
tydligt béttre. Vi fick darfor bérja om med alla animationer
och utfora dem i Animator istéllet.

Versionshantering blev ocksa ett problem. Vi ansag det
kréngligt att sitta upp ett delat projekt och arbetade istillet
parallellt med tva lokala projekt som vi med jaimna mellan-
rum bakade ihop. Detta gick bra till en borjan, for att sedan
inte fungera alls. Filerna ville inte samsas och Unity
kraschade. Detta ledde till att vi fick bygga om alla anima-
tioner dn en gang. Detta kunde ha undvikits om vi tidigt hade
tagit tiden att sétta upp ett gemensamt delat projekt varifrn
animationerna kunnat aterhdmtas. I efterhand kan det tyckas
naivt att vi inte insag att detta skulle hinda, men vid tillfzllet
ansag vi att det skulle ta for mycket resurser att fa ordning pa
ett delat projekt.

Spellogiken visade sig dven vara mycket svérare att fa
ordning pa &n véntat. Enligt utvecklingsplanen hade vi ténkt
implementera mellanspelet med slangbellan samt det delspel
dédr hajen matas med kakor. I slutindan blev det dock svart



nog att fa ratt pa ett delspel, varfor vissa detaljer i mel-
lanspelet aldrig blev fardiga. Fran borjan skrevs alla scripts i
Unityscript, vilket liknar Javascript, for att kunna anvianda
delar av koden fran Magical Garden. Detta var inte s& klokt
eftersom vi ju hade gatt over till Unity for att just komma
ifran den gamla koden, da vi inte hade nagon erfarenhet av
Javascript. Detta gjorde att vi efter mycket frustration beslu-
tade att skriva om allt i C# istdllet. Efter detta gick arbetet
mycket snabbare och smidigare, men fér mycket tid hade
runnit ivdg for att hinna bygga allt innan testerna skulle
genomforas.

I slutédndan tror vi &nda att vi gjorde rétt val att ga dver till
Unity, men ofdrutsedda problem och en nagot naiv tilltro till
programmet gjorde att vi inte hann komma sa 1angt i utveck-
lingen av spelet som vi skulle ha velat.

6 Slutsats

Projektets omfattning var fran borjan inte bestdmd vilket
ledde till att ambitionsnivan blev alldeles for hog for den
tidsram projektet hade. Problem s& som manfall, tekniska
bekymmer och tidsbrist hjdlpte inte heller fallet. Trots detta
har projektet natt en punkt i utvecklingen som é&r lovande.
Projektet har resulterat i ett spel med ny design och
nytinkande inom ldrospel och lagt en grund for vi-
dareutveckling inom omrédet. D& det grundldggande kon-
ceptet ar faststéllt enligt rapporten ovan ar det enkelt att byg-
ga pa idén med fler delspel och mer lekmoment. Kom-
mentarer fran forskoleldrare sa att de tyckte att det var bra att
spelet var lite langsammare &n manga andra som finns pa
marknaden idag, da larande stimuleras av en lugn milj6. Att
avldsa fran barnens kommentarer sa ville tio av tolv barn
spela spelet igen, vilket &r ett bra resultat da spelet dr anpas-
sat for just dem.
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Bilaga 9

Hej,

vi ar tre studenter som studerar sista aret pa
civilingenjorsprogrammet pa Lunds Tekniska
Hogskola. Vi laser just nu en kurs dar vi utvecklar
ett pedagogiskt larospel for barn i aldrarna 5-7
ar. For att utvardera vart arbete soker vi nu
personer i var malgrupp som kan utfora
anvandartester pa produkten. Spelet ar inriktat
pa matematik och ar utvecklat enligt laroplanen
for barn i malgruppsaldern. Spelet ar
webbaserat och designat for att spelas pa en
touchplatta, exempelvis en iPad. Anvandar-
testerna ar tankta att utforas pa ca 10-15 elever
och &r berdknat att ta ca 10 minuter per elev. Ar detta nagot som later
intressant for Er forskola? Tveka inte att
hora av Er med fragor och funderingar. Vi ser
fram emot ett eventuellt samarbete.

Med vanliga halsningar,

Celie Gunnarsson

Johan Mattsson

Aron Soderling

Informations- & kommunikationsteknik, LTH

adilOcgu@student.lu.se
070-722 94 99
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Bilaga 10

Hej,

Fredagen den 12 december kommer det att
genomforas anvandartester pa Backens forskola
avdelning Stenen. Vi som genomfor testen ar tre
studenter som laser sista aret pa civilingenjors-
programmet pa Lunds Tekniska Hogskola. Vi
jobbar just nu med ett projekt dar vi utvecklar
ett pedagogiskt larospel for barn i aldrarna 5-7
ar. Anvandartesterna ar ett satt for oss att
utvardera vart arbete, underséka produktens
kvalitet och nivans lamplighet for malgruppen. Vi
vill sarskilt podangtera att testerna endast ar till
for oss att fa feedback pa produkten och ar inte
pa nagot vis avsedda att testa Era barns formaga. Spelet ar inriktat pa
matematik och ar utvecklat enligt laroplanen for barn i malgruppsaldern.
Testerna kommer utforas pa touchplatta,
exempelvis en iPad, och berdknas ta ca
10 minuter per elev.

Har ni fragor eller vill ha mer information,
kontakta oss garna.

Med vanliga halsningar,

Celie Gunnarsson

Johan Mattsson

Aron Soderling

Informations- & kommunikationsteknik,
LTH

adilOcgu@student.lu.se
070-722 94 99
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Virtuell miljo vs. Verkligheten

Choice Blindness-experiment utformat for en
virtuell milj6 med en virtuell agent.

Emil Boman, Martin Lingonblad, Ludvig Londos, Arvid Nilsson

Pdverkas mdnniskors tillit eller uppmdrksamhet infér en
virtuell agent av hur inlevelserik och grafiskt detaljerad
agenten och dess omgivning dr? Ett choice blindness (CB)
experiment utfordes for att underséka detta. Vi forsékte med
hjilp av en hog- respektive ldagdetaljerad virtuell
forséksmiljo testa hypotesen att den ldgre detaljerade
virtuellmiljon (lag immersion) skulle 6ka uppticksgraden
vid en CB manipulationen. 38 forsokspersoner deltog och
delades in i tva grupper (hég och ldg immersion) och tes-
tades. 1 bdda villkoren agerade en virtuell agent forsok-
sledare till CB-experimentet, 16 par portrdttbilder visades
tvda at gdngen for forsokspersonerna och de valde vilket
ansikte de tyckte var mest attraktivt. 1 dtta av paren fick
forsékspersonen motivera sitt val av ansikte, fyra av dessa
var manipulerade och om forsokspersonen uttalade att ma-
nipulation hade skett noterades det som en concurrent upp-
tdackt. I miljon med hég immersion var den totala upptdicks-
graden 31%, och i den med ldg immersion var 43%. Vi
kunde ddrfor inte visa att den totala uppticksgraden i ldg
immersion skilde sig signifikant fran den i hog, ddremot
fanns en skillnad i ndr de flesta upptdckter gjordes, ndamli-
gen tidigare i ldg jamfort med i hég immersion. Framtida
forskning kan involvera experiment med en hégre immer-
sion grad dn den vi anvint genom att anvinda till exempel
Oculus Rift eller storre skdarmstorlek.

1 Introduktion

Digitala experiment blir allt vanligare. Det har blivit
enklare att programmera och skapa experiment digitalt
vilket lett till att fler och fler anvédnder detta medium for att
skapa experiment. | manga fall dr detta ett fruktbart sitt att
gora studier for att fa bra data och jamforbara resultat, efter-
som sjdlva undersokningen kommer att vara likadan for
varje forsoksperson. A andra sidan blir det, i takt med att
man vill géra mer och mer avancerade undersdkningar med
datorn, allt fler parametrar man vill inkorporera och re-
dogora for.

Inom exempelvis beteendeforskning eller socialp-
sykologi maste man ofta gora ett val mellan naturlig och
kontrollerad “setting” (milj6). En naturlig miljo inbjuder till
naturligt beteende men gor det dven problematiskt att kunna
replikera experimentet da det finns ndstan odndligt ménga
obestdmda variabler. En kontrollerad miljo — likt en experi-
mentmiljo — kan redogdra for ménga av dessa variabler men
kanske inte undersoker det naturliga beteende man vill un-
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dersoka. Fragan dr om vi kan, med hjélp av datorn, skapa
kontrollerade naturliga miljoer som kan efterlikna vér
naturliga miljo och pd s sétt kunna undersdka naturligt
beteende pa ett sétt som ar replikerbart.

En virtuell vérld ger forskare mojligheten att ha kontroll
over miljon likt en undersdkning i ett labb med fordelen att
miljon kan efterlikna en verkligare milj6 (Fielder & Haruvy,
2009: 716). Den virtuella miljon medfor ocksa att man kan
utfora experiment genom att programmera virtuella mén-
niskor — virtuella agenter — till att representera ménniskor
som behovs i experimentet. De virtuella agenterna kommer
da att bete sig pa samma sitt for varje forsoksdeltagare i
varje experiment, ndgot som annars kan vara problematiskt
att kontrollera hos riktiga ménniskor (Blascovich et al.,
2002: 112).

Syftet med denna undersdkning var att replikera ett tidi-
gare Choice Blindness-experiment (Haake & Gulz) virtuellt
— mer om Choice Blindness (CB) nedan. CB-experimentet
kommer vi att anvinda som ett métvirde for hur vél den
virtuella settingen &r framstédlld. Genom att manipulera den
virtuella settingen (hég immersion/ldg immersion) vill vi
kontrollera om detta péverkar upptiacksgraden av manipula-
tioner hos forsokspersonerna. Det vi vill undersoka ar huru-
vida den virtuella settingen bidrar till en vésentlig skillnad i
upptécktsgrad hos forsdkspersonerna. Det finns dven moj-
lighet att jamfora upptiacktsgraden i detta experiment med
tidigare CB-experiment i naturlig milj6.

2 Bakgrund

Undersdkningar i virtuella rum (Virtual environments, VE)
kan hjélpa oss skapa och gora undersdkningar i en naturlig
virtuell setting. En fraga man kan stélla sig &r hur pélitliga
experiment man kan gora i denna setting. Litar vi exem-
pelvis pa datorer i samma utstrackning som vi litar pd mén-
niskor?

Reeves & Nass (1996) hévdar att vi — i stor utstriackning
— behandlar datorer som om de vore ménniskor. Exempelvis
ger man mindre kritik till ett datorprogram om vi ombeds att
utvdrdera programmet pad samma dator som man korde pro-
grammet (Reeves & Nass, 1996: 23f). Detta &r en parallell
till att det 4r mycket svarare — man far mindre kritik — om
man ombeds att utvirdera en person nér personen ar nir-
varande.

I denna undersdkning kommer vi som sagt att anvidnda



oss av CB for att undersoka hur forsoksdeltagare paverkas
av en virtuell setting.

“Choice Blindness is a research paradigm originally
inspired by techniques from the domain of close-up card-
magic, which permits us to manipulate the relationship be-
tween what people choose, and what they actually get.”

- http://www.lucs.lu.se/choice-blindness-group/

CB-experimentet i sitt grundutforande gemomfors med
en forsoksledare och en forsdksdeltagare. Forsoksledaren
visar upp ett flertal bilder av ménnisko-ansikten. Dessa
bilder visas upp parvis i ett ett kort intervall, mellan 2-5
sekunder. Efter att korten visats vinds de upp-och-ned pa
bordet varpd forsoksledaren frégar forsoksdeltagaren vilket
av ansiktena denna foredrog. Forsoksdeltagaren véljer darpa
hoger eller vénster kort beroende pa dennes preferens. Nér
valet har gjorts skjuts detta kort fram till forsoksdeltagaren
som antingen fér ldgga kortet &t sidan eller ta upp och kolla
pa kortet. I vissa fall da deltagaren tar upp kortet sa ska
denna motivera varfor hen valde detta kortet dver det andra.
I négra av fallen dé deltagaren ska forklara sitt val si har
forsoksledaren utfort ett magitrick - dar hen har haft bada
korten i paret i bdda hénderna och utfort ett byte. Forsoks-
deltagaren tvingas i detta fall att motivera det valet hen inte
utforde. Oftast uppméirksammas inte manipulationen av
korten och det &r detta som kallas Choice Blindness.

Upptécktsgraden av manipulationer har visat sig stiga
niar man for éver CB till en virtuell setting (bland annat
foregdende ej publicerad undersdkning av Haake & Gulz
samt Johansson et al., 2007). Bland annat sdg man hir, att
nér tidigare genomforda CB undersdkningar med en fysisk
forsoksledare och verkliga kort nu gjordes med en fysisk
forsoksledare men med digitala kort 6kade upptécktsgraden
av manipulationer (Haake & Gulz). Vad beror det pa? Vi ser
fyra mojliga alternativa forklaringar till att man som
forsoksdeltagare missar en manipulation:

« Naturlig miljo som stor ens uppmarksambhet.

« Tillit till forsoksledaren: “hen luras inte”.

« Tillit till den naturliga miljon; foton fordndras van-
ligtvis inte.

« Néagon annan okénd faktor.

Ar det var naturliga miljé med all dess stimuli och dess
inverkan pa var uppméarksamhet som gor att vi inte ser ma-
nipulationer, ar det vér tillit till fors6ksledaren — att hen inte
luras — som gor att vi missar manipulationer eller &r det véar
tillit till att har man gjort ett val s& kommer detta val inte att
fordndras?

Om vi aterskapar ett naturligt CB-experiment virtuellt
kan vi forsoka komma &t detta. Till var hjalp kommer vi
anvédnda oss av termerna immersion och presence, vilka &r
sétt att méta hur personer upplever den virtuella miljon —
mer om detta senare. I den virtuella miljon finns moj-
ligheten att manipulera egenskaper for att se om det har en
effekt pa hur ofta ménniskor uppticker en CB-effekt.
Paverkas man av att en virtuell forsoksledare har ett mindre
ménskligt beteende, och mdojligen inbjuder till en mindre
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social respons? Péaverkas man av en karg miljo utan irrele-
vanta stimuli? Péverkas man av en miljo som inte till fullo
matchar med verklighetens fysiska lagar? Alla dessa faktor-
er kan diskuteras i former av immersion.

Om man manipulerar ett par eller alla av dessa egen-
skaper, paverkar detta uppticktsgraden av manipulationer
eller dr den storsta faktorn som 6kar uppticktsgraden sjilva
overgangen fran det faktiska till det digitala?

Immersion och Presence

Var forhoppning dr att kunna pavisa att vilken grad man
avspeglar verkligheten spelar roll for resultatet av ett exper-
iment. I “Virtual reality”-paradigmet anvinds ofta termerna
“immersion” och “presence” for att bestimma denna grad
av reflektion av verkligheten. Immersion och presence an-
vinds dven exempelvis i spelindustrin dér de dock brukar
beskriva samma sak. Hir kommer vi att anvinda immersion
for att forklara det som brukar kallas “system
immersion” (Slater, 1999; Slater & Wilbur, 1997), det vill
sdga de tekniska egenskaper som den virtuella settingen
byggs upp av. Presence anvidnds ddremot som ett subjektivt
maétt pd hur mycket man “dr i den digitala vérlden” (present
in the virtual world).

Genom immersion kan man paverka persence. Bland
annat sa rapporterade Welch et al. (1996; refererad i Slater
& Wilbur, 1997) en signifikant skillnad i hur hég och lag
grafisk fidelitet paverkade hur forsoksdeltagare upplevde
presence nér de fick utfora ett experiment med en korsimu-
lator.

Presence

Presence ér en viktig aspekt av att skapa en virtuell set-
ting. Kan man skapa en hog presence finns det stor anled-
ning att tro att deltagarna kommer att i storre mén ha ett
naturligt beteende, det vill séga bete sig som man gor i en
naturlig setting (Slater & Wilbur,1997:8).

”The fundamental idea is that participants who are high-
ly present should experience the VE as more the engaging
reality than the surrounding physical world, and consider
the environment specified by the displays as places visited
rather than as images seen (ibid: 4).

Hog immersion leder dock inte med nddviandighet till en
hog presence. Viktig dr dven formagan hos deltagaren att
Overtyga sig sjdlv om att den virtuella varld hon upplever ar
verklig. Det brukar kallas “suspention of disbelief”. Ett ut-
mérkt exempel pa ldg immersion men hdg presence ar bo-
ken.

Presence kan &@ven delas upp i olika delar, fraimst envi-
ronmental presence och copresence eller social presence.
Med denna uppdelning kan man urskilja hur personer up-
plever att de &r i miljon (environmental presence) och att de
ar tillsammans med en annan person (social presence). Bdda
tror vi ar viktiga att undersdka da — som vi ndmnt ovan — de
kan vara viktiga komponenter for att aterskapa ett CB-ex-
periment med ett resultat som liknar det i en verklig setting.

Immersion

Immersion behandlar de tekniska delarna av en virtuell set-
ting — hur informationen visas, de kvantifierbara delarna av
programmet (Slater & Wilbur, 1997:3). Immersion kan dven



det delas upp i olika delar, Slater & Wilbur (1997) delar upp
immersion i fyra kategorier: Vivid, inclusive, extensive och
surrounding (s. 3). Dessa ér en hjilp for att bygga upp en
environmental presence. Vivid beskriver de tekniska speci-
fikationerna sdsom uppldsning och fidelitet. Inclusive &r hur
mycket av verkligheten som sluts ute. Extensive dr hur
maénga sensoriska modaliteter som é&r inkluderade. Sur-
rounding dr hur val ens synfilt representeras i den virtuella
vérlden.

Ett exempel pad hog immersion dr anvindandet av en
Oculus Rift eller liknande “head-mounted display”. Denna
bade stinger ute omvérlden, ger ett synfilt liknande ens eget
samt mdjligheten att fritt rora pd huvudet. Denna anvinds i
ett virtuellt rum med en hog grafisk fidelitet ddr man pa
olika sétt kan interagera med (exempelvis badde genom tal
och gester) och rora sig i omgivningen.

Utover dessa egenskaper av immersion som framst ar
riktade till att skapa en hog environmental presence
tillkommer det dven interaktion mellan en virtuell agent och
deltagaren — s.k. social presence — i denna undersdkning en
interaktion med en virtuell agent som forsoksledare. En bra
animerad agent kan leda till att mdnniskor uppfattar agenten
som mer “human-like, engaging and motivating” (Dehn &
Van Mulken, 2000: 2). Att en agent beter sig ménskligt
kallar Blascovich et al. (2002) for behavioral realism. Det &r
helt enkelt enklare att 6vertygas om att den agent man moter
i den virtuella miljon representerar en méanniska om den
beter sig likt en ménniska och man kan kommunicera med
den pd samma sdtt som man gor med en ménniska.

Blascovich et al. (2002) hdvdar ocksa att den kritiska
punkten for en god behavioral realism &r att den virtuella
agenten beter sig eller ter sig intelligent. Detta for att vi
skall uppna en social presence (s.112). De hévdar dven:

"If social presence is low (i.e., the user or participant
knows the virtual other is an agent—avatar), behavioral real-
ism must be very high, including perhaps even photographic
realism, for social influence effects to occur" (Blascovich et
al., 2002: 112)

Det vill sdga att nir en deltagare 4r medveten om att det

Hog immersion

ar en agent och inte en avatar (en virtuell representation av
en annan minniska) sa krdvs det hogre realism, bade pa
agentens rorelser och dess grafiska fidelitet, for att vi skall
vilja interagera med den som om den vore en ménniska.

Sammanfattningsvis kan vi anta att: “The more inclu-
sive, extensive, surrounding, and vivid the VE is [...] or the
more similar the transformations in the VE are to those in
the real world [...] the higher the presence.” (Shubert,
Friedmann & Regenbrecht, 2001: 267

Choice blindness i en virtuell setting

Experimentet dr en konceptuell replikering av Haake och
Gulz (ej publicerad) CB-experiment vilka gjordes i tva ut-
foranden. Det ena med verkliga kort och en verklig forsok-
sledare (Betty Téarning) och den andra med samma forsok-
sledare men med virtuella kort pd en datorskédrm. Detta ex-
periment blir en utdkning av dessa d& vi anvénder oss av
virtuella kort och en virtuell forsoksledare.

Experimentuppldgget kommer att vara detsamma som
de tidigare och kommer besta av 16 stycken ansiktspar, rep-
resenterade av svart-vita foton av bade manliga och kvinnli-
ga ansikten, e¢j mixade par. Det kommer att vara samma
ansiktspar som i de tidigare experimenten och de kommer
visas under samma tidsintervall (3 sekunder). Storleken pa
korten kommer &ven att anpassas s att de efterliknar exper-
imenten som gjordes av Haake och Gulz.

Av de 16 ansiktsparen kommer deltagaren bli bedd att
forklara sitt val pa 8 stycken par varav fyra av dessa kom-
mer att vara manipulerade. Dessa atta par kommer att vara
randomiserade vilket betyder att alla fOrsoksdeltagare
kommer fa annorlunda ordning samt att de fyra manipuler-
ade paren kan vara olika fran forsoksdeltagare till forsoks-
deltagare.

Deltagarna filmas for att kunna urskilja om och nir en
upptickt av en manipulation sker. Utdver det har vi dven en
debriefing efter experimentet som efterspeglar de debriefin-
gar som gors efter ett standard CB-experiment och ger
chans for forsoksdeltagaren att dven gora upptéckter efter
experimentets gang.

Lag immersion

Figur 1. Till véinster en hdg immersion bild av programmet och till hoger 4r en bild av l4g immersion dér den virtuella
miljon har dndrats enligt Blascovichs.
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De tva parametrarna vi kommer att undersdka ar hog

samt lag immersion. I hog immersion efterstravades att rep-
likera experimentet (med verklig forsoksdeltagare och verk-
liga kort) i s& hog grad som mojligt. En egenskap ér att delt-
agaren kan prata naturligt med forsdksledaren via en mikro-
fon. For att separera tva grader av immersion valde vi att
endast sénka eller ta bort saker i den med 1&g immersion,
med hog immersion som utgangspunkt. Alternativet skulle
vara att forsoka oka den hoga genom exempelvis graden av
skala (Johnsen et al., 2010) eller inklusion (t.ex. med hjélp
av Oculus rift).
Fyra aspekter av environmental presence valdes ut att ma-
nipulera. De valdes bade med tanke pad upplevd presence
och mojlig paverkan pé effekter som kan paverka CB (se
diskussion ovan) och var som foljer: Spatial presence
(Slaters extensive), involvement (inclusive), upplevd real-
ism (Slaters vivid) och social presence.

I versionen med lag immersion togs all dverflodig mob-
lering bort (se Appendix X for nogrannare beskrivning), for
att sdnka variabeln surrounding. Detta liknar det som
gjordes i Welchs studie (Welch et al., 1996) déar de ocksa
sinkte den grafiska fideliteten. Aven handen som visade
vilket kort som valdes togs bort, forsoksledaren Betty fick
sin rost datoriserad och hennes ansiktsanimeringar min-
skades i komplexitet, for att paverka variabeln extensive. |
Blascovichs studie (Blascovich et al. (2002) gjorde man
liknande forandringar.

Aven skuggorna som fanns i versionen med hog immer-
sion togs bort, detta testades i en gammal studie (Slater,
Usoh & Chrysanthou, 1995). Aven programmets grafiska
instéllningar sénktes for versionen med lag immersion for
att sdnka variabeln vivid. Malet med lag immersion var att
sdnka upplevd presence men inte paverka programmet neg-
ativt eller stora deltagarens uppmaérksamhet, det vill séga att
det varken stor eller drar uppmirksamhet ifrdn CB-
uppgiften. Malet var att sdnka upplevd presence jamnt for
de fyra aspekterna for att inte en skulle sticka ut och stdora
forsoksdeltagaren.

Tabell 1. Visar medelviardet hos de tva grupperna i de
vardera fem aspekterna av presence som studerades.

Spati Involve- E x p. Soci
Grupp al ment realism al
Hog immer-
sion 2,28 2,05 1,65 2,52
Lag immer-
sion 1,84 1,3 1,15 2,16

3 Pilotstudien

Design

En pilotstudie utfordes innan huvudexperiment. Syftet med
pilotstudien var att faststilla att vara tva grader av immer-
sion faktiskt speglar en upplevd skillnad i presence samt att
de inte verkar paverka CB-uppgiften negativt. Studien ut-
fordes genom att vi forst 1dt forsoksdeltagaren gora en Im-
mersive Tendencies Questionnaire (ITQ) (se appendix III).
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Detta frageformuldr var till for att fa en insikt i vilken ut-
strickning forsoksdeltagarna tenderar att involvera sig i en
virtuell (eller textbeskriven - bok) virld. Efter experimentet
fick deltagarna dven besvara ett frigeformulér om upplevd
presence, “The Igroup Presence questionnaire” (IPQ) (se
appendix IV). Detta frdgeformuldr behandlar fyra kategorier
av presence (Spatial, involvement, exp. realism) och hur
mycket presence personen kinde i experimentet. Formuléret
var utdkat med fem tillagda frdgor hamtade ur Garau et al.
(2005) vilka behandlade social presence. Alla fragor besva-
rades pé en femgradig skala.

Pilotundersdkningen anvindes som grund for att visa att
var lag respektive hog immersion-grupp faktiskt har 1ig
respektive hog immersion. Vi inkluderade dven en standard
debriefing angdende CB dir vi stéllde frdgor som stegvis
blir mer och mer specificerade runt kortmanipulationerna.
Okningen av specifikation gar frin frigor som t.ex. om man
tyckte att experimentet gick bra, till att man avsldjar att ma-
nipulationer har skett och ifall forsoksdeltagaren upptickte
dessa. Var hypotes ar att det ar en skillnad i presence mellan
den hog och lag virtuella miljon.

Metod och procedur

Tio stycken studenter rekryterandes pa Ingvar Kamprads
Designcentrum i Lund for att delta i pilotundersdkningen.
De fick ingen ersittning for sitt deltagande. Alla besvarade
frgeformuldret om “immersion tendencies” innan de ut-
forde undersokningen. De randomiserades in i tva grupper
om fem, som vardera fick hog respektive 1&g immersion-
villkor. Direkt efter experimentetdelen utfordes presence-
formuléret.

Malet med pilotundersdkningen var som tidigare ndmnt
att faststilla att de tva villkoren skiljde sig at i hdnseende till
upplevd presence och att de parametrar vi manipulerar inte
storde utforandet av CB-uppgiften. Efter presence-for-
muléret gjordes dven en debriefing for upptickt av manipu-
lationer men eftersom detta inte var pilotundersokningens
huvudfokus analyserades inte detta utan anviandes framst for
att testa experimentutfoérandet.

Resultat

Vi fann en skillnad pa de bada grupperna i upplevd pres-
ence, vilka alla visade en viss forsdmrad upplevelse av pres-
ence jaimfort mellan grupperna. I efterintervjun samt i en
ytlig sammanfattning av concurrent detection fann vi dven
att det var en mindre uppticktsgrad av manipulationer i hog
immersion jamfort med den i lag immersion. ITQ-resultaten
hade ett medelvirde pé 0,62 i hog immersion och 0,65 i 14g
immersion.

Diskussion

Resultatet motsvarade véar hypotes sétillvida att det visade
pé en tendens at att det finns en skillnad. Lag immersion
verkar visa pd en allmint mindre presence-kinsla. Detta
betydde att vi kunde ga vidare med experimentet pa en
storre skala och testa upptécksgraden da vi med pilotunder-
sokningen menade oss ha visat att de parametrar vi manip-
ulerat i lag immersion &r av skild karaktir fran den i hog
immersion samt att de inte verkade stéra deltagarna under
CB uppgiften.



4 Choice Blindness Experimentet

Deltagare

41 studenter (medelalder: 24, sd=2,8. 21 st kvinnor) vid
Lunds Universitet samt Lunds Tekniska Hogskola rekryter-
ades pé Ingvar Kamprads Designcentrum i Lund. Som tack
for sin medverkan kompenserades de med ett kaffekort virt
25 kronor. 3 deltagare exkluderades ur analysen pa grund av
att de antingen inte hade fullfoljt uppgiften eller hade fatt ett
felaktigt experimentprogram. Totalt analyserades data fran
38 deltagare, 19 i respektive grupp med medelalder i hog:
24,2 (sd=3, 10 st. kvinnor); lag: 23,8 (sd=2,6, 11 st. kvin-
nor).

Design och procedur

Undersokningen delades upp i tre delar. Ett inledande frage-
formuldr (ITQ), sjdlva undersokningen samt en avslutande
intervju. Frageformuldret och intervjun gjordes i samma
rum medan undersdkningen gjordes i ett annat. Innan un-
dersokningens borjan informerades alla forsoksdeltagare
(fd) om att malet med undersokningen var att interagera
med en virtuell agent med hjalp av rostigenkénning. De blev
ocksd informerade om att den virtuella agenten skulle
komma att instruera dem att utféra en uppgift.
Frageformulérets syfte var att sdkerstélla att de tva grup-
perna var likstdllda, bdde hur de uppfattar sin formaga att
leva sig in i en virtuell virld och deras datorvana. Sjélva
undersokningen (se ovan for specifikationer angéende antal
par, antal manipulationer och sa vidare) utfordes genom att
anvénda en s.k. Wizard of Oz-teknik for att styra program-
met av en person i samma rum som fd, dock bakom en sky-
ddande skédrm sa att den ¢j skulle bli sedd. Det verkade inte
som att ndgon deltagare upptickte denna styrning, utan de
agerade som om programmet reagerade pa deras roststyrn-
ing. Personen som styrde programmet forsokte i s god man
som mdjligt att emulera hur ett program borde reagera mot
roststyrning och gjorde detta pd samma sitt oavsett hog
eller 1&g immersiongrad. Den efterféljande intervjun gjordes
for att ge deltagarna dnnu en chans att uppvisa att de upp-
tackt manipulation och f6ljde en standardmall for CB-de-
briefing. (Se appendix X for en fullstindig teknisk doku-
mentation om hur programmet var uppbyggt och vilka
resurser som anvéndes.)
Resultat
Concurrent detection (CD) kodades av tva personer i grup-
pen vilka var blinda fér immersiongraden hos forsoksdelta-
garen. CD kodades individuellt av de tva for att sedan jaim-
foras. I de fall da de inte var eniga diskuterades dessa fall
innan kodarna hade vetskap om immersiongrad eller resul-
tatet fran efterintervjun.

CD kodades i tva grader. Hard vilken definierades som
nagon form av verbal upptickt, antingen i form av att ty-
dligt séga att det inte var det kortet de valde eller nagot va-
gare, men fortfarande verbalt, exempelvis: “var det verkli-
gen det kortet jag valde?” Det kodades dven en svagare
form av CD. Denna kategoriserades av att forsoksdeltagaren
antingen rynkade pa pannan, sig frdgande ut eller att
forsoksdeltagaren svarade pa ett sétt olikt de andra paren
dédr hen blev ombedd att forklara sitt val. Denna svagare
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form av upptickt &r inte en lika tydlig upptickt da det kan
vara sa att forsoksdeltagaren svarar annorlunda eller beter
sig annorlunda men egentligen inte blir medveten manipula-
tionen. Det dr ockséd mojligt att forsoksdeltagaren blev med-
veten om manipulationen men valde att inte verbalt reagera.
(Se graf 1.)

Total upptéicktsgrad av CD var i hog immersion 27%
(inkl. svag upptickt = 31%). I lag immersion var den 38%
(inkl. svag upptickt = 43%). Ett t-test gjordes pa total upp-
tacktsgrad i bade stark och svag CD (t(150)=1,4824, 95%
CI [-0,07; 0,5], p-vérde = 0,14) utan att visa pa ndgon stark
skillnad pa total uppticktsgrad mellan grupperna.

Det syns ocksa tydligt i graf 1 att upptéckten av manipu-
lation skedde i hogre grad tidigare i 1dg immersion. Redan
vid andra manipulerade paret fanns det en skillnad i upp-
ticktsgrad gentemot hog immersion dir frédmsta upptickt
skedde forst vid det fjirde manipulerade paret. Aven ett t-
test mellan CD2 i bdda grupperna visade pé en statistisk
skillnad dem emellan.

ITQ anvéndes, som tidigare ndmnt, for att faststilla att
det inte var en snedfordelning i hur stor utstrickning
forsoksdeltagarna tenderar att involvera sig i en virtuell
varld mellan de béda grupperna. Medelvérdet pa ITQ i hog
immersion var 0,63 medan det i ldag immersion 14g pa 0,59.
Ett t-test visade ingen statistisk skillnad dem emellan
(p>0,05). En linjarregressionsmodell (Total upptickt ~
medelvirde ITQ) visade heller ingen signifikant paverkan
av inlevelse tendens pa uppticktsgrad.

1 D2 D3 CcD4
Concurrent Detection

Graf 1. Concurrent detection i lag och hog immersion
(bla respektive rod) med bade stark kategorisering och stark
plus svag (streckade linjerna).

5 Diskussion

Aven om studien inte visade nigon stor statistisk skillnad i
total upptécktsgrad mellan hdg och 1ag verkar det &dnda ske
nagon form av paverkan pa upptécktsgrad dem emellan. En
storre undersokning med fler deltagare skulle mojligtvis
kunna urskilja vart antagande att 1ag immersion ger en ho-
gre uppticktsgrad. Man kan ocksa spekulera i om den ldga
inte var ldg nog utan de aspekter vi manipulerade kanske
borde ha sénkts dnnu mer.



Det var inte nagon signifikant skillnad mellan hég och
lag immersion i totalt antal CD déremot ség vi — vilket man
kan se i graf 1 — att de har olika karaktdr i nir upptackterna
gors. Vad for olika tolkningar kan man gora om att lag im-
mersion upptdcker tidigare &n hdg immersion? Vi kan
spekulera utifran de resultat vi fatt: Kan det vara sé att skill-
naden mellan de tva miljderna beror pa mingden stimuli i
hog, det faktum att det helt enkelt finns mer saker att
fokusera pa. Da kan det vara att man upptacker tidigare i lag
for att man inte har nagot annat 4n ansiktena att fokusera pa,
med andra ord, det 4r inget annat som drar till sig uppmaérk-
samheten?

Vara resultat verkar ligga i paritet med tidigare CB-ex-
periment. Till exempel hade originalstudien av Johansson et
al (2005) en total upptacktsgrad pa 26%. Detta skulle pavisa
att det &r mgjligt att aterskapa choice blindness effekten i en
virtuell setting. Overgangen fran verklighet till virtuellt
verkar inte ha en negativ paverkan pa resultatet i allménhet.
Diremot verkar simre datorprogram paverka resultatet om
inte 1 total upptéckt sa d&tminstone pa nagot sétt, i detta fallet
i ndr de flesta upptickter sker. Det kan darfor vara bra att ha
detta i atanke vid skapandet av den virtuella miljon och in-
teraktionen med virtuella agenter, samt vid sammanstéllning
av resultatet fran en sddan undersokning. Beroende pa
uppgiften i undersdkningen kan det vara vért att ldgga ner
mycket tid pé att arbeta upp ett bra program som har en bra
mappning med verkligheten innan man testar det pa riktigt
sé att sdga.

Framtida forskning

Vi dmnar att vidarearbeta var undersékning med en storre
statistisk analys samt jamfora var hég immersion version
med de tidigare undersdkningarna utav Haake och Gulz
vilka anvdnde samma experimentparametrar (se ovan). Det-
ta skulle ge en dnnu béttre jamforelse med ett verkligt CB-
experiment &n att exempelvis jimfora med Johansson et al.
(2005) dar andra parametrar, exempelvis andra ansiktspar,
anvéndes.

Var undersdkning mdjliggdr dven alternativ att antin-
gen forsoka Oka presence och pa sa sdtt mojligtvis dven
sdnka uppticktsgraden dnnu ett steg, &ven om det Oppnar
upp frdgan om det &r relevant att forsoka sdnka upptackts-
grad Overhuvudtaget. Exempelvis sa lar anvdndandet av
Oculus Rift 6ka graden av upplevd presence men fragan blir
om det sdnker upptiacktsgraden. Att be forsoksdeltagare att
gora ett “enkelt” ansiktspreferenstest och samtidigt be dom
anvanda en “head mounted display” kan 6ka misstanken for
experimentet och gora att man faktiskt okar upptickts-
graden.

At andra hallet si kan man 4ven vidareutveckla var lag
immersion version genom att antingen sénka alla aspekter
annu mer eller fokusera pa en del. Till exempel kan man
fokusera pa den virtuella agenten, for att genom att endast
manipulera en aspekt mojligtvis kunna urskilja olika aspek-
ter som skapar CB effekten individuellt.
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Appendix I:Manus

Vilkommen/Intro.
-Hej och tack for att ni vill medverka i denna undersokning. Jag ar en virtuell agent och kommer vara undersdkningsledare
i denna undersdkning som ér ett ansiktspreferenstest.

Sjdlva unders6kningen kommer att ta ungefar 20 minuter darpa kommer det att f6lja en kort intervju, hela undersdkningen
kommer max att ta en timme

(Undersokningen &r varken fysiskt eller psykiskt farlig,) Om ni kidnner er obekvéma eller vill av ndgon annan anledning vill
avbryta s dr det bara att séga till. Det kommer det inte att pdverka eventuella senare undersdkningar.

-Undersokningen kommer ske helt via skdrmen och ni kommer att kommunicera med mig genom mikrofonen. Med hjilp
av rostigenkénning kommer jag att kunna hora vad ni séger s forsok tala s naturligt som mojligt.

-Under undersdkningen kommer jag visa totalt 16 ansiktspar. Jag kommer hélla upp dem tva &t géngen i tre sekunder, sedan
kommer jag ligga ner dem, er uppgift blir dé att vélja det ni tyckte var mest attraktiv genom att sédga antingen hoger eller
vénster. Tala hogt och tydligt. Under vissa par kommer jag dven att att stélla nagra foljdfragor, men det &r inga svéra fragor sé
det skall nog gé bra.

Vill ni hora instruktionerna igen eller &r ni redo att starta undersdkningen?

Undersokning (Strofraser och foljdfragor att 1agga in under undersdkningen)
- Vad gjorde att ni valde detta ansikte framfor det andra?

- Vad var det som stack ut som gjorde att ni valde detta ansikte?

- Varfor valde ni detta?

- Fanns det ndgot som gjorde att ni valde detta ansikte framfor det andra?

- Var det ndgot speciellt som gjorde att ni foredrog detta ansikte?

- Nagot annat som gjorde att ni valde detta ansikte?
- Var det ndgon annan del som gjorde att ni foredrog detta ansikte?
- Okej, ndgot annat?

Okej, da tar vi nésta par.
- Tackar, Okej, d& kor vi nésta par,
- Nu har vi gjort hélften

- Sista paret nu, (sdga vilket parnummer vi dr pa?)
Slut
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Appendix II: Virtuell Setting

Denna del &r uppdelad i tva delar. Forst redovisar och motiverar vi hur vi byggt upp den virtuella miljon och den virtuella
karaktdren. Sedan kommer vi redovisa och motivera hur experimentet kommer utforas.

Vi har byggt upp den virtuella miljén efter fotografier av experimentrummet som anvindes i Haake och Gulz tidigare ex-
periment. Vi har anvént plattformen Unity for att replikera och bygga upp experimentrummet se figur 1 och figur 2 i appendix.
I den virtuella miljon har vi forsokt implementera sa mycket av experimentrummet som mojligt tex bord, stol, fonster, persien-
ner, element, bokhylla med tillhérande bocker och ett svart skrivbordsunderldgg. Véiggarna har vi byggt genom att manipulera
kuber som &r ett s k geometri objekt i Unity. Man kan applicera ett material med specifik textur och farg pa ett geometri objek-
tet. Texturerna till materialen har vi byggt i GNU Image Manipulation Program (Gimp) och exporterat till Unity. Genom att
modifiera och manipulera geometrin objekten har vi kunnat skapa det som finns i rummet till exempel bokhyllan, skrivbord-
sunderldgget och fonstret. Till fonstret har vi byggt en fonsterkarm, handtag och persienner genom att manipulera geometri
objekt i Unity. Bokhyllan, skrivbordsunderlagget och lite annan geometri har vi byggt upp i Autodesk 3Dstudio Max. Andra
objekt i den virtuella miljén som bdckerna, elementet, stolen, bordet har vi importerat frén gratis databasen Archive3D. Vi har
modifierat nagra av dessa importerade objekten tex elementet har vi lagt till ett metallrdr och flyttat pa ventilen, som vi byggt i
Autodesk 3Dstudio Max. I Unity har vi lagt till en himmel och byggt skog utanfor fonstret av det virtuella forsoksrummet. Vi
har forsokt replikera rummet i s& stor grad som mdjligt for att forsoka skapa samma kénsla i miljon for forsokspersonerna i den
virtuella miljon som den miljon som anvéndes i tidigare experiment. Att rummet i den virtuella miljo liknar det verkliga rum-
met &r véldigt viktigt for att skapa en s& hog immersiv miljo som mdjligt. Det var viktigt att vi med omsorg valde texturer och
geometri objekt som har bra uppldsning och liknar riktiga objekt.

Eftersom det behdvs en virtuell forsoksledare i den virtuella miljon har vi valt att replikera forsoksledaren Betty Tarning
fran det tidigare studien. I AutoDesk CharaterGenerator skapade vi ett ansikte och en kropp till den virtuella karaktiren. Detta
gjorde vi genom att sla ihop olika ansiktsdrag/kroppsdelar frén fardiggenererade ansikten/kroppar for att modellera fram ett
ansikte och kropp som liknar Betty. For att animera Betty anvénder vi Bezier kurvor, dessa bestar av fyra 3D orienterade punk-
ter. Det betyder att vi skapar en start och slut punkt dér vi vill att kroppsdelen ska g& igenom och tvé punkter vilka kroppsdelen
nddvandigtvis inte behdver gé igenom. Utifran de fyra punkterna s& skapas en kurva som beskriver kroppsdelens rorelse,
genom att manipulera de tvd punkterna “mellanliggande” punkterna kan vi dndra kurvans form och darmed roérelsen. I Unity
har vi programmerat i programeringsspraket C#. For att knyta ihop Bezier kurvorna till de olika rorelser tex att visa ansikts-
paren, ldmna fram ett kort och ta tillbacka hianderna behdvde vi anvinda Inverse Kinematics. Med Inverse Kinematics kan vi
lasa en led i den virtuella agenten och pa sa vis rdkna ut var tex armbégen skall var i forhallande till den lasta leden. Detta be-
hover vi implementera for att kroppsdelarna hos den virtuella agenten skall hamna pa rétt stille vid rétt tidpunkt. Vi har fatt
MotionCapture (MoCap) filmer fran Magnus som var inspelade med rorelser fran det tidigare experimentet. Vi har valt ut de-
lar, med lite flimmer, av det inspelade MoCap materialet i programmet Autodesk Motion Builder. I Motion Builder kopplade vi
sedan 3D punkt molnet till ett skelett for att kunna exportera en animation till Unity. Animationer vi importeradet till Unity har
vi anvént for att 14gga ovan pa de programmerade animationerna. Detta for att rorelserna skall se mer naturliga ut. Vi har med
en ansiktskamera Asus Xtion pro live spelat in ansiktsrorelserna i programmet Faceshift. I Faceshift har vi forst trédnat upp en
modell och sedan spelat in ansiktsrorelserna och ljudet. Vi anvinde en skadespelerska for att ldsa upp ett manus (se Manus i
appendix). Dessa ansiktsrorelser kommer vi exportera till Unity och ldgga pa den virtuella agenten sa att nidr programmet
spelas upp kommer den virtuella agentens ansikte folja de inspelade ansiktsrorelserna. Eftersom ljudet spelades in samtidigt
som ansiktsrorelserna med en mikrofon “Zoom H4”. Vi har anvéint AudioCity for att ta bort brus och for att editera klippen till
ritt langd. Langden pa klippen behdvde vi editera for att de skulle synkronisera sig till ansiktsrorelserna.
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Appendix III: Immersive tendencies questionnaire

Immersive Tendencies Questionnaire: (http:/nuweb9.neu.edu/gurmethods/?page id=61)

1. Hur létt har du for att kdnna dig djupt involverad i filmer eller TV-serier?

| \ | \ | \ | \
INTE ALLS NAGOT VALDIGT ENKELT

2. Har du nagon géng blivit sa involverad i ett TV-program eller bok sa att folk omkring dig har haft svart att f4 din uppmérksamhet?

| \ | \ | \ | |
ALDRIG IBLAND OFTA

3. Hur uppmaérksam kénner du dig just nu?

| \ | \ | \ | \
INTE ALLS NAGOT MYCKET

4. Har du ndgon géng blivit sdpass involverad i en film sé att du har missat saker som skett i din omgivning?

| \ | \ | \ | \
ALDRIG IBLAND OFTA

5. Hur ofta hénder det att du kinner att du kan identifiera dig med karaktérerna i en beréttelse?

| \ | \ | \ | \
ALDRIG IBLAND OFTA

6. Har du nagon gang blivit sé involverad i ett dator- eller TV-spel att det kidnns som om du vore i spelet istéllet for att gd omkring med
en handkontroll och titta pé en skdrm?

| \ | \ | | \
ALDRIG IBLAND OFTA

7. Hur kry/vaken kinner du dig idag?

| \ | \ | |
INTE ALLS NAGORLUNDA BRA

8. Hur bra &r du pa att ignorera distraktioner fran omgivningen néar du dr engagerad i nagot?

| \ | \ | \ | \
INTE ALLS NAGORLUNDA BRA

9. Om du ser pa sport, hinder det da att du blir sdpass engagerad i matchen att du reagerar som om du var en av spelarna?

| \ | \ | \ | |
ALDRIG IBLAND OFTA

10. Har du nagonsin blivit sé inne i en dagdrom att du missar saker som sker i din omgivning?
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| \ \ | | \
ALDRIG IBLAND OFTA

11. Har du nagon géng haft drommar som kénts si verkliga att du kénner dig desorienterad nér du vaknar?

| \ | \ | \ | \
ALDRIG IBLAND OFTA

12. Tappar du négonsin bort tiden nir du engagerar dig i ndgon form av sportaktivitet?

| \ | \ | \ | \
INTE ALLS NAGOT HELT

13. Hur bra dr du pa att koncentrera dig pa saker/aktiviteter som tilltalar dig?

| \ | \ | \ | \
INTE ALLS NAGORLUNDA BRA

14. Hur ofta spelar du dator- eller TV-spel?

| \ | \ | | \
ALDRIG IBLAND OFTA

15. Har du nagonsin blivit uppjagad av en biljakt eller dylikt pé film eller i TV-serier?

| \ | \ | \ | \
ALDRIG IBLAND OFTA

16. Har du nagon gang blivit rddd for ndgot som hénder i en film eller i en TV-serie?

| \ | \ | \ | \
ALDRIG IBLAND OFTA

17. Har du nagonsin forblivit radd eller orolig en lang stund efter att du sett en léskig film?

| \ | \ | \ | \
ALDRIG IBLAND OFTA

18. Blir du sa inne i att gora nagot att du tappar kénslan for tid?

| \ | \ | \ | \
ALDRIG IBLAND OFTA

19. Hur manga timmar om dagen, i genomsnitt, spenderar du framf6r datorn?

| \ | \ | \ | \
0-1 4 7-8+
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Appendix IV: Igroup Presence questionnaire och social presence

Igroup Presence Questionnaire: (http://www.igroup.org/pq/ipq/index.php)

Social Presence: Garau, M., Slater, M., Pertaub, D. P., & Razzaque, S. (2005). The responses of people to virtual humans in an immersive
virtual environment. Presence: Teleoperators and Virtual Environments, 14(1), 104-116.

* Iden datorgenererade vérlden upplevde jag en kénsla av att “vara dér”.

Inte alls Vildigt mycket

* Panagot sitt kinde jag mig omsluten av den virtuella vérlden.

Instimmer inte Instimmer helt
alls

*  Det kindes som att jag bara betraktade bilder.

Instimmer inte Instammer helt
alls

* Jag kinde mig inte ndrvarande i den virtuella miljon.

Jag kéinde mig Jag kéinde mig
inte ndrvarande nérvarande

¢ Jaghade en kénsla av att jag gjorde saker inne i den virtuella virlden snarare 4n att jag kontrollerade négot utifran.

Instimmer inte Instimmer helt
alls

* Jagkdnde mig nérvarande i den virtuella vérlden.

Instimmer inte Instammer helt
alls
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e Hur medveten var du om omvérlden medan du befann dig i den virtuella vérlden? (t ex ljud, rumstemperaturen, andra personer

etc.)
Extremt med- Totalt omed-
veten veten

e Jag var inte medveten om min omgivning.

Instdmmer inte Instdimmer helt
alls

e Jag var fortfarande medveten om den fysiska omgivningen.

Instdimmer inte Instdimmer helt
alls

e Jag var fullstandigt uppslukad av den virtuella vérlden.

Instdimmer inte Instimmer helt
alls

e Hur verklig upplevde du att den virtuella vérlden var?

Fullstandigt Inte verklig alls
verklig

*  Hur stor dverensstimmelse upplevde du att det fanns mellan den virtuella vérlden och den verkliga vérlden?

Ingen 6v- Stor &v-
erensstimmelse erensstimmelse
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e Hur verklig upplevde du att den virtuella virlden var?

Lika verklig Oskiljbar fran
som en fanta- den verkliga vérlden
sivarld

*  Den virtuella virlden framstod som mer realistisk &n den verkliga vérlden.

Instdmmer inte Instimmer helt
alls

¢ Kindes det som om du var ensam i rummet eller i ett rum med en annan ménniska?

Helt ensam Med en annan
person

¢ Hur ofta talade du till férsoksledaren som om hon vore en méanniska?

Aldrig Hela tiden

* Ivilken grad kéndes det som om du och forsoksledaren var i samma rum?

Aldrig Hela tiden

*  Under hela experimentet, hur ofta kéindes det som om forsoksdeltagaren forstod dig?

Aldrig Hela tiden

e Under hela experimentet, hur ofta kéindes det som om du pratade med en annan ménniska istéllet for en datorgenererad karak-
téar?

Aldrig Hela tiden
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By focusing on feedback and the embodied natural mathe-
matical competences of human beings it is possible to pro-
vide more efficient educational software that is grounded in
cognitive scientific theory. Using conceptual metaphors such
as ‘object collection’, ‘points on a line’ and ‘containers’ of-
fers a conceptual base that is in line with these natural com-
petences. The following five principles are proposed to pro-
vide a scientifically grounded base for educational software
design that can optimize the learning experience for stu-
dents: problem solving; object representation; world feed-
back; interactive workspace, and; gradual transferal. Lo-fi,
Mid-fi and Hi-fi prototypes were developed during the
project and compared to an educational software on the
market, with a focus on these principles. Three exploratory
pilot studies highlighting central aspects of the Hi-fi proto-
type were conducted. A transferal test was conducted to in-
vestigate our hypothesis; that our prototype would invoke
successful strategy transferal to a high degree, with a high
level of implicit understanding of the solution. The results
from the transferal test were elucidating even if inconclusive
with respect to our hypothesis.

1 Introduction

With the increasing availability of technology in today’s
classroom, in terms of computers, tablets and smartphones,
contemporary mathematics education ought to incorporate
these assets to facilitate learning in the most efficient way
possible with the help of educational software (Ginsburg,
Jamalian & Creighan, 2013). Compared to conventional mo-
des of teaching, such as “the teacher speaking in classroom’-
methods, educational software has the benefit of being pos-
sible to be personalized to match individual students' levels
and development. It is also cheaper and less dependent on the
quality of the teacher. Furthermore, technology can have
added interactivity, and offer wider availability for feedback
and multi-modal learning.

This paper will investigate educational software design,
with a special focus on feedback, since it is through feedback
that students see the results of their actions or inputs. Ho-
wever, a number of the educational software for elementary
school mathematics on the market seem to only translate
traditional math-books into digital form. Recent investiga-
tions of the educational softwares available in commercial
application stores have shown that many are insufficient in
their content and design (see, e.g., Ginsburg, Jamalian &
Creighan, 2013). While simply translating books to digital
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format is indeed one way to go, the benefits of digital lear-
ning might be severely undermined by limiting educational
software’s to such formats.

From the stance of embodied cognition, we will investi-
gate what good educational software should incorporate to go
beyond the digital-book learning experience, and how this is
most fruitfully presented to the student as feedback. We will
then analyze the educational software “Qnoddarnas Virld”, a
typical teaching app for children age 7 to 9, and propose po-
tential areas in which it can be improved. These changes are
discussed in relation to a number of Lo-fi and Mid-fi proto-
types and their implementation in a Hi-fi prototype. Lastly
our created prototype is tested in an informal exploratory
pilot study, to judge if the theoretical implementations are
indeed successful, as well as to indicate strengths and weak-
nesses in our design.

2 Theoretical Discussion

2.1 What is Good Educational Software?

In defining what successful educational software should in-
corporate it is necessary to analyze two factors that define the
value of educational software; the limitation of non-digital
mathematical learning, and the potential of digital learning.
In other words, if there is something that educational softwa-
re can do that would be beneficial for the learning process
but is not possible in textbook form, those are the things that
should be implemented.

While there are several things a tablet or computer can do
that a book cannot, we will limit our focus on three elements.
First comes the ability of educational software to react to a
student’s action, thus allowing interactivity and a means to
give feedback. While this can be provided to a student by a
teacher, an educational software can follow each step in a
learning process for each student during the same period of
time, something that is impossible for a teacher. Second
comes the possibility to show visual aids continuously and if
needed in animated form. Lastly there is the possibility to
provide a simulated world to the user through the calculatory
capability of the hardware. These three elements, each based
on the continuous feedback relationship between software
and student, are not necessarily clearly distinct from one
another. For example, touching an object on a screen and
then moving it, uses all of the elements at once. They will
however suffice as a general example of what educational
software can do.



The question of what conventional textbooks are lacking is
another issue that does not have an absolute answer. To pro-
perly answer that question a comprehensive theory of the
most ideal mathematical education in needed. The difficulty
of that is that an educational setting is rarely uniform. Even
when defining how classroom mathematics should be taught
there are unpredictable factors such as student motivation,
specific learning goals and strategies, interactions between
the student and the learning environment comprised of,
among other things, teachers and other students (Hierbert &
Grouws, 2007). Since all of these factors intertwine, experi-
mental results and previous successful approaches may be
hard to replicate. It is then necessary that a comprehensive
model of what constitutes good mathematical education
needs to take it all into consideration and also explain a valid
approach to each and every setting. Such an all-encompas-
sing explanation of mathematical education is not plausible
to obtain at this point. We will instead be forced to approach
the issue of what mathematical educational software should
do by assuming certain general theoretical standpoints.

2.2 The Embodied Mathematical Approach

As the theoretical framework for defining a good educational
software learning material we chose to focus on the concept
of embodied mathematics, as expressed by Lakoff and Nuiiez
(2000). The key point of the embodied mathematical appro-
ach is that human mathematical abilities are grounded in our
real perception of real life objects and aspects, not in an ab-
stract plane.

Humans, as well as various other animals, are born with
innate mathematical competences, such as basic numerical
capabilities (Lakoff & Nuiiez, 2000). This is also discussed
by, for example, Plotkin (1993) who argues that humans, as
well as most other animals, have constrained and directed
abilities to learn and develop their intelligence, and hence are
not born tabula rasa (Plotkin, 1993: 131-2). Babies can, for
example, at a very early age discriminate between small
amounts up to about four. To a large extent these capabilities
are unconscious. From these innate simpler capacities we
build more abstract mathematical concepts using conceptual
schemas and metaphors. With this in mind, arithmetic can be
described, and understood, using the metaphor ‘object collec-
tion’ (Lakoff & Nuifiez, 2000: 54-60). The neural connections
that are built up by the basic number capabilities and experi-
ences of objects being added and subtracted constitute con-
ceptual metaphors. To be able to grasp arithmetic, a student
needs both the innate capabilities and conceptual metaphors
(Lakoff & Nuiez, 2000: 55). This means that educational
software should take these capabilities and metaphors into
account when constructing exercises to make a good educa-
tional tool and the feedback it provides.

Object collection is a good metaphor for arithmetic exer-
cises and Lakoff and Nufiez argue that the different fields and
ideas in mathematics all can be described in similar embodi-
ed ways.

Assuming that real world objects are indeed the simplest
and most natural form of mathematics, what an educational
software should utilize is the intuitive sense that concrete
representations gives.

There have been well-documented cases of transferability
problems in people who can solve everyday mathematical
problems, but who are not able to do the same task presented
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as an abstract mathematical exercise (Lave, 1988). While the
more extreme claims of situated cognition and the impossibi-
lity of task-transferability are overstatements (Anderson,
Reder & Simon, 1996), there is nonetheless a value in obser-
ving the relationship between concrete task solving and ab-
stract understanding. If we assume that concrete problems
are more natural than abstract ones as well as useful as a ba-
sis to obtain abstract mathematical understanding from, then
this should be used when learning mathematics. Many text-
books do use concrete object representation to illustrate mat-
hematical problems in the form of pictures and example.
With educational software there is the added possibility of
making these objects interactive and possible to manipulate
and thereby make them a stronger learning support.

A key difference between mathematics education and
other fields such as social science is that students to a lesser
extent can relate what they're learning to actual world interest
(Stodolki, Salk & Glaessner, 1991). If mathematics, like any
other science, has its base in experience and perception, the
primary focus on the abstract can explain the widespread
dislike and feeling of alienation many students feel when
confronted with very abstract mathematics (Ashcraft, 2002).
By using an embodied cognitive framework in mathematical
education there is a possibility to help make more sense of
mathematics to those who didn’t feel confident with it pre-
viously.

What we then need to do is identify how the above-men-
tioned theoretical framework could translate into effective
educational software. If mathematics requires either a real or
mental world to be meaningful, educational software could
provide a digital world for the student.

2.3 Five Principles Concerning Embodied Mathematics and
Feedback

The basis of all five principles to be presented is that we
learn concepts through seeing them in the world. At the very
ground of our approach to the education of mathematics is
the continuous interaction between the user and the world,
where the student acts upon and gets feedback in response. In
this sense, many of our principles will be about feedback.
The first principle will explain how a world can be created in
which the student feels there is a possibility and reason to
interact with. The second principle will explain why repre-
sentations in the world are useful in showcasing relationships
and rules. The third principle will explain how the reaction of
the world to the answer the user inputs can help lead to a
better solution. The fourth principle will explain the possibi-
lities of additional interactive tools in the world facilitating
cognitive tasks. And the fifth principle will explain our ap-
proach in how we can take solution strategies garnered from
our digital world and transfer it to abstract mathematical pro-
blems.

2.3.1 Principle of Problem Solving

Solving a Problem Rather than Doing Math

In harnessing the intrinsic mathematical capability of the
student it is important to note the distinction between mat-
hematical problem solving and mathematical school exerci-
ses. While mathematical problem solving is nearly universal-
ly available for humans, math-avoidance and math-anxiety is



frequent in the adult population (Betz, 1978). Such fear se-
ems perplexing if we assume that mathematical cognition is
natural to us. A potential cause for the anxiety is thought to
lie in the nature of how we teach mathematics. Mathematical
education, in contrast to other subjects, rarely promotes expe-
rimentation, assumptions or trial and error. Instead a binary
scale of right or wrong judges the student. This means that
when a student commits an error there is no help to gain
about what did go wrong or how to fix it (Furner & Bermer,
2003). From the point of the embodied mathematical appro-
ach such a method of teaching is flawed. In real life problem
solving, it is unlikely that one is confronted by a judgment of
“wrong” when committing an error. Indeed the type of error
and the context, in which it occurs all give different respon-
ses, with some having a potential negative consequence for
the solver, while others might have no consequence at all,
provided the solver reacts and manages to rectify the error.
Real life use of mathematical abilities rarely follow an “an-
swer and be judged”-format, but rather a “try and solve”-
format.

The discussion above leads us to a new approach in de-
signing mathematical exercises. Instead of focusing on the
mathematical task as something that requires one answer that
is either right or wrong, it can be useful to provide mathema-
tical tasks that do not involve judgment. By returning to the
concept of simulated reality in educational software it is pos-
sible to design mathematical problems as a scenario that can
only be solved through mathematics. This type of task is so-
metimes called anchored instruction, and has been shown to
have potential benefits above regular instructions (Bottge,
Heinrichs, Mehta & Hung, 2002). Implementing such a task
in a digital world could have the benefit of potentially supp-
ressing the anxiety related to “test condition math”. Further-
more it can escape the paradigm that mathematics requires
testing from a teaching authority, when instead the success of
the solution is given so that the student him- or herself can
see it from the reaction, or feedback, of the world. The know-
ledge that all of this is done in a simulated and digital form
may further aid students who are cautious about mathematics
to want to experiment and feel less fear of making a mistake.

The Relation Between Task and Learning

‘Learning by doing’ is a concept that is applicable to mathe-
matical education. Studies have shown that students only
need to work out examples and problems without explicit
instructions to fully learn to solve and understand mathema-
tical solution strategies (Zhu & Simon, 1987). With that said
there are certain factors worth observing in how to design a
specific task for a certain goal. Above we noted that a mat-
hematical problem could be expressed as semi-realistic an-
chored scenarios of actual problem solving. It is important
that the method of solving that scenario does not diverge
from the actual mathematical strategy to be learned. Mathe-
matical problems are at a simpler level well-defined conver-
gent types of problems — meaning that all elements of the
problem are given and that there is one goal state to be achi-
eved (Jonassen, 1997). The general solution in solving a
convergent problem is through manipulating one or several
of the elements through certain rules that are allowed, and
through one or several steps leading it to the goal. Two mat-
hematical problems are equivalent to each other in terms of
problem solving strategy if all the factors that define them
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are identical, namely the goal, the elements, and the allowed
moves. Thus a valid transition of a mathematical textbook
problem into a digital scenario should assure that these three
factors are identical, or at least not significantly different.

When learning to solve a mathematical problem, the rele-
vant knowledge is to understand how to move elements so
that the problem approaches a goal state. The problem should
provide an opportunity for the student to test possible mani-
pulations and compare them to the desired result. The goal
state and elements of the problem solving can be explained
through different feedback, for example either visual or ver-
bal information, in educational software. Allowed movement
arguably needs less instructions in an educational software
compared to solving mathematics on paper, since restriction
in the program along with feedback can lead the student in
what moves can be done. Additional aid in how to solve the
problem step by step can be given through visually worked
out solutions. Through seeing how one might solve the exer-
cise the student can focus on understanding the solution stra-
tegy, and minimizing the cognitive load, that is not relevant
to the learning task at hand (Paas, Renkl & Sweller, 2003).

Promoting Intrinsic Motivation to Task

The benefit of educational software compared to conventio-
nal learning material is often presented in terms of educatio-
nal software being more entertaining than conventional
school education. There is often an assumption that digital
education material can harness the motivating and addictive
characteristics of video games. Indeed game-based learning
has been shown to be more effective than traditional forms of
learning (see, e.g., Tiziin et al., 2009; Kebritchi, Hirumi &
Bai, 2010). Furthermore, children are to a larger extent fami-
liarized with technological material (Divjak & Tomi¢, 2011:
16). However in implementing game-like “fun” elements it is
important not to focus on the surface properties. Many game-
like educational softwares suffer from an awkward discre-
pancy between the fun game-part and the boring learning-
part (Ginsburg, Jamalian & Creighan, 2013: 107). Such an
implementation will at best bribe the user into complying
with the learning for the benefit of enjoying the rewarding
game-part. This is an example of so called external reward
(Habgood & Ainsworth, 2011). Previous research has shown
that external reward might have a short-term benefit in moti-
vating the user to perform a specific task, however it may
also lower the actual motivation for users to continuously
perform (Deci, 1971). While recent studies are not entirely
consistent with these ideas, there is nonetheless evidence
indicating that an approach that does not utilize external re-
ward but rather encourages intrinsic reward — that is finding a
pleasure in the learning task itself — has an increased benefit
in aiding learning on short- to mid-span, with a better trans-
ferability of the ability gained through such a method also
observed (Habgood & Ainsworth, 2011).

To utilize intrinsic motivation in educational software,
what is necessary is to incorporate the game-like elements in
the tasks themselves, not in a side-dish manner that disrupts
the flow of learning. To do so can mean that the interactivity
and the strategy development for the tasks can be done in a
game-like setting where students are given a natural narrative
that relates to content of the task. Game-like element such as
interaction and a rewarding visual or auditive feedback effect



for solving the level can also be used, so to not seem out of
place in relation to the task performed.

Another important factor for motivating the student is in
how educational software challenges the user. While the idea
of challenges is naturally engaging in games, a learning chal-
lenge can have a negative connotation. This is because the
failure to complete the challenge in learning can have negati-
ve consequences and furthermore the challenges are often
presented in an arbitrary and one-after-the-other type of fa-
shion in mathematics education. Gee (2003), argues that
competent video-game developers have construed an effecti-
ve way to make the challenges entertaining rather than fru-
strating in their games. Gee notes that games usually have a
sort of structure, in that there is a tutorial-like initial stage
where one new type of knowledge is given, and the
following stage will be about mastering them, until a boss
eventually comes up where many of previously gained skills
need to be utilized. In presenting new knowledge in a mea-
ningful and gradual manner the challenges are never too hard
for the user. Arguably a similar layout of problems is already
present in conventional mathematics education. Yet one
missing aspect in early-level math is that early knowledge is
seldom tested. For example, one chapter usually consist of
one type of question, and when it is done the other starts,
where again only the new type of question is tested, the pre-
vious learning seeming to be forgotten. The user gets no sen-
se of progression in learning, since the efficacy from pre-
vious learning is virtually not relevant in the newer chapters.
To avoid this we suggest that newer more puzzling math
questions in the educational software should only be solved
through the skills gained several chapters previously. In do-
ing so the user can get a sense that they are getting gradually
more competent, and feel a pleasure in the challenges.

To summarize this principle the main point is that digital
educational software can distance itself from abstract math
learning. Instead of giving a task that is merely “Add these
numbers” it can give a scenario in which the user needs to be
able to add the same numbers to solve. By doing this the user
will not need to interpret the meaning of what he or she is
doing. Instead the focus will be shifted to how to solve the
problem.

2.3.2 Principle of Object Representation

Working Memory Load and Representation

Within the framework of embodied mathematical cognition it
is possible to incorporate the idea of working memory. Hu-
man cognition is limited in the capacity of processing (Bad-
deley, 1992). This implies that having to tend to simultane-
ous tasks can mutually hinder the performance of each. In
terms of learning it is also rarely the case that the student can
be immersed in exactly the content of information that he or
she wants to learn (Paas, Renkl & Sweller, 2003). Learning is
thought to be a process of solidifying mental processing in
working memory to a recallable long-term memory schemata
(Paas, Renkl & Sweller, 2003). Certain cognitive tasks invol-
ved in learning can be of little to no value in the process of
creating long-term memory schemata. A textbook can be
deemed demanding when the content structure is hard to un-
derstand and when it requires additional cognitive load by
the reader to make sense of text. Similarly an instruction that
requires extraneous working memory load by the user to
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simply understand it can hinder the acquisition of schemata
through straining the limited cognitive capacity (Paas, Renkl
& Sweller, 2003).

The theory of working memory load is applicable in a
more general sense when it comes to mathematical educa-
tion. Firstly, it will mean that it is necessary to allow users to
focus specifically on the learning, and not on the irrelevant
aspects of the learning material. An ill-designed educational
software requires of the user to follow arbitrary rules or
systems that provide little or nothing in terms of the building
block of mathematics. Instead it strains the cognitive capaci-
ty of the user, and perhaps even worse, gives the false im-
pression of that the arbitrary rules are important to be re-
membered. Furthermore, reducing the time spent on un-
derstanding the system will also create more time for the
actual learning experience. To reduce such unnecessary load
for the student it is important to design educational software
so that its rules are clear and intuitive, and that it is flexible
in what input it accepts. ‘Intuitive’, in this context, would
mean that the ‘laws’ or rules of the educational software are
understandable from that of real world laws and understan-
ding. In other words, the system image must make the user
understand the designer’s model (Norman, 1988: 16). Nor-
man argues that this is efficiently done by affordances and
constraints that are built into the relevant system (Norman,
1988: 9—11, 82-92). In the following sub-sections these and
other aspects of learning and educational software will be
discussed in more detail. An effective strategy is to clearly
indicate what aspects of the screen are relevant at any given
point, and what parts of it allow interaction. Such attention
bringing to relevant features can be done visually, verbally
and through the agent's internal understanding of the rules of
the educational software.

Secondly, the cognitive load of mathematics can be as-
sumed to be larger than the sum of understanding the rules
and learning the content. Indeed our original assumption of
embodied mathematics assumes that humans use mental re-
presentation in solving mathematical problems (Lakoff &
Nuifiez, 2000). Mental representations can be manipulated to
solve problems, but in doing so it may require additional
cognitive load. Keeping mental representation in the head is
a cognitively straining task, called representational holding
(Moreno & Mayer, 2007). In so called mental rotation tasks a
person is required to rotate the representation of an object
that he holds in his or her mind. Doing so intervenes with
simultaneous visual cognitive tasks, indicating that they both
utilize the same capacity (Hyun & Luck, 2007). Another fa-
mous example is the Tetris rotation task, in which most Tetris
players found it easier manipulate the digital Tetris block by
pressing a button, even though they were fully capable of
rotating the block in their mind and solving the problem wit-
hout additional physical activity (Kirsh & Maglio, 1994). By
off-loading representation to the real world we can easily
through our senses obtain the relevant aspects of the repre-
sentation, without it needing to be constantly imagined in the
head (Zhang & Norman, 1994).

Object representation is then something that takes effort,
but can be optimized through creating the representation in
the world itself. Much like the rotation and manipulation of a
digital object can be easier to grasp than the mental rotation
and manipulation of the same object, mathematical manipu-
lation of representation could be improved by having them



externalized and offloaded into the software. The concept
itself might not be new, considering that traditional mathe-
matical education utilizes pen and paper to externalize cer-
tain aspects of problem solving. Still, the interactivity and
continuous change of visual feedback available in educatio-
nal software’s allow for easier and more meaningful repre-
sentations to be externalized than in paper form.

Natural Metaphors and Choice of Representation Type

The importance of developing models that most efficiently
represents the abstract ideas of mathematics is discussed by
for example Ginsburg, Jamalian and Creighan (2013: 91).
What can be expressed through object representations are
mathematical entities — at the most basic level, numbers. Any
natural number can be expressed through general measures
such as length, weight, volume, position or amount. Furt-
hermore different mathematical terms can be expressed in a
consistent system using several measures. For example, an
interval can be expressed as the length of a line, while a
number can be expressed as a point on that line (Lakoff &
Nuiiez, 2000). Some combinations can be incoherent and
unnatural. For example, representing a number through
length in one instance and through weight in the other will
render the aspect of comparison meaningless. Some choices
of representation can suffice, but might nonetheless be less
than optimal, in illustrating a mathematical entity and a pro-
blem. The representation of an amount of objects for examp-
le is intuitive and graspable when the number is small, and
the task is to add several stacks of them together. However,
when the number gets large, such as in the hundreds, it is less
apparent to see how the representation can facilitate the addi-
tion. Each representation thus has different characteristics,
which is understandably so considering that mathematics is
used to solve a wide range of world problems, where in each
case the number might mean something different. The choice
of representation should be decided on the base of the nature
of the task and the types of mathematical entities involved.

While the trait of objects can be used as representation of
mathematical entities it is also relevant to consider the type
of object to choose. Different types of objects can have diffe-
rent implication and meaning depending on cultural cues. For
example, it is hard to accurately represent the number 2301
in number of beads, but it can easily be done when instead it
is imagined in amount of bills of money. Choosing money as
a way to represent something utilizes the student's worldly
knowledge of how a 100 bill is ten times as valuable as a 10
bill. Thus the need for the student to learn a new complex
system disappears.

In all cases it is important that the total problem space
utilizes a consistent model of representation, so that the result
of the mathematical task can be interpreted through the result
of the representational aid and vice versa. An effective model
can aid the student in understanding relationship between
mathematical entities (Ginsburg et al., 2013), and thus apply
the concrete knowledge of what is going in the digital world,
to understand mathematical rules.

To summarize this principle, there are several benefits of
making mathematical concepts visible digitally in the softwa-
re. Coupled with the principle of problem solving this leads
to a coherent world in the software, which the user can
attempt to solve the task. If the user gets faced with a pro-
blem “You need to solve scenario A with objects B”, then he
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can form real hypothesis about it from real world knowledge.
This approach thus distances itself from learning through
memorization but approaches a more natural learning
through world. How this element of learning can effectively
be added is discussed in the next principle.

2.3.3 Principle of World Feedback

Types and Levels of Feedback

A fundamental point in the ”learning by solving”-approach is
that you can gradually come closer to a solution through the
mistakes you make. For if you did not make mistakes from
the beginning, it would mean you did not need the additional
learning, and if you did commit errors without learning from
it, the process would be more about guessing and hoping
rather than learning. It is thus important to construct a creati-
ve environment for efficient learning where feedback plays a
natural role (Kinzer, Bradley & Morandi, 2013).

There are numerous ways to categorize feedback proces-
ses. Positive feedback can be understood as an indication that
the student has answered correctly, while negative feedback
is an indication of an error. Furthermore, feedback can be
either motivational, evaluative or descriptive (Kinzer, Brad-
ley & Morandi, 2013). Different categories might be vari-
ously effective due to contextual aspects (Hattie & Timper-
ley, 2007). In many cases corrective feedback — right or
wrong feedback — that gives the student the “result” of her
chosen action or answer, seem to be a natural “first choice”
in educational software’s, most likely since it is relatively
easily implemented. This can be done in multiple ways.
Sounds, colors and symbols — as well as other implementa-
tions — can be used to indicate the corrective result. These
more typical feedback signals use the culturally learned
background knowledge that the students are thought to have
in common. Classical examples of this kind could be sounds
of different pitch with a positive or negative connotation, or
green check symbols for right and red cross symbols for
wrong. Corrective feedback however only provides surface
level information of the error. A negative corrective feedback
can make the student check for any conceivable errors, or if
such are not found it can make him or her reconsider his or
her solution strategy (Hattie & Timperley, 2007). Being told
you did wrong only helps if the student is in the position to
be able to by him or herself to go back and find the error. If
however the level of understanding is not sufficient, simply
being confronted with “wrong” as feedback is of little help.
Clearly effective feedback should go beyond the surface le-
vel, and give cues to help understanding of the error and the
level of progress, so that the student can form a solution stra-
tegy from the information given through the feedback.

Formative Feedback

A more improvement oriented feedback is what is called
formative feedback. Unlike corrective or summative feed-
back which has its main intention to evaluate and indicate the
correctness of an answer, formative feedback instead focuses
on helping the user understand his answer and action, and
thus to set the user on the right trail towards a better solution
(Shute, 2008). Formative feedback is in its definition a more
information bearing type of feedback than that of merely
summative feedback.



We argue that an effective way of providing formative
feedback is through implication — consequence — feedback.
Above mere indication of the correctness of an answer, im-
plication feedback presents the consequences, e.g. the physi-
cal implications, of what that answer would mean. With this
type of feedback the outcome of the chosen action leads to
concrete results that are shown to the student. This causal
indication of an error or correct answer is closer to problem
solving scenarios encountered in real life. We face a problem,
attempt a solution, and see how the world reacts to the solu-
tion. The added benefit of implication feedback is that it can
illustrate the specific type of error and the magnitude of such
an error. If a student gets the task to measure the volume of a
glass, so that he or she can fill it with the right amount of
water, it is easy to illustrate the correctness of an answer
through implication feedback. If the amount chosen is too
high, there will be too much water and the glass will be over-
flowing. If the amount is too small, the glass will only partly
be filled. In each case, the student is informed with the type
of error (too high or too low value), but also with the size of
the error. Even though this way of feedback does not expli-
citly tell which part of the solution strategy that caused the
error, it nonetheless provides a tool for systematically inve-
stigating it. The student can change the parameters, experi-
menting with the program and see how each strategy, or in-
put, affect the error. In essence implication feedback grants a
way for the student to experiment, much like in real life.
When finally the correct solution is realized the student will
hopefully not only have knowledge of how an answer is
correct, but also why all other answers are incorrect.

On Demand Help

However, to expect all students to be able to experiment their
way into a general solution to a mathematical problem is
perhaps asking too much. A metacognitive strategy of how to
generally find a solution might not be present a priori in each
student. However the assumption of embodied mathematics
implies that even though such a strategy is not being formed
and used by all or even most students, the ability to form and
use it is near universal. Clearly what is desired then is know-
ledge about how to support students into forming these stra-
tegies. In real life problem solving there is an additional
aspect of finding a solution, namely the possibility to ask for
help. While help usually is provided by the teacher, an educa-
tional software too may provide a help-function to lead the
student to the correct answer in case a strategy cannot be
found by the student herself. These types of on-demand help
can aid learning, but are not always used effectively by stu-
dents that could benefit from them (Aleven, Stohl, Schworm,
Fischer & Wallace, 2003). To make the help-function useful,
our approach is to make the way help is given mimic that of
real life help seeking from tutors. Help will only be given
when the user feels the need for it, since excessive help can
deter from the focus on the task (Hierbert et al., 1996). In our
approach the student needs to be able to pinpoint the type of
information that he or she is in need of through reflection of
his or her own understanding of the problem structure. The
different types of help to each task can be expressed in a list,
each having natural language question as a base, e.g., “How
do I go further from this point?” If such a system is success-
ful the student will hopefully gain a meta-strategy to seek

46

effective help through relevant questions, relating to his or
her own level of progression.

In short the principle of world feedback gives a tool for
the user in the digital software problem space to approach an
answer through her own actions. The world reacts to one
answer and provides signals to allow the user to infer what
went wrong and how. The information in this signal, needs to
be qualitatively sufficient for the user to be able to use it as a
tool in the next attempt at solving the problem. To achieve
this it is necessary to imagine the scenario of task the user is
attempting to solve, and to use his or the program’s represen-
tation of the problem solving strategy to indicate what was
different from the goal state.

2.3.4 Principle of Interactive Workspace

Epistemic Action

When presenting the principle of object representation we
briefly mentioned how Tetris players manipulate the digital
world, to off-load the cognitive load posed on internal pro-
cessing (Kirsh & Maglio, 1994). Having representation in the
world decreases cognitive demand, but it also allows for a
specific type of action, called epistemic action. In traditional
cognitivist view actors have certain goals and intentions, and
through internal cognition they define how to achieve this,
upon which the solution is acted onto the world. Epistemic
action is different from this pragmatic sort of action, in the
sense that it does not have the aim to change the state of the
world through an action, but rather to change the cognitive
state of the agent her- or himself through the action (Kirsh &
Maglio, 1994). Epistemic action can use objects in the world
to simplify the computational task that the user is in and re-
duce the risk for error.

In real life, we often employ strategies to simplify the
computational demand through making the relevant sensory
aspect tangible. If asked to compare the length of two ob-
jects, we can usually judge the rough relationship just by
looking. But when the difference is small, and there is reason
to be careful, we can pick the two objects and place them
next to each other, thus making the difference visible at a
single glance. This is a case of epistemic action, in which we
place objects in the world to make the answer to a question
visible in the world itself. Off-loading the cognitive demand
and task into the world itself is therefore a natural solution
strategy we employ, and in constructing educational software
that replicates real life problem solving scenarios this is so-
mething that should be taken into consideration.

Understanding by Using

The concept of learning by interacting with the world has
been applied to mathematics through what is called concrete
manipulatives, where users can manipulate something
concrete to gain an understanding of the abstract ideas be-
hind. This method has, in a number of studies, for example
presented in a meta-analysis by Carbonneau, Marley and
Selig (2013), provided an effect on learning, albeit small- to
medium-sized. The concept has been successfully implemen-
ted into educational software’s, in so-called virtual manipula-
tives. Students who learned fraction through virtual manipu-
latives gained understanding through experimenting and
comparing the representation with the fraction, and exhibited



less tendency of common fraction addition error (Suh & Heo,
2005). Concrete or virtual manipulatives differ from static
representations in the regard that there is an element of inte-
ractivity and possibility of experimentation (Moyer, Bolyard
& Spikell, 2002). When implementing this to an educational
software it is therefore necessary to reflect upon the nature of
the concept that gets represented.

Digital Aid as Manipulative and Epistemic Action

Epistemic action uses real world relationships and sensory
information to facilitate and reduce error in complex cogniti-
ve tasks. Virtual manipulatives allow students to interact with
a parameter or tool to understand the underlying relationship.
We argue that the benefits of both can be implemented into
an educational software through creating a digital interactive
workspace which abide certain mathematical rules. The idea
is to create virtual manipulatives within a problem that can
be used as a mean to transform the workspace so it offloads
certain cognitive demands to the world. A very basic imple-
mentation of this would be to take examples of epistemic
action that is the norm in traditional mathematical education
and make them automatized in the digital world. An example
would be the restructuring of the numbers used in paper
arithmetics. Most children learn in school that the addition
“325+452” can be solved on paper through columnar addi-
tion, where the two addends get aligned so that one of them
is placed on top of the other. Then the complex task of ad-
ding two three-digit addends becomes reduced to step-by-
step adding each column to each other. The strategy involves
taking one problem and separating it into several sub-pro-
blems, which is then facilitated through the layout of the
numbers on the paper. The latter part of this strategy can be
said to be a very common type of epistemic action, since the
solution strategy “take the first digit of each addend and
count the sum of it, then take the second digit of each and
count the sum of it...” is essentially doable without actually
columnaly aligning the two addends. The replacement is
done just to facilitate the actual cognitive task and reduce the
risk of error. But to be able to do this restructuring the stu-
dent needs to be in position to understand that the addition
“325+452” written in one line is equivalent to the same two
addends written columnaly on top of each other. The equiva-
lence of an addition, can be expressed within the software as
a manipulative to be used. Indeed through implementing a
manipulative as a help tool within a problem, a simple equi-
valence relationship, which is hardly of very interest were it
to be implemented independently, gains substantial use. Let-
ting the software interactively restructure the problem ele-
ments is then a way of making students epistemically act
according to a rule within the world expressed as a manipula-
tive.

This notion can be taken further, so that some instances of
manipulatives can be available in certain problems, and that
others can be thought of as a more universal tool kits. Arith-
metic abilities such as addition and subtraction are integral
parts of solving many mathematical problems but nonethe-
less distinct from the ability to form and understand solution
strategies. There might be a benefit in off-loading this task to
the world, so the student can focus on learning and un-
derstanding the solution strategy at hand. A meta-analysis of
studies analyzing the effect of calculators in precollege math
education show substantial benefits in conceptual and opera-
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tional mathematical skill as a result of testing and learning
with calculators (Ellington, 2003). Although effects are less
certain when it comes to specifically elementary school level
mathematics, this may also be due to the fact that studies
regarding the effect of calculator integral education at an
early level is scarce, and that learning to effectively use cal-
culators at an early age might be a difficult task in itself.
With today’s technology however, the control of simple
arithmetic can be done intuitively and without much prior
knowledge. An example would be to integrate “addition by
touch” in which case all the student needs to do is to drag
two number on a tablet screen together with his fingers so
that it forms a sum. Dragging two numbers together to form
a sum can then be thought to be a specific epistemic action in
a particular virtual world to manipulate the problem space.

To conclude, the principle of interactive workspace is ai-
med at providing the user a space in which she can perform
actions to epistemically test herself to a solution strategy.
Unlike the principle of feedback an interactive workspace
does not need to be limited as reaction to an answer of the
user, but instead can be the world reacting to a purely epis-
temic action. Again when designing appropriate manipulati-
ves it is necessary to take into account the scenario, type of
representation of the task. The relevant relationships illustra-
ted by manipulatives should be highlighted in the scenario
and naturally graspable through the type of representation in
the problem space.

2.3.5 Principle of Gradual Transferal

Understanding the Similarities of Solutions

All previous principles have stemmed from the idea of em-
bodied mathematics implying that early level mathematical
education can benefit from a reliance on knowledge regar-
ding human cognitive capacities. Mathematical problem sol-
ving should hence be grounded in, and take into account, real
world perception and representation. Yet one must keep in
mind that the final goal of grade school mathematics is that
the student gets a conceptual understanding not only limited
to certain concrete scenarios. By distancing the education
material from this ultimate goal there is a risk that the know-
ledge accrued will itself be of a different kind than that offe-
red through traditional mathematics education, and then the
embodied mathematical approach can no longer be deemed a
potential improvement or substitute to the former, but rather
a completely different field. Indeed we have previously noted
the difficulty when it comes to mathematics being context
dependent (Lave, 1988). And even when contexts, in which
specific tasks are given, can be similar it is still not the case
that transferal of learned solution strategies can be applied to
problems expressed superficially differently (Catrambone &
Holyoak, 1989). Our design assumptions are, however, two-
fold. Firstly each solution strategy learnt is assumed to be
identical in terms of deep-lying strategy to those found in
math textbooks, and secondly a transfer of knowledge going
beyond superficial difference will be possible as long as cer-
tain care is taken into the manner in which tasks are presen-
ted and explanations are given (Anderson, Reder & Simon,
1996; Catrambone & Holyoak, 1989).



Removing the Scaffolding, Proximal Learning Zone

We previously noted that the transferal of mathematical abili-
ty between contexts is not impossible. Focusing first on the
concrete and then showing its relationship to the abstract
problem has proven to be an effective strategy for those with
mathematical learning disabilities when it comes to learning
algebra (Witzel, Mercer & Miller, 2003). The aim is to apply
the same system in our educational software. To do so we
will apply Vygotsky’s theory of proximal learning zones
(Chaiklin, 2003). The concept of proximal learning zone
states that students can perform and solve problems together
with supervising assistance that is greater than he can solve
by himself and further that this supervised understanding will
be able to be understood without additional help in the futu-
re. While the original idea assumed the existence of a human
advisor, we try to implement this notion as the aid given by
the educational software. While human advisors can guide
attention and provide situation specific instruction, current
technology may lack in a capactity to do so. In our current
situation however we assume that the student has already
been able to solve the problem through software aid, and
what is relevant is the transferal of this to more abstract
tasks. With human supervisors the transferal can be assumed
to be done rather easily, that is, through pointing out that the
problem that was solved before is identical to the new pro-
blem, and you only need to replace each element with anot-
her and use the same strategy. We believe this can be imple-
mented in educational software through forcing the user to
take notice of the relationship between the past aided pro-
blem and the new unaided textbook problem.

What is necessary for educational software to show that
two problems who are superficially different are indeed iden-
tical is that the element needed to be interchanged from the
first problem to the second is not too distant. We will do this
by gradually removing the concrete aspects of the problem,
such as representation aid, interactive aid, real world scena-
rio, and so on. Through removing each of these aspects at a
time the student will hopefully not notice that the task itself
has changed, but rather have only gotten slightly harder. An
additional benefit of gradually removing the digital aid is that
the program can pinpoint the exact moment in which the
problem arises for the student in transferring the solution. If
for example a student can solve a multiplication task through
using representations in the programs, but fail to solve the
identical problem without the representation it is obvious
either the student has failed to make the connection between
the number and the representation, or that he fails to perform
the task without working memory aid in the world. The for-
mer can be helped through instructing the student to see that
both problems are the same, and the latter can be helped by
either instructing the student to imagine the representation in
his mind, or that he take a piece of paper and write his own
representational aid on it. Finally when the transition from
the concrete problem solution to abstract problem is done the
two can be shown together further illustrating the similarity
between the two.

The principle of gradual transfer integrates the above four
principles and attempts to make the knowledge gained in the
software task space transferable to school mathematics
through gradually showing the similarity between the two.
By not making instant jumps and by keeping the solution
strategy identical throughout each step the user can hopefully
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infer that the starting, heavily aided software scenario, is
identical in deep lying problem strategy as the last step, a
purely abstract mathematical task.

2.3.6 Summary of principles

Through the above discussion there is reason to believe that
educational software can be improved by an implementation
of our principles. While the embodied mathematical fram-
ework might be neither optimal nor all-encompassing we
believe it can form a suitable design alternative to many avai-
lable softwares on the market that can be worth inspecting.
To summarize the principles, our hope is that this approach
can be applied to in general facilitate understanding of mat-
hematical concepts by allowing users to learn from the
world, and in the process removing unnecessary working
memory load to the learning task. While all principles are
based on the general assumption that students are able to
make inferences and form strategies to find solutions, each
principle itself has certain backing in theory and research that
shows they might be fruitful. Thus the next step in this ende-
avour is to see if the framework not only is supported by
existing theory and research, but if it can be used fruitfully in
the practical designing process.

2.3.7 Example of design process using the framework

Before proceding to analyzing our actual problem we will
attempt to show an example of design using the five prin-
ciples in order to illustrate how it can be done. The example
will use “Single digit addition with regrouping” as the con-
cept to be learned. For those not versed in the world of ele-
mentary school mathematics this would be additions like
“4+8” where the sum of addends is greater than 9. This is an
example of an abstract concept, since the user needs to learn
that the number above 9 is not some whole new type of
number but rather a combination of 1 and 0. How can one
explain that the 1 in 10 is ten times as valuable as just a sing-
le digit 1? In creating a task relevant to showcase this rela-
tionship we must first try to apply the principle of problem
solving and principle of object representations. Is there any
analogy in the real world to digit regrouping? An example
could be the concept of container, where each digit repre-
sents a box. When the value is too large it cannot be contai-
ned in one box, and thus it needs to be placed in a bigger
box. Concretely imagining this one can say there’s a card-
board box where you place apples where only 10 can be pla-
ced at any given time. Every time one box gets filled to max-
imum it is moved over to a bigger contained box, this in time
able to accommodate 10 smaller boxes. Using boxes as re-
presentation it is then necessary to find an appropriate scena-
rio where this representation makes sense. An example
would be the user is working in a factory, and needs to sort
the products into appropriate boxes for shipping. From this
appropriate use of workspace and feedback can be formed.
An addition between 5 and 6 could be expressed as “Put the-
se five and six apples in the cartons”. Feedback can be given
if the user fails to put all apples in the boxes in a systematic
manner by highlighting apples not placed in any box. Al-
lowing apples to be placed by mouse or touchpad movement
gives an additional element of manipulatives to it, especially
if the placed apples in the boxes is represented and updated
real time to the placement of apples. By dragging and putting



an apple to a small box a single digit value increases, and by
placing the filled small box to a bigger box a second digit
value appears. This way, the task of physically adding the
apple causes an increase in number, and by showing them
together they highlight the relationship that occurs when ad-
ding numbers to each other. The user will hopefully make a
connection, that the 1 in 10 is in fact not an apple, but stands
for 1 box containing 10 apples. The scaffolding can be
gradually reduced by removing the dragging element and
then the visual aid.

The example above was thought up with a couple of minutes,
Given more time more elaborate or interesting scenarios may
be designed, and the type of feedback can hopefully be im-
proved. Hopefully it however illustrates how our framework
can be applied. The steps required are, “Identify the concept
characteristic to be learned”, “Find an appropriate analogy to
that concept in real life”, “Create a problem solving scenario
in which the analogy can promote interactivity and provide
relevant feedback”.

3 Prototypes

To show that the embodied mathematical framework is use-
ful we will aim to apply it to a pre-existing educational soft-
ware and suggest concrete points of improvements. The
educational software Qnoddarnas Virld, for the third grade,
by Natur och Kultur offers mathematical — as well as Swe-
dish language — exercises for elementary school students.
Qnoddarnas Virld is used in several elementary schools ac-
ross Sweden, and thus was chosen as a typical example of
educational mathematical software. Analyzing the product
itself will therefore highlight the difference between common
strategies employed in designing these softwares to our own
approach. We will not only analyze and suggest areas of pos-
sible implementation of our framework but also create a pro-
totype that deals with some of the concepts in Qnoddarnas
Virld in an alternative way. We have chosen to focus on the
broad topic of “number sense” and the exercises “Description
of Numbers” (in Qnoddarnas Virlds “Blueberry 1”) and
“Expanded Forms” (in Qnoddarnas Vérlds “Blueberry 27).
However, as will be mentioned later in this chapter our fram-
ework is applicable not only to limited types of mathematical
learning.

To enable fruitful implementations of new ideas, we wan-
ted to thoroughly ground the underlying conceptual design
for what we wanted to achieve in theory. From these ideas
we discussed and designed various Lo-fi prototypes of pos-
sible exercise-improvements, as well as completely new de-
signs. The Lo-fi and Mid-fi prototypes were made using In-
Design and Photoshop that resulted in PowerPoint presenta-
tions. These prototypes made it possible to step-by-step
“walk” through an exercise and its phases. We chose to start
in this medium since we had prior knowledge regarding the
programs and that they allowed for very fast implementation,
where we could use screen dumps from the actual educatio-
nal software and cut and paste. This method made it possible
to quite fast investigate several ideas and to single out those
we thought most promising.

On the basis of the Lo-fi and Mid-fi prototypes we chose
to focus on one idea for the Hi-fi prototype. For several rea-
sons we decided to use HTMLS5/JavaScript for the implemen-
tation of the Hi-Fi prototype. One important reason is the
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cross platform properties making such software possible to
run in every modern web browser. This means that we can
use it on both android and iOS tablets and also on PC and
Mac computers. We were also using a HTMLS game engine
library, Phaser www.phaser.io, that gives basic functions for
moving images and detecting touches. This makes simple
manipulations, such as click and drag, simple to implement
and instead we can focus on designing the prototype. Java-
script also gives a great opportunity for collecting data du-
ring tests. It is rather easy to set up timers, counters and make
other measurements.

3.1 Onoddarnas Virld

Qnoddarnas Virld is an environment where students encoun-
ter animals and fictive anthropomorphic animal-like charac-
ters named “qnoddar”. Qnoddarnas Vérld is presented as a
story book like setting. In order to make students associate to
a context of study and learning the first thing that meets a
user is a study-chamber with a framed picture of a qnodd.
Above mere mathematical exercises the student can enjoy
game-like features such as customizing the appearance of the
room where the qnodd lives by choosing from different pre-
set designs, and reading e-books from a digital bookshelf.
The roles of the student and the fictional characters, respecti-
vely, are however never clearly stated and so remain a matter
of interpretation. When exiting the qnodd’s room through the
one available door the student is presented with a choice
between mathematics and Swedish language. If mathematics
is chosen, a new frame with a fictive world map is offered,
from which students can choose where to go. Each area hosts
exercises, represented as berries on paths that the students
can unlock as they complete the tasks presented.

3.1.1 Blueberry 1

Blueberry 1 is the first exercise out of nine focusing on num-
ber sense. The exercise is divided into three kinds of increa-
sing difficulty, of which we have chosen the third, called
“numbers”. The scene for the exercise contains two charac-
ters; a rabbit and a “qnodd” — the fictional characters of the
educational software. A text states that the student is suppo-
sed to write the number the rabbits asks for — this statement
is also presented as an audio message. The rabbit describes a
number, mixing text and numerals, in a speech bubble, and
the student is supposed to figure out the number and write it
in numerals in a blank speech bubble stemming from the
character. I other words, the student is implicitly asked to
step in and use the qnodd character as a form of avatar (that
is, a representation of herself — since she is the one who an-
swers the rabbit’s question).



Mat tal & mellan | 000 och 1100,
Tolet hor dubbet s ménga tiotdl som
tusentol och tre fler ental én tiotdl

Fig. 1. The scene depicts how the questions in the exercise
Blueberry 1:3 are posed.

Mitt tal & mellon 800 och 900. Talet
hor b fler tictal én ental. Om jog
lagger thop alla ental, total och
hundratol s &r det I8 tllsommans.

Fig. 2. The feedback indicating a wrong answer.

Mitttol & mellon 250 och 300, Tolet
hor bk ménga tiotal - 2
Jog Kigger thop olla ental,
hundratal s & det 18 tllsom,

Fig. 3. The feedback indicating a correct answer. The star is
added to the bar in the top of the screen.

When the answer provided by the student is wrong, a red

cross symbol is presented as feedback over the answer, as
shown in figure 2 below. Thereafter the original question
reappears, and this continues until the correct answer is gi-
ven.
When the student provides a correct answer a star appears, as
seen in figure 3, and consequently there is an increase in a
“score bar” on the top of the screen. The next question then
automatically follows, until the bar is full and next exercise-
step is unlocked.
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Discussion

Taking the above exercise as a more or less standard type for
the entire software, there are clear differences in this design
and a design according to our framework. Firstly the exercise
is not anchored to any actual scenario. This is by no means a
flaw as such but it illustrates a different approach. With that
said when a software clearly provides a gamelike setting and
environment it begs the question what the relationship is
between the character and the task. The fantasy setting does
little more than offering visual aspects irrelevant to the task.
While the exercise aims to train number sense there is no
representational aid to illustrate the relevant aspects of the
task. There is no interactivity or strategy to come closer to a
solution. The feedback provided is only corrective and gives
no clue as to how to change the answer the next time.

The restrictions on answer input is also problematic in the
sense that when the student wants to write an answer, the
iPad’s keyboard covers about half the screen. Since this is a
built-in feature, the placement of both figures should have
taken this into account but this seems not to have been the
case. Not being able to read the task limits the ways in which
the student can answer the task and causes unnecessary wor-
king memory load since the potential of using the display as
a tool for solving is diminished. Essentially the software
requires the user to first complete a comprehension phase
and only when the answer is clear start to input it. This de-
marcation between solving and answering is not in line with
the embodied mathematical approach

Implementations

We wanted to investigate how the exercise could be reconfi-
gured to fit in the embodied mathematical framework by
means of concrete changes. Regarding the problem solving
principle, the overall situation can be interpreted either as if
the student should provide help to the qnodd character or that
the character is an avatar that represents the student herself.
In any case it is unclear why the rabbit wants to know the
answer to the questions it poses and similarly unclear what
the student or the character has to gain from providing a
correct answer. This said, there is the rather abstract element
of gratification in gaining a star that raises a bar and eventu-
ally leads to promotion. As discussed above, this can be in-
terpreted as a form of gamification. Concerning which moves
are allowed and what the goal state is, the exercise is reaso-
nably clear, even though the narrative around it is diffuse.

Our overarching goal was to ground the exercise in the
embodied mathematical framework presented above. The
usage of the conceptual metaphors ‘object’ and ‘collections
of objects’ for numbers and sets respectively, could provide
such a grounding. As mentioned when discussing the princip-
le of object representation, objects are a natural way to repre-
sent numbers. We therefore developed a Lo-fi prototype that
used balls as concrete objects. In figure 4 below we color-
coded the different types of balls according to their properti-
es.



Tvé tiotal och fem ental stéme
4562,

Fig. 4. Lo-fi prototype of colored balls representing concrete
objects to use as support when solving the exercise.

E B
=1

25%7=2000 +500 +60 +7

Fig. 5. An example exercise in Blueberry 2:1.

000 — o0
R
=1
18/9=1000 +800 +I0 +9

Fig. 6. Money used as concrete objects in exercise 2:1.

By this very simple concrete addition to the exercise within
an embodied mathematical framework, we provide a base
where the objects, color-coded by their properties, represen-
ting different types of numbers, can offer informational sup-
port in a direct visual format . By using the balls as concrete
manipulatives, the working memory load can to some extent
be externalized. Reconnecting to the principle of object re-
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presentation, objects as representations works best when
small numbers are involved and less so concerning larger
numbers. This is so because the number of objects easily gets
overwhelmingly many and the student would most likely
lose overview of the total amount. The exercise at hand
might therefore benefit from the added feature of concrete
objects, and has tried to tackle the issue of larger numbers by
color-coding the objects and thus give them different proper-
ties. The mapping of colors to different amount-properties is
however not to be regarded as natural, but something a stu-
dent would have to learn specifically for the exercise or
educational software. Arguably, however, even when a repre-
sentation is incomplete it may still be an effective tool for a
user. Manipulative objects afford epistemic actions and also
make it easier to provide useful feedback when an answer is
incorrect.

3.1.2 Blueberry 2

Blueberry 2 is the second exercise of nine focusing on num-
ber sense. The exercise is divided into three kinds of increa-
sing difficulty, of which we have chosen the first, targeting
the topic “expanded form”. The relevant knowledge the stu-
dent should gain by this exercise is to break one number into
smaller sub components and also to understand the relations-
hip between a number’s value and its position (e.g., how “1”
in 1200 has a higher value than “1” in 21).

Expanded Form

The exercise starts by presenting an audio- and text-descrip-
tion, stating that it is possible to break numbers into their
components and that this is called expanded form. This is
followed by a number, broken into thousands, hundreds, tens
and ones as an example. When the student presses the button
“next” the first question appears. A number is presented and
four blank spaces indicate where the answers are to be given.
A correct answer gets a green check symbol whereas a wrong
answer is indicated by a red cross symbol. All wrong num-
bers are thereafter possible to change.

When a correct answer is given a new panel is added to the
screen, with trays underneath the four numbers. Bills and
coins are depicted under each numerical category. The
amount of bills and coins mirroring the answered number are
to be dragged and dropped into each tray. A text stating that
the money should be placed “correctly” is presented on the
screen and as an audio message. Green check symbols and
red cross symbols indicate which trays have the correct
amount of money.

Discussion

Using currency as a representation for expanded numbers is a
good idea provided that the student is familiar with paper
money. If the student has paid for a product in a store he or
she will likely know when a number is sufficient and when it
is not. Thus this can be taken as consistent with our fram-
ework of utilizing representation with prior world knowledge
associated to facilitate the learning of new concepts. Drag-
ging paper money on the screen as to change the problem
setting can also be seen as a concrete manipulative of expan-
ded form. Interestingly, and quite perplexing, however, is the
order in which this representation is given and the task it is
presented in. Again the exercise is not framed in any specific



situation and context, and the student is not provided with
much of an explanation or motive for why he or she should
put money on the counter. Even more problematic is the or-
der of the representational aid given within the task. The stu-
dent needs to first answer correctly to the expanded form
question without any representation of money, and only after
this does the money and additional instruction of putting mo-
ney in the tray. This is problematic since the representational
and interactive manipulation of the world are both there to
facilitate learning of new concepts, but the fact that it
requires the user to first answer correctly means the help only
really appears when the user already knows how to solve the
task. Furthermore the dragging money to the tray must be
done in accordance to the answer previously put in, and it is
not clear why there should be a required additional task when
the question is already answered correctly.

Similarly to the previous exercise, the exercise blueberry
2 uses very limited corrective feedback. There is no indica-
tion of where the error is or the magnitude or direction of the
error. The input accepted is only numerical, and while the
task of expanded form requires the user to enter the number
in a orderly fashion from thousands, hundreds, and so on,
there is no input restriction to each field in this regard. This
means that the student can enter the correct numbers, but
without knowing the orders that the software requires she is
essentially lost. The learning aspect of the exercise appears
first when the user has understood expanded form and the
way that the software requires an answer to be entered. As
such, the initial screen presented to the user is closer to a
password input screen than to a learning material.

Implementations

Our initial take on the exercise was to merge the two tasks
and to present the money directly. The student then gets a
visual aid and can externalize some of his or her conceptual
model, in line with our second principle concerning the mi-
nimization of unnecessary strain on the student’s working
memory, as well as in line with the fourth principle of inte-
ractive workspace and epistemic actions. Mapping the more
abstract numbers to the more concrete money offers a natural
way to understand the concept of expanded form. With such
a design the exercise with the concrete manipulatives will
offer an actual chance of learning through the manipulation
and not just offer a test. This said, it is not unproblematic to
design the exercise since it is important to keep the learning
aspect of “knowledge in the head” (Norman, 1988: 79). As
the exercise proceeds, a gradual transition from a very
concrete task involving strong aid and support to a more ab-
stract task should occur.

By connecting the two categories numbers and money,
and then make changes in one category that will affect the
other, a natural way to understand the abstract and the
concrete concepts can be enabled. This would offer immedia-
te visual and conceptual feedback to the student and show the
result of his or her actions. We hence decided to design a Hi-
fi prototype based on this multi-modal concept. These
changes were initially investigated through minor design-
rearrangements, where the money was immediately visible
and connected to the numbers. Furthermore, an added feature
where the money the student present as the solution to the
exercise gets pooled and compared to the correct amount
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would give direct feedback in a way that lacks in the original
design:

Fig. 7. A redesigned version of exercise 2:1, where the added
space is used to present the students answer and then compa-
red to the correct answer.

Although we ultimately decided to focus on a re-designed
version of the exercise, we made a Mid-fi prototype investi-
gating another concept. Here we tried to see if we could de-
velop the exercise beyond the constraints set up by the cur-
rent design and incorporate the principle of problem solving
more clearly. Basing the exercise on a real life problem sol-
ving situation we used an anchored setting of a “shop”, whe-
re the student was supposed to buy something from a shop-
keeper. This integration of a narrative, discussed by Gins-
burg, Jamalian and Creighan (2013: 106), might provide a
more meaningful context and motivate students more.

{ shop

O

Fig. 8. The shop set-up was used as a real life inspired mat-
hematical problem solving situation.

The use of a store presents students with a situation that most
of them probably are familiar with. This is likely to increase
the chance of the user seeing the point of trying to solve the
exercise. The mathematical skills they acquire are in this way
connected to motivating factors such as a willingness to mas-
ter similar situations that they might find themselves in. The
task (buying something), the representation (money) can be
consistently illustrated through this setting and immediately
give a cue to the user what the meaning of the task and how
to possibly go about it.

After an initial description of their task the student gets to
choose an item of their liking. She then encounters the shop-
keeper at the register:

Det blir 1281 kronor,
ge mig exakt méngd pengar!

Fig. 9. The exercise keeps the initial metaphor and use of
money although provides a real life context.



In this step we wanted to link the concrete element of money
to the abstract mathematical concepts. We therefore use the
same conceptual metaphor as the one already present in the
educational software, with the difference that we connect it
to a real life situation. An additional feature is that we con-
nect the numerals and the money, so that if one is lowered or
raised the other complies. The interactive element of moving
the money becomes a concrete manipulative by making the
changes in money position reflect the change in value dis-
played. This should be made visible by affordances such as
color and moving features. An example of this feature is vi-
sible in (Fig. 9) where the added coin is thought to be con-
nected to the green numeral. When the correct amount is
presented the shopkeeper indicates that everything is okay
and the student receives the merchandise. When the wrong
amount is presented, what and how much that is incorrect
should be clearly shown so that the student can understand
how a more proficient strategy could be applied. Comparing
the desired number and inputted number physically close to
each other allows for easier visual comparison, similar to
how a user would epistemically check difference between
two objects.

Det blir 1281 kronor,
ge mig exakt méngd pengar!

Fig. 10. The feedback should clearly indicate where the pro-
blem is, and how it can be solved.

3.2 Summary

The above two exercises and many more inspected but not
presented here indicate that Qnoddarnas Vérld uses very little
of what our framework highlights. Representational aid is not
always provided, and when it is, it is presented ineffectively.
Anchoring to scenarios seems to not occur, as each exercise
is expressed in an abstract school math task manner while the
fairy tale element only seems to exist as background. While
interactive elements to a certain extent exist they seldom
qualify as a concrete manipulative, since they do not effecti-
vely highlight the relationship between the object used and
what it is representing. In certain cases like the dragging of
money in blueberry 2 the interactive element is added after
the actual task, making it seem like an additional game ele-
ment not related to the actual problem. The use of epistemic
action is also hindered by the fact that the software requires
specific input, restricted to letting the user answer the exerci-
se. There is a lack of options, such as, to write notes or put
memory aid on the screen, which is possible when doing
similar exercises with pen and paper.

53

3.3 Hi-fi Prototype

Our Hi-fi prototype combined elements both from the origi-
nal exercise and our Lo-fi and Mid-fi prototypes, and can be
found online: http://intraktion.azurewebsites.net/

We have, primarily worked with the exercise blueberry
2:1, present under the link “Tal”. The prototype that was used
in our pilot studies was designed with the shop-metaphor in
mind (yet in the Hi-Fi-prototype it was re-designed to look
more like the original exercise in Qnoddarnas Virld). The
correct amount of money should be dragged to the table, and
the corresponding numbers at the top of the table are updated
dynamically. We included multiple core elements in this first
prototype version: object manipulation (the money move-
ment) and provision of basic corrective feedback. This ver-
sion was very much a proof of concept to be expanded upon.

Det blir 9188 kronor, ge mig
exakt ratt mangd pengar!

Fig. 11. The start frame of the first version of the Hi-fi proto-
type.

Developing the High-fi prototype further, it was important to
make the prototype incorporate as many elements as possible
from the original exercise so that comparisons between them
would be manageable. We thus used a qnodd as a shopkeeper
and based the background on the original exercise, albeit
with minor changes.

B Lediga anstalining: x [ Pratser i forskans x ' f hetio phasert
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intraktion.azurewebsites.net

Det blir 7471 kronor, ge mig
exakt ratt mangd pengar!

A A
7471 =_0000 + 000 +_ 00 +
= =

Fig. 12. The start frame of the final Hi-fi prototype.


http://intraktion.azurewebsites.net/

4 Pilot Studies

Three pilot studies were conducted on children who were
three, two and one years younger than the intended target
group for the educational software. By this procedure it was
possible to pin-point strengths and weaknesses in the proto-
type design as well as getting an insight into which aspects of
the prototype that were possible to grasp and which aspects
that was difficult to understand for students in the age-group.

4.1 Pilot Study 1

In the first exploratory pilot study on our Hi-fi prototype of
exercise blueberry 2:1, we chose to use a subject that was
five years old and did not have any prior formal mathemati-
cal training. The subject was thus entirely unfamiliar with the
context of mathematics learning and mathematical exercises.
By this choice we hoped to get an indication about the em-
bodied mathematical design that was as free from prior influ-
ences as possible. It did however mean that the subject offi-
cially was “too young”, since the exercises target third gra-
ders, about nine years old, and that the subject would pro-
bably not be able to actually solve any of the mathematical
exercises. What we observed, however, was how the subject
interacted with our Hi-fi prototype. This made it possible to
point out what was clear and easily understandable in our
design. The information gained served to indicate strengths
and weaknesses in our design. The Hi-fi prototype was pre-
sented on a tablet. One test leader, one parent and one sibling
was present during the study.

4.1.1 Pilot 1 Discussion

The subject was from the start uncertain about how to pro-
ceed. He initially tried to press the “down arrows” indicating
thousands and hundreds. Since this did not result in anything
happening he asked for guidance before interacting any furt-
her with the software:

“Where are you suppose to push?” [00:36]

Then issue is related to the fact that the prototype has
constrains in that it only accepts positive numbers. A possible
work around would be some feedback clearly showing that it
is only possible to increase the amount from the initial stage.
After some encouraging comments from the test leader, the
subject tried to press the screen in what looked like a random
fashion. After a short while he was able to move a hundreds
bill. When he realised that it was possible to interact with the
money he began to drag the bills. The location of where to
position the bills seemed however unclear to him.

The question was repeated and the subject seemed to
connect his task to a location. He started by dragging the
money towards the figure. When the role of the money had
become more clear to him, he had no trouble realizing that
the coins were possible to move as well. Connecting the mo-
ney to the numbers presented was not an easy task. The sub-
ject saw that a number was indicated, he then asked:

“Is it supposed to be a ‘one’?” [01:55]

This was due to him having presented a single hundred bill,
and was not connected to the number that was being asked
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about. The subject can thus be said to not understand the
connection between the expanded form of the presentation
and its linkage to the money. At a later stage he did however
see the connection [02:24], which likely had to do with that
he had started a new trial and therefore had a “clean screen”
before him. In other words; when he could see that a number
appeared as a direct consequence of him positioning a bill in
the correct position and no additional noise was present he
did understand the connection that previously had been too
difficult to see.

The subjects attention was not possible to hold for long,
but we were able to get some indications of the prototype
design. One important lesson from this pilot study was that
the numbers needed to be more saliently presented. In order
for a subject to directly see the connection between the mo-
ney and numbers there can be no room for not noticing that
something new has happened with the numbers when money
is added or subtracted or vice versa.

Another aspect that made the exercise difficult was that
we had not been able to include an introductory demonstra-
tion and the subjects had to infer from a brief spoken descrip-
tion. The less prior experience with similar exercises and
mathematics in general the more difficult it is to understand
what is expected of you.

4.2 Pilot Study 2

In the second exploratory pilot study we wanted to get some
additional feedback on our initial Hi-fi prototype. The Hi-fi
prototype was presented on a laptop, whereas the Qnoddar-
nas Virld exercise was presented on a tablet. One test leader
was present during the study and one of the subjects parents
was in the next room.

The subject was initially encouraged to interact and use
what was being presented to him generally, without any furt-
her specific instruction. When he got stuck, we cautiously
indicated how to proceed, providing as little information as
possible. The subject was six years old and thus, as the pre-
vious subject, younger than the target group.

4.1.1 Pilot 2 Discussion

From the start it was clear that the subject did not understand
what was asked of him, neither with the prototype or the ori-
ginal exercise — even though he just had used the prototype
with its similar case set-up. This result was however to be
expected since he could not read the instructions himself nor
understood what was being asked of him, since he was new
to the context:

“I don’t even know what I’'m supposed to say.” [00:17]

After encouraging general remarks to talk out loud about his
thought process from the test leader the subject mentioned
that what he had first seen as standing out in the scene was
the money:

“[...] I didn’t mean the man; I meant the money!” [00:35]
This can be interpreted as that the object representation is

reasonably chosen in that it is recognizable and “stands out”
which would indeed be preferable. The subject could not



read the text explaining the exercise so the test leader read
the message out loud:

“I can’t read that much text.” [00:50]

This feature should be built into the final Hi-fi prototype and
be presented as an audio message, which made it reasonable
to read it out loud here. The subject did however not un-
derstand what was expected of him on the basis of the mes-
sage.

When explicitly encouraged to use the mouse-pad the
subject’s first choice was to push the “finished”-button. This
can be understood as that the button-feature was salient, and
given that the subject was unable to read its label it was a
reasonable choice to try. It was however not correct given the
exercise. From these initial observations it is obvious that it
would be a good idea to work on making the features of the
prototype as salient and obvious as possible. Even though the
target group will most likely be more used to similar exerci-
ses there should be no uncertainty regarding what is possible
to perform — in line with the principle of object representa-
tion — given the importance to minimize working memory
load. Furthermore, in line with the principle of world feed-
back, the subject should not have any difficulty to figure out
how to do something or what to do.

After some trial and error the subject noticed that the mo-
ney was an element that was possible to interact with:

“Wow! How did that happen?” [01:55]

The feature that made him realize this was that the bills mo-
ved while being pressed. This is an important finding that
needs to be thoroughly incorporated into the Hi-fi prototype,
that when something is clicked it should move or change
color to clearly indicate that manipulation is possible. It is
likely a good idea to make these features be present when
hovering the cursor or finger above the target.

The subject right away started to move the money, which
is an indication that the feature is possible to grasp easily,
although he initially moved it to a random blank space in the
lower right corner of the screen. After a while the subject
said that he would place the money on the table which indi-
cates that he understands the concept of the table and that it
would be a reasonable place to place the money. His first
thought was to give the character in the exercise “all the mo-
ney he [the subject] had”. He did not see or make a connec-
tion between the money being placed on the table and the
simultaneous increase in numerals:

“I’m gonna put the money on the table” [02:23]

This means that the feature of numerals being mapped to
money/objects must be much more saliently designed. Even
after this feature was pointed out by the test leader the sub-
ject did not understand the connection. This is however once
more most likely caused by his lack in mathematical training,
since he was only able to read the numerals one at the time —
not connecting them into tens or hundreds etc.

When asked how he reasoned when he placed the money
on the table he indicated that he was thinking as if he was in
a store:
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“[...] as if it were in a store. [...] and you put it [the
money] on the counter.” [03:55]

This indicates that the general metaphor and design is natu-
ral and possible to grasp. After being encouraged to explain
his thoughts, the subject described how he should first give
one then two then eight then one to the store clerk. Since the
subject only understood the concept of one numeral at the
time this was in a sense correct given his knowledge level.
After understanding that he had not performed correctly, in-
dicated by the test leader, the subject understood it as that the
money on the table should be removed — which is correct.

Concerning the task in the original educational software,
Qnoddarnas Virld, the subject did not grasp where to place
the objects or what to do. Rather than to connect the objects
and numerals he “filled” the containers indicative for where
the money ought to be placed.

4.3 Pilot Study 3

A third exploratory pilot study was conducted to gather addi-
tional feedback on our Hi-fi prototype. The third subject was
seven years old and thus too relatively unfamiliar with the
context of mathematical learning and mathematical exerci-
ses. He said that he had some experience of buying things in
a store by himself, which can indicate that the problem sol-
ving case of a store is reasonable considering the age group.
As regarding the previous subjects, this means that the third
subject also was younger than the intended target group —
although in close proximity. We observed how the subject
interacted with our prototype as well as the original educa-
tional software. The result from this pilot study should pri-
marily be seen as a general informal indication of strengths
and weaknesses in our design. Both our Hi-fi prototype and
the original exercise was presented on a tablet. One test lea-
der and two observers — one filming — was present during the
study as well as one of the subjects parents, who occasionally
interacting with the subject.

As in the previous pilot studies, the subject was initially
encouraged to interact and use what was being presented to
him generally, without any further specific instruction. When
he got stuck, we cautiously indicated how to proceed, provi-
ding as little information as possible.

4.3.1 Pilot 3 Discussion

The pilot study began with our Hi-fi prototype being presen-
ted to the subject on a tablet. The subject immediately started
to use the money and appeared to try and “give” the money
to the cashier in the software, by swiping the bills and coins
towards him. The subject did not find the “ok”-button which
made him unable to get to the next step. He did however pre-
sent the correct amount and was able to continuously solve
the exercises in a fast tempo after the button was pointed out
to him. This, indicates that the button needs to be much more
salient. Furthermore, the subject said that he held the amount
of bills in mind rather than use the numbers presented as
feedback which indicates that the prototype needs to present
the numbers in a more salient way as well:

“I count it in my head.” [05:01]



He did however profess to use the numbers as support when
he lost track of the amounts he was working with. When
asked if he had bought something in a store by himself he
said that he had, and regarding if he thought that this was
similar to the exercise he answered:

“Kind of.” [06:55]

Regarding Qnoddarnas Vérld the subject, after some initial
trial-and-error, understood where to press on the tablet to be
able to enter numbers. After the first hesitation the subject
intuitively grasped that he ought to change the cursor posi-
tion to fill all the blank spaces.

The subject's first attempted solution expanded the num-
ber, although not in the intended order. The exercise did only
accept thousands, hundreds, tens and ones — in that order. All
other answers were indicated as wrong with the sole feed-
back of a red cross. This meant that the subject got four red
crosses when he pressed the ok-button, which made him per-
plex. When asked what he thought was wrong he said that he
did not know. Since he could not understand what was wrong
he asked for help and the test leader directed him to the soft-
ware’s help function in the form of a button with a question
mark. The help consisted of a repetition of the previously
stated demand to “write the number in expanded form”. The
subject did not get any aha-experience from this information
and still did not know what had been wrong with his answer
or how he ought to go about to present the correct one. He
tried again with another order and way of expanding the
number, which also resulted in a correct amount albeit not in
an acceptable order. This was repeated a third time. At this
point the subject was told — got feedback — that a key element
in the exercise was the order in which he presented the num-
ber. From this minor input he was immediately able to give a
fully correct answer by himself and solved the exercise.

In the second step of the exercise the subject understood
how he should use the money and where to place it. He pro-
ceeded to give a correct answer straight away. The second
time he tried, he did however get two numbers wrong, and
red crosses appeared. He was not able to get it right and
when asked about his thought process he said that he tried to
add it together in the right order. When asked about the exer-
cises in general, the subject gave answers that may indicate
that he was close to an understanding of the concept behind
the exercises, although he expressed this understanding in a
vague way, which leaves some uncertainty. He described
how:

“[...]1t’s supposed to be the same in the end.” [22:19]

This can be interpreted as that he realized the importance of
thousands, hundreds and so forth. He was however unable to
get a “paper exercise” entirely right without the help of the
educational software or the object representations, which
shows that he had not gained a full understanding of the con-
cept “expanded form”. This was of course not unexpected
given the subject’s age and the short amount of time he spent
with our prototype and the educational software.
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5 Transferal Test

Basing on the theoretical discussion above we believe that
our approach to a mathematical educational software has a
potential to serve as a well-grounded framework for desig-
ning mathematical education material for school and eve-
ryday use. But in order to evaluate this potential, large-scale
testing in actual school settings are required, something that
can not be carried out in the frame of the current project.
However, as a first step we conducted a smaller-scale study
to investigate whether software designed according to the
framework of embodied mathematics would live up to the
prediction made in our theoretical analysis regarding students
interactions with the software, and their learning from it.
More specifically the small-scale study focused on how sol-
ving a problem in the software relates to solving school-math
test problems with similar deep lying structure. In short we
aimed at testing whether a similar deep level problem-sol-
ving would lead to analogical transfer to more abstractly
formulated tasks, and if this transferal would base on an un-
derstanding of the learned solution.

The following transferal test section will explain the
structure of our test, followed by a result analysis of the sub-
ject’s performance on paper test pre and post software lear-
ning. Lastly we present an interaction analysis of the manner
in which the subject used our hi-fi prototype.

5.1 Hypothesis

By virtue of our qualitative approach we will be interested in
the actual interaction between the user and software. More
generally our assumption is that a decrease in cognitive de-
mand will be present for understanding the task space in our
Hi-fi prototype. Specifically our approach to learning
through feedback would hopefully lead to that users learn
through each mistake, thus not making the same sort of
mistakes repeatedly. We also believe that there will be few
instances of wrong inputs in the sense of inputs that have a
clear intention but nonetheless fail due to the software. Furt-
her we believe our approach will cause few verbal instances
of “giving up” or admitting you don’t understand due to mo-
tivation or failure to understand task. We predict that our
prototype will allow for flexible solution strategies that can
differ between individuals but be equally valid.

As for the transfer testing we will be interested in several
aspects. Firstly, will users are able to solve problems with
identical deep lying structures to the ones learned? Secondly,
how will the solution in the test phase differ from the solu-
tion in the learning phase in time, working memory demand
and approach? Furthermore we will be interested to see if not
only the solution is transferred, but the conceptual un-
derstanding of the learned term, together with implicit know-
ledge used in the solution. We believe that our prototype to a
high degree will invoke successful strategy transferal with a
high level of implicit understanding of the solution.

5.2 Method

We will focus on far transfer from the concrete to the ab-
stract by removing contextual aspects and scaffolding, to
investigate whether analogical transfer is possible, where
generalizable knowledge from the original task to another is
seen.



While we have certain quantifiable measures in the hy-
pothesis these do not in themselves tell enough. The partici-
pant’s interaction with the software will therefore be filmed
and analyzed through the points mentioned in the hypothesis.
Since it is not possible to analyze each and every action we
will focus on instances where problems arise, and how the
student solves these problems.

The transferal test will contain 8 questions where two of
them will test transfer of strategy using identical deep level
structure question as the ones trained in the software. Two
questions will test transfer with additional elements but iden-
tical solution strategy information. Two questions will test
reverse order strategy (starting with goal state and deducing
base state). Two other questions, finally, concern mathemati-
cal rules implied or involved in the solution, rather than
direct solution strategies. To succeed on the first two types of
questions a student needs to see similarity in structure and
apply learned strategies. The two latter types of questions
will concern how participants make inferences about the le-
arned strategy and understand the implications of what they
are doing. In each question the participant are encouraged to
describe not only their solution but their strategy and reaso-
ning.

During both the training phase and testing phase, time
will be recorded. Large differences found in the time concer-
ning training or testing will be included in the analysis.

5.2.1 Participants

The participant (fem, age = 8) had started her second year in
elementary school and thus had some minor prior mathema-
tical education regarding expanded numbers. She is hence in
our target group of eight to nine year olds.

5.2.2 Procedure

The participant, and her caretakers, were at the start of the
transferal test presented with an overview of the test design
and informed about their rights to decline continued partici-
pation at any time. In the transferal test’s first step, eight
mathematical questions were given in paper form. After these
were answered, the participant was instructed to use our Hi-fi
prototype, presented on a tablet. In the third step the partici-
pant was asked to complete eight additional paper exercises —
all exercises are presented in Appendix I. Both the testing
and interaction phase was filmed for later analysis.

5.2.3 Analysis

An evaluation scale of four levels was used to categorize the
participant’s answers to the transferal test questions; wrong
answer (0), wrong answer but right strategy/presentation (1),
right answer but not entirely correct strategy/presentation (2),
and correct answer (3).

For the interaction analysis each instance where the user
encountered a problem, either through stopping the answer
input or the program returning an unsuccessful feedback was
counted as an observation for our analysis. Each observation
will be categorized to any of our prediction according to user
action to the software and user’s verbal report, if the problem
does not fit in any of our predicted categories it will be
counted as a “separate”. Given the vague nature of this
distinction the number of instances might not be an accurate
measure to any underlying cognitive phenomenon caused by
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the educational software, but as a user test the fact that any
one individual might face a certain problem in itself might be
an interesting observation. Thus we aim not to finding any
proof of our hypothesis in this text in any strict manner, but
we will hopefully find indications on how users usually inte-
ract with educational software, and through it gain a glimpse
of how target users utilizes mathematical softwares.

5.2.4 Ethical Aspects

Since the participants, both in the transferal test and the pilot
studies, are under-age there are a number of ethical aspects to
take into consideration. First of all we tried to minimize the
exposure of the participants, as mentioned. This said we were
not able to make the filming completely anonymous since the
participants sometimes moved in unexpected ways which
made their identity possible to discern. All participants and
their caretakers had however agreed to being filmed in ad-
vance and did not report any concerns regarding this issue.

The transferal test was non-invasive and did not involve
any sensitive topics. Nevertheless we took care to explain,
both for the participants and their caretakers exactly what
participations involves and make sure that they knew that
they could withdraw from participation at any time. (We
were aware that feelings of commitment may influence the
participants to feel obligated to continue.)

It was also important to avoid that a participant would
feel bad if she did not succeed in the tests. Although this is a
general phenomenon in all education it was pointed out to all
participants before they started that the pilot studies and the
transferal test was explorative and that there was no way to
do wrong since all answers were of interest. We mentioned
more than once that incorrect answers might be more interes-
ting than correct ones in order to minimize competitive ele-
ments and potentially associated stress.

5.3 Results of Abstract Transferal Tests on Paper

In short we could not find any indication that transferal has
occurred from software to school task. The subject was alre-
ady capable of solving the test tasks confidently and so it was
not possible to test any learning effect from the software.

5.3.1 Results of Transferal Test 1

As an answer to question one the subject wrote what kind of
expanded number each number represented, indicated by
arrows. She wrote; “thousand”, “hundred”, “10”, and “ones”.
This is interpreted as (2). Question two was written as; “4t-
housands”, “8hundreds”, ‘“9tens”, “3ones”. Once more this
will be interpreted as (2). Question three was written as;
“19thousands”, 8hundreds”, ‘“2tens”, “3ones”, which will be
interpreted as (2). Question four; “3hundreds, “Otens”, “3o0-
nes”, which will be interpreted as (2). Questions five presen-
ted the number “3”, which was correct (3). Questions six
presented the number “0”, which was correct (3). Questions
seven marked the correct number (3). Questions eight
marked the correct number (3).

From the eight questions no answers were interpreted as
0 (0 %) or as 1 (0 %). Instead half (4) of the answers were
interpreted as 2 (50 %) and half (4) as 3 (50 %), (time =
20:23 min)



5.3.2 Results of Transferal Test 2

Question one; “8thousands”, “4hundreds”, “910” [where the
‘10’ is in smaller size], “2ones” (2). Question two was writ-
ten as; “lthousands”, “7hundreds”, “610”[where the ‘10’ is
in smaller size], “3ones”. Once more this will be interpreted
as (2). Question three was written as; “61thousands”, 8hund-
reds”, “910” [where the ‘10’ is in smaller size], “3ones”,
which will be interpreted as (2). Question four; “2hundreds,
“010” [where the ‘10’ is in smaller size], “4ones”, which will
be interpreted as (2). Questions five presented the number
“6”, which was correct (3). Questions six presented the num-
ber “0”, which was correct (3). Questions seven marked the
incorrect number (0). Questions eight marked the correct
number (3).

From the eight questions one (1) answers was interpreted
as 0 (12,5 %) whereas no answer was interpreted as 1 (0 %).
Half (4) of the answers were interpreted as 2 (50 %) and th-
ree (3) answers as 3 (37,5 %), (time = 05:26 min)

5.4 Interaction Analysis

The participant self-reported that she liked mathematics, had
a good teacher and was competitive by nature. She was thus
highly motivated to partake in the transferal test and to solve
all exercises. This made the test easy in that she gladly and
quite efficiently reported her thought process at numerous
occasions throughout the transferal test. Before the test star-
ted the subject got a very short auditory explanation of the
concept “expanded form”. No written examples were shown.
Regarding expanded form the subject said that she had some
prior experience:

“We have talked a little bit about what order the num-
bers should be in [...].” [00:13]

5.4.1 Transferal Test 1

The subject was able to start right away and directly descri-
bed her thought process:

“First, I’'m thinking two thousand, and then that is the
thousands.” [01:10]

The subject then indicated which number was the thousands,
rather than to write the number in expanded form. She did
this by writing the word “thousand” and drawing an arrow
towards the correct number. She then continued by reading
the entire number out loud, followed by pointing out the
hundreds and tens. She indicated these numbers in the same
way writing “hundred” and “10”; drawing arrows to the
correct place. At this stage it is interesting to point out that
she switched between letters and numbers, since she wrote
tens in numerals rather than with letters as she did with the
other numbers. This was something she did continuously for
tens.

When answering the second she did switch the way she
reported her answers. Instead of drawing arrows, she wrote
out her answers as follows; “4thousand”, “8hundred”,
“910s”, “3ones”. She did not comment on why she switched
or seemed to reflect on it at all. Throughout the rest of the
test she stuck with this way of reporting her answers for rele-
vant questions.
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The third question asked for the expanded form of 19823.
At once the subject was a bit uncertain, stopped and asked:

“I don’t know if it’s nineteen thousand or [..
strange number that I have not learned.” [03:27]

.] some

It seems as if she had no prior experience of numbers this
high and was thus flummoxed about how to proceed. She
eventually wrote down “19thousand” which in a sense is
correct although points towards that the concept of expanded
form was not generalizable. It is possible this answer stems
from a way of learning expanded form as separating the
numbers into sub-number types all noted with one word. In
both Swedish and English the number “ten thousands” has no
unique name, but rather is expressed as a number of
thousands. The system of verbally expressing the number
thus changes from the thousands, and it is possible the sub-
ject learned expanded form intimately connected to the ver-
bal expression. She did not see the pattern to how the num-
bers were presented and what an correct answer ought to
entail.

The other numbers were presented as in the second ques-
tion although the tens stood out again — being reported as
”210s” rather than “2tens”. She was keen on getting the an-
swers correct and said:

“I’m gonna take a chance — I hope it’s correct.” [04:35]

As previously stated the subject wanted to present the correct
answers, and wanted confirmation. The test leader at this
point said that all answers was of interest, trying to encou-
rage her to continue without interfering too much in the pro-
cess.

The fourth question did not pose any problems for the
subject, who solved it quite rapidly without saying anything.
This can be interpreted as reasonable since it consisted of a
smaller number of only hundreds tens and ones.

The subject thought that the exercises were over after the
first four questions. This is likely since the first four ques-
tions were formulated in the same way whereas the following
four differed somewhat. When solving the fifth question the
subject started with a very elaborate counting procedure,
where she added different numbers together and tried to
“build up” the correct answer. Eventually she was able to
solve the question and it then became clear that she had
“over-thought” the question severely. Midway through the
process she lost hope saying:

“I'don’t getit.” [11:32]

The test leader then said that since she had tried hard, she
might proceed to the next question. She then said:

“No. I will solve it!” [11:44]

She continued to struggle and was eventually able to reach a
conclusion. The test leader pointed out that there was suppo-
sed to be equal amounts on both sides of the equal sign. This
was something the subject already knew but nevertheless led
to an aha-experience:



“Aha! Now I get it! Nine something, eight something
plus something is equal to... So it is that which I’'m
supposed to get; if you add everything up.” [11:37]

Such an interpretation might follow from that the aha-mo-
ment indicates that the subject saw the relevant pattern which
the question was based on. For example Girdenfors and
Lindstrom (2008; see also Giardenfors, 2008; Lindstrom,
2011) argues that understanding can be seen as seeing the
relevant pattern or structure of a task.

She still had to struggle a bit with the following question
that had the similar structure, although this time she was able
to get the correct answer much faster. She eventually was
able to formulate a strategy that she thought worked and
checked her answer of the previous question using this stra-
tegy and was able to confirm that the answer was correct.

The seventh and eight questions were solved quite fast.
The subject had some minor initial difficulties of understan-
ding what was being asked of her but then started to add the
expanded numbers together correctly. An interesting aspect
was that her reporting of her thought process indicated that
she was on the wrong track since she seemed to add numbers
together in an incorrect way, but the resulting numbers came
out right in all cases nevertheless. Arguably there were steps
in her thought process that she did not articulate even though
they were clearly there.

5.4.2 Transferal Test 2

In the second transferal test, the subject proceeded to answer
the first four in a very rapid pace. She gave correct answers
although still writing the numbers in the same incorrect way,
even though she had seen a correct presentation in the Hi-fi
prototype.

She started by saying the entire number that was asked
for, then focuses on the thousands:

“It’s eight thousand four hundred ninety two, so I
take eight. And that’s the thousands.” [01:13]

The subject proceeded by pointing out all the numbers and
their connected form in a correct manner. This was repeated
in the second question.

In the third question she wrote “61thousand”. As in the
previous transferal test she still did not break the number in
two, following the correct pattern.

Regarding question five and six the subjects said:

“Now, it’s such tricky ones” [02:52]

She did however solve the two questions very rapidly rea-
ding out loud — she saw the pattern. Regarding the two last
questions, she solved these in a similar rapid pace. she did
however make a mistake — her only one — in question seven,
where she incorrectly indicated that 5996 is larger than 7112.
This most likely is due to carelessness, although she stuck
with her answer when asked to explain her thought process
regarding that question in specific. It is possible that the two
nines in the number make it stand out as larger than it actual-
ly is.
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5.4.3 Aspects Concerning the Transferal Test Questions

A consequent error in the subject’s presentation regarding the
expanded form is to be seen throughout the test, where she
writes “8thousand” rather than “8000”. The subject shows an
understanding of the concept of expanded form and gives
correct answers to principally all questions. However, her
correct answers are incorrectly presented. This might be due
to the lack of an initial example, showing how a correct an-
swer would look like. This said the subject self-reported that
she had some prior experience with expanded form and
should thus have a minimum exposure of the correct way to
write an answer.

It is interesting to notice that the subject switches her
strategy as early as between the first and the second question.
This indicates that she has some prior understanding to what
is being asked of her, since the second strategy is much clo-
ser to the correct one than the first. Answers are then given in
the same way in both of the tests.

The subject is much faster — about four times — after
using the prototype. This could be taken as an example that
the increased training at the task in the software transferred
to faster ways of finding solution in the follow up test. Ho-
wever such an interpretation is not supported by any act or
utterance during either training or testing phase. A significant
portion of the initial paper test is spent on trying to un-
derstand the question and form an answer (unintentionally
leaving the “learning” phase actually in the testing phase
itself), thus it is very likely that the decrease in time is caused
by the lack of additional solution finding effort second time
around.

5.4.4 Prototype Interaction

We could not observe any indication of the subject acting in
accordance with our hypothesis. This is due to the fact our
hypothesis mostly assume our Hi-fi prototype will have
fewer instances of some action, but since we do not have
anything as a baseline to compare with we cannot say anyt-
hing about it. However it is possible to analyze the general
interaction of the subject with the software still. We could not
observe any situation where the subject seemingly learned
from her mistake, indeed we could hardly detect any error at
all. The few errors occurred seemed to have happened as
result of flaw in the program or unintentionally pressing the
screen, none of which was sufficiently strong to make the
subject rethink her solution strategy used. While this general
success of the subject can be taken as an indication that our
software is sufficient in providing an intuitive exercise to the
user, this data will at best suggest that a user with an already
decent grasp of the solution strategy will be able to apply it.
It is therefore worth noting a subject with less prior confi-
dence in the area may react in a wholly different manner.

In the second step of the transferal test the subject com-
pleted eight exercises with the Hi-fi prototype. The subject
started to press both the arrows, indicating addition and sub-
traction, and dragged the money onto the desk. It is possible
the subject had a decent assumption of the upcoming task,
and indeed seemed to understand the desired goal state of the
task immediately. This can be taken as an indication that the-
re was successful transfer from the abstract mathematical
concept of expanded form to a digital problem solving scena-



rio. This was done before paying any attention to the specific
amount that was asked for:

“So I'm supposed to bring forth, so it becomes as
that?[pointing at the number in the question on the
screen]” [00:27]

After the initial test of both the arrows and the money, the
subject preferred to only use the arrows. Most likely this was
because she immediately understood the underlying concept
and choose the fastest way to present the correct solution.
The object manipulation was thus not necessary for her to
feel comfortable with in providing a solution. This interpreta-
tion is supported by the fact that she did use both money and
the arrows and thus knew that it was possible to use both.

The subject is able to use the arrows to indicate the
correct amount for the first question and reads the number
out loud. She then directly presses the ok-button which me-
ans that she understands its role.

She starts the next question in silence, presenting the
correct amount for each part of the expanded form. While
doing so she pauses and says the “form” out loud:

“Thousand, two hundred, eleven crowns”. [02:00]

Since the amount asked for — which she correctly presents —
is 7211, her formulation indicates that she first only acknow-
ledges that she has presented the thousands, rather than the
specific amount. She then switches and says the correct
amount, followed by presenting the two last forms together.

For the next question she reads the entire question out
loud. At this point the subject accidentally pressed the ok-
button which resulted in that she got feedback that there was
not enough money [02:51]. This made her stop, but she was
later able to continue to present the correct amount, pointing
out:

“I didn’t mean to press.” [03:01]

This only happened once which makes it seem less proble-
matic, than if it had happened more often in which case the
prototype reasonably should be re-designed to avoid similar
mishaps. As it were a single mistake does not seem to be
enough to indicate a genuine problem, especially since the
usage of the prototype, in this matter, went fine during the
rest of the test.

The subject reads the following question — not out loud —,
presents the correct amount of thousands using the arrows.
She then says the amount and the following out loud. This
pattern is then repeated for the following questions.

5.4.5 Aspects Concerning the Prototype

The subject does not change her strategy regarding her way
to present answers, after using the prototype. This can be
interpreted as that the prototype visualizes the numbers in an
insufficient manner. The subject ought to have no difficulty
in connecting the numbers with the correct way to present an
answer in expanded form. Future investigations should expe-
riment with how this is done in the most efficient way. The
saliency of the numbers may be unsufficient. Since the sub-
jects immediately start to work with the numbers, it is relati-
vely clear that she understands what the numbers indicates
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and that it is with the numbers she is expected to provide an
answer. However, the form of the numbers might not be
highlighted enough, or stand out in a way, that makes a sub-
ject connect the importance of this aspect. Since the subject
was able to efficiently use the prototype to give correct an-
swers, this lack of transferal from the prototype to the second
transferal test is to be seen as a failure in our prototype de-
sign, either in our lack of a sufficient introduction and/or in
the saliency of the numbers in the prototype.

Other aspects, such as the money and the arrows, indica-
ting the possibility to increase and decrease the amount, was
directly grasped and thus probably salient enough. In a simi-
lar manner the ok-button was understood without any see-
ming problems.

5.4.6 Contextual Aspects

The subject did the transferal test in her home, which is an
environment that ought to put the subject at ease. She could
take her time and focus on the test without being in any arti-
ficial environment. This might however lead both to that the
subject answers “better” since she is comfortable, or that she,
given the lax environment does not make the same effort as
she would in a school or laboratory setting. In other words a
sterner context might drive the governing epistemic standard
to a higher level where the subject would feel an increasing
pressure to do good (see, e.g., DeRose, 2009). This said the
subject, as previously mentioned, self-reported that she was
highly motivated, which can be interpreted that contextual
factors are less important in the way she views the situation.

One factor to be mentioned is that the subjects younger
sibling was present in the beginning of the test and offered
some extra “cognitive load” due to sounds and minor interac-
tions. This did not seem to affect the subject in any relevant
way, but ought to be mentioned.

5.4.7 Weaknesses and Strengths in the Test Design

The difficulty in obtaining test subjects proved to be a crucial
limitation for our test. While we wanted to investigate the
relationship of how strategies learned in software transfer to
other case, we were not illuminated at all on this point, since
the subjects were (from the perspective of our study) at a too
high level of understanding prior to the experiment. Ideally
we would have had several more participants and at least one
that lacked knowledge of the concept expanded form, but
nonetheless understood all the pre-requisite mathematical
concepts and had reading ability to be able to learn it. Such
an ideal subject is hard to find, and indeed would be best
found by cooperation with teachers who are knowledgeable
about their pupils’ math development.

A weakness in our test design is that by only focusing on
our Hi-fi prototype it is impossible to compare it with Qnod-
darnas Virld in any definite way. In an alternative test design
one group should do the test as in our present study while
another group did it but with Qnoddarnas Vérld instead of
our Hi-fi prototype. While inter-software comparison can be
done even on the same subject there is also a factor of in
which order the software is presented to the subject influen-
cing the result. Furthermore such a within individual compa-
rison would pose several difficulties in comparing transfer
test, since it is not possible to determine which strategy from
which domain get transferred to which task. Again this pro-



blem arises from the lack of total number of potential partici-
pants we could acquire. For future studies of effect of soft-
ware it is necessary to have a pool large enough to be able to
confidently compare differences between individual.

A potential source of problem for the analysis is the in-
formal test setting. While the subject’s home was chosen as
to recreate a natural environment this also lead to a number
of potentially influencing factors. The subject often sought
confirmation from the test leader, and thus while no explicit
information was given about her answer it might have nonet-
heless influenced her own judgment on if she was going the
right way in the process by implicit cues given by the test
leader.

Another influencing factor to the experiment was that our
Hi-fi prototype was lacking in several aspects mentioned in
the theory. We did not manage to implement a more thorough
visual feedback system like we wanted, but instead we were
restricted to a only slightly modified corrective feedback.
The scaffolding removal was not present to the extent desired
and thus was never called into action during the testing pha-
se. As such many of our theoretical predictions should not
have appeared even if our assumptions were true and our
testing sufficient. Furthermore it would have been ideal to
test not just one type of prototype since the problems arising
would expected to be different if task difference or type was
different.

A strength with our test design, and the focus on one sub-
ject, was that it made it possible to analyze the interaction in
depth.

Concluding Remarks

The “embodied mathematics”-approach has enabled us to
investigate the cognitive base surrounding ‘feedback’ in inte-
resting ways. Furthermore, the analysis of the existing educa-
tional software Qnoddarnas Virld has made it possible to
identify many key issues to work with, and from these we
have implement various improvements in prototypes. The
Lo-fi and Mid-fi prototypes are to be considered as preludes
to our Hi-fi prototype, which we tested in pilot studies. The
main result from the pilot studies is that strengths and weak-
nesses in our design were highlighted, which we aimed to
improve upon.

The final test done showed no indication either in support
or against our framework and its benefits. To do so, we will
need a larger number of participants at the appropriate level
of math knowledge and skill. With that said our framework
bases on previous research on mathematical education and
often specifically on digital softwares. That the implementa-
tion of all of those would yield no difference in the quality of
the product would be counter-intuitive. Pilot study 2 also
suggest educational software through ill-conceived design
can limit the user and hinder the learning experience. Further
studies should be conducted about the actual use of mathe-
matical software used in schools to seek valid design strate-
gies that can be used to improve existing products.
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Appendix I - Transferal Test Questions
Transferal Test Questions 1:

1) Write the number in expanded form:
2345 =

2) Write the number in expanded form:
4893 =

3) Write the number in expanded form:
19823 =

4) Write the number in expanded form:
303 =

5) Fill in the correct number:
9 23=9000+ 300 + 20 + 3

6) Fill in the correct number:
98 7=9000 + 800 + 7

7) Which expanded form is greater of “2000 + 700 + 90 + 8” and “4000 + 100 + 10 +2”?

8) Which expanded form is greater of “3 + 70 + 900 + 8000 and “5 + 10 + 100 +2000?

Transferal Test Questions 2:

1) Write the number in expanded form:
8492 =

2) Write the number in expanded form:
1763 =

3) Write the number in expanded form:
61893 =

4) Write the number in expanded form:
204 =

5) Fill in the correct number:
4 89 =4000 + 600 + 80 + 9

6) Fill in the correct number:
33 2=3000+ 300 + 2

7) Which expanded form is greater of “5000 + 900 + 90 + 6™ and “7000 + 100 + 10 +2”?

8) Which expanded form is greater of “2 + 40 + 900 + 3000 and “7 + 30 + 600 +2000”?
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Oculus Rift:
Virtual green environments for elderly

Alexander Badju, Elise Ellerstedt, John Larsson, Joel Olofsson

How would elderly people want a virtual environment to
look like? In the work that has lead to this article, we have
tried to map how elderly people should interact with a com-
puter and virtual reality, as well as investigate what they
would like to experience in a virtual world, aesthetically as
well as activity wise.

Our early user tests and interviews showed us that the
people, who wanted to try Oculus Rift, to a large extent, also
had previous computer knowledge and they were also curi-
ous to see and test virtual reality. The tests and interviews
concluded that test persons liked nature and the ocean, fur-
thermore they wanted to have an activity to do in the virtual
world.

The user tests that have been conducted have served the
purpose of mapping what elderly people prefer in virtual
reality, green environments or urban environments. 1o re-
ceive a result in this field, activity contra passiveness has
been explored. In the activity, the test persons have per-
formed a quiz walk. The whole test was done with a 2x2 test
model. Passive green environment, active green environ-
ment, passive urban environment and active urban environ-
ment are the four alternatives that have been tested and
evaluated. This test model was chosen through consolidation
and communication with Mattias Wallergdrd and Susanne
Frennert. The decision to have the same activity in both the
active environments was made when meeting with Matilda
Van Den Bosch at The Agricultural University of Sweden.

The concepts that were used to measure which environ-
ment is the most preferable are called awareness and cogni-
tive absorption, where awareness is the main concept. This
concept is a measurement of to what extent a human is
aware of “what” he/she is doing and “where” he/she is as
well as how prone the user is to use the system again. This is
one of the most important aspects since the point is to have
the elderly be in the virtual environment maybe a few times a
week to pass time and to activate themselves.

1 Introduction

Because of the medical prosperities of today and the near
future, the Earth’s population is getting even older. As a re-
sult, the shortage of personnel at homes for the elderly is
increasing. It is no longer self-evident with walks in the park
and time to spend in the garden. Many of the seniors get
isolated in their homes. Virtual green environments present-
ed with Oculus Rift are an alternative for the senior citizens
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who lack interaction with nature in their every-day life. The
revolutionizing technology is built with a small high-resolu-
tion screen, which is placed on your head like a pair of ski-
goggles. It is also known as a Head-mounted display
(HMD).

This generation with minimal computer experience is
however hard to motivate, that is at least what our early pilot
tests revealed. Therefore it is important that the environ-
ments and the activities captivate the users. In this article a
study is presented of what type of environments appeal to
elderly people, in what degree they are aware of their sur-
roundings when using Oculus Rift as well as how they expe-
rience wearing the equipment. However, what is most im-
portant for devoted and committed users, green environ-
ments or activity?

1.1 Objective

The purpose of this project is to develop virtual environ-
ments for Oculus Rift and investigate how elderly respond to
them. In earlier studies done by e.g. The Swedish University
of Agricultural Sciences, it has been proven that green reha-
bilitation and garden therapy have a positive impact on se-
niors’ health and wellbeing. Unfortunately many elders have
difficulties moving and therefore spend most parts of the
year indoors. In the future, green virtual environments will
hopefully become complementary for the senior citizens
who are not mobile enough to move outside without as-
sistance. An important factor is to make the environments
attractive enough for people to return to them, for a person
who is not used to computing and these types of devices, a
sort of personality change or openness to technology is
needed, which could prove to be a challenge. In this article
the aspects that needs to be considered when developing
environments aimed for seniors are presented.

1.2 Target group

The target group for our tests are older people around the
age of 55. They also need to have some computer experience
to be able to take part in the experiment. For future use how-
ever, as explained in /.1 Objective, the target group for end
consumers are people who are not able to be outdoors and
activate themselves for different reasons. This technology
will be developed to a higher level of sophistication by the



time today’s 55 year olds are older, retired and less mobile.
1.3 Restrictions

The project was limited to a few weeks and because of that
reason, the scope of development needed to be restricted.
Therefore, complete 3D environments where downloaded
from Unitys Asset Store (Unity is the program and devel-
opment environment we used) and additional functions were
then implemented by our team to fit the requirements of this
study.

After pilot-testings, performed in an early phase of the
project, at a rallying point for elderly it became evident that
today’s seniors with the average age of 75-80 had difficulties
navigating with computers, especially keyboards. Conse-
quently, the interaction possibilities in the environments in
this study are limited. This is considered to enhance their
experience, as they do not need to waste energy and become
frustrated when trying to move around single-handedly in
the virtual environment.

1.4 Method

The project started with recovering information from exist-
ing articles about research that was relevant to our study. It
gave us a steady ground and insight in the aspects that need-
ed to be considered when producing a study like this. At an
earlier stage of the project we visited The Swedish University
of Agricultural Sciences, situated in Alnarp, to meet with
Matilda Van Den Bosch who is a researcher in environmen-
tal psychology. She gave us feedback and tips that were
valuable for the continued development.

An initial user test was performed at a rallying point for
seniors where the users tested three different environments
with Oculus Rift. It became evident that the elderly had dif-
ficulties navigating with computers and therefore a younger
target group was chosen. At this point we also decided to
limit the user’s interaction possibilities as explained under
1.3 Restrictions.

After deciding the dependent variable awareness we de-
fined the qualifications to be tested. A 2x2 test design, con-
sisting of four different environments, was employed and
later used in the user tests with the purpose of pitting the
environments against each other. The environments were
downloaded and developed in Unity to satisfy our require-
ments on functionalities. The user tests were then performed
with twelve participants.

1.5 Scales and measuring method

We have chosen to use a six-point scale when grading our
interview questions. This is because we want the scale to
lean one way or another so when a participant chooses an
alternative, he or she is forced to say more than if the scale
would have been five-point scale. (Shaughnessy et al., 2010)

For analysing the data we have chosen mean instead of
mode and median. This is first and foremost because it is a
six-point scale system where mean is preferable before mode
and even median when the standard deviation is low.
(Shaughnessy et al., 2010)

2 Theories

2.1 Oculus rift and human eyesight

The most common way for humans to perceive and under-
stand the world around them is by observing it through vis-
ual perception.

There is a term called Binocular depth cues, which de-
fines different types of clues the human eye uses when ob-
serving the observable world. These clues could be the depth
or distance in a picture for example. Since our eyes are lo-
cated approximately six centimetres from each other, an ob-
ject that is closer than 30 meters from our eyes will appear
differently for the right and left eye respectively. E.g. hold
an object in front of your eyes and, close one eye at a time,
then do it in quick succession, you can see that it seems as if
the object shifts position, this is because the right and left
eye perceive the object from different angles. Binocular
depth cues define stereopsis whilst another term called
Monocular depth cues is the definition of a more accurate
distance estimation (Wallergard, Eriksson, Alce, 2013).

The Oculus Rift device has a screen for each eye and the
picture projected in each screen is projected in such a way
that the phenomenon described earlier with the shifting ob-
ject is eliminated. When looking through the Oculus Rift the
picture is calibrated so it looks real and accurate.

2.2 Activeness vs. Passiveness in virtual reality

The majority of tests and research done on activeness contra
passiveness in virtual reality has mostly been about how
efficient humans learn as well as how the memory is affected
through different types of experiments.

Figure 2. Back view of the Oculus Rift, the two eye
screens can be seen (Figure reference: http://en.wikipedi-
a.org/wiki/Oculus_Rift)


http://en.wikipedia.org/wiki/Oculus_Rift

In an experiment conducted by students at Université
René Descartes in Paris, human episodic memory in virtual
reality has been examined. Their experiments were based on
two people travelling in a car into a virtual town, which none
of them had seen before, the test persons had to remember
and recognize e.g. landmarks, monuments etc. One person in
the car was the driver (active person) and the other was a
passenger (passive person). Their results were as follows,
the passive passenger had a better overview of the town but
the active passenger could remember details in the environ-
ment as well as occurrences more thoroughly. Their conclu-
sion was that the test subjects remembered things and situa-
tions crucial for their given task (Gaén Plancher, Sylvain
Haupert, Valérie Gyselinck, Hubert Tardieu, Serge Nicolas
and Pascale Piolino, no date).

A number of researchers at ICREA-University in Bar-
celona have used Oculus Rift as distraction therapy at dentist
appointments. The researchers in this case examined activity
contra passivity regarding how patients experienced the
dentist appointment. The results showed that the test subjects
who were active in the virtual environment perceived the
experience as if they had more control, consciousness and
more pleasurable than the test subjects who were in the pass-
ive virtual environment (Tanja-Dijkstra K, Pahl S, White P.
M, Andrade J, Qian C, Bruce M, May J, Moles R. D,
2014).

2.3 Motion Sickness

Motion sickness has been a problem within the virtual reality
domain. Along the lines of Richard Yao et al. (2014) best
practice document there are a number of actions you can
take to prevent motion sickness. One of these is to imple-
ment an avatar for the player that casts a shadow. This helps
the player to get a sense of self-reflection and in that case
reduce motion sickness. Furthermore you should make the
speeds and acceleration at a pace that is not too fast, since it
might cause motion sickness for some people. Another thing
to think about when designing virtual worlds is heights. The
people that experience nausea when standing in high places
in the real world are likely to have the same problem in vir-
tual reality and that factor should therefore be taken in con-
sideration during development of virtual realities.

To avoid motion sickness it is also important that the
Oculus Rift is in good condition as well. Malfunctioning
gear is one common problem when working with virtual
reality. When the gear is not working properly, latency issues
and distortion could cause motion sickness. At last it is im-
portant to acknowledge experience as an important factor for
any virtual reality project. This factor can be divided in two
aspects, first the more experience a player has with virtual
reality the less is the risk that he or she experiences motion
sickness. This is the same as in general terms of experience
and the expectation of troubles. The second point of view of
experience is that too much is never good. If a player sits
with the HMD on for hours it is not a surprise that motion
sickness will be the end result. (Richard Yao et al. 2014)

2.4 Awareness

A great challenge for virtual reality developers is to attract
the user/consumer back to those environments. Goel et al.
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(2011) proposes a model that builds on predicting the users
intentions to return to a virtual world. The idea is that the
user perceives virtual reality as a place where he or she had
useful experiences (according to Theory of place Attach-
ment) and the quality of these experiences will influence the
users intention to return. The intentions to return to a virtual
reality are based on a state of deep commitment (cognitive
absorption) that the user experiences when they perform an
activity and in this immersed condition lose track of time.

Goel et al. (2011) developed a theory on cognitive ab-
sorption and how this state can be obtained, which proper-
ties in virtual reality that can contribute to increase the expe-
rience of awareness.

The users propensity to return to virtual reality is based
upon their emotional experience of the place they are in. The
users creates a “site sense” with the following questions
“where am 1?7, “what am I supposed to do?”.

Goel et al. (2011) assumes from Interactionist theory of
place attachment (ITPA) two related concepts underpinning
the theory is place and space. The space is an abstract phe-
nomenon without any personal experiences attached. When
the person has explored the space and realized what it con-
tains and what to do, the person then creates a value of the
space and then that becomes a place. A place is a space that
contains value, and the space transforms into a place when
the person has interacted with it. According to /TPA, virtual
reality is a mediated place that develops into a space through
the users sensory experience. Just like in the real world VR
(Virtual Reality) can create experiences that are equivalent
to the experiences emerged in the real world, with equally
high intensity. Studies in the field of Cognitive Neuroscience
have shown that the image of a chocolate bar activates the
same regions in the brain, as it was a real object. A place
represented in VR can provide both positive and negative
experiences, like in the real world (Goel et. Al 2011).

Awareness is a condition where a person processes
vague, general information received through sensory percep-
tion. Information about “what” and “where” as the person
becomes aware of consolidates, forming awareness. When a
meaning gets ascribed to such information, it can result in
both positive and negative experiences attributed to that in-
formation. There are three types of awareness Goel et. al.
(2011) takes into account, which determine the degree of
cognitive absorption.

Social awareness: The user’s perception of how he or
she should understand and interact with other characters in
VR. Social awareness is important because the meaningful-
ness of activities considered to be socially constructed.

Task awareness: concerns the interaction with object in
VR and the user’s perception of what should be done in VR
to achieve a given goal. Task awareness is defined as the
user’s perception of what has to be done in VR, based on
instructions, tools and actions of other characters. It may
involve series of activities to achieve a given goal.

Location awareness. concerns navigation in VR and by
definition the user’s perception of where the person is in
context of object in the VR and what activities are supposed
to be done there.
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Figure 3. Goel et al. (2011) p. 758

Agarwal and Karahanna (2000) have noted conceptual
similarities between the state of cognitive absorption and the
experience of flow from earlier studies. Both include ab-
sorbed attention during activities where users appear to en-
joy themselves intensely and are so involved in an activity
like nothing else seems to matter. Dimensions of flow in-
clude intense concentration, a sense of being in control, loss
of self-consciousness and a transformation of time.

In our study we are going to focus on the user’s time
perception and the experience of control besides Location
awareness, task awareness, Cognitive absorption and Inten-
tion to return since they seem to matter in relation to experi-
ence of cognitive absorption according to the framework
presented by Agarwal and Karahanna (2000).

2.4.1 Design guidelines to encourage location awareness
and task awareness in VR

Users in Virtual Reality get visual clues from their surround-
ings. The users attribute meaning to those visual clues based
on memories of interaction in similar environments. If a user
gets a clear idea of where he or she is located in the virtual
environment and can avoid redundant searches for places
and objects, it will have a positive effect on the experience
of immersion. To mark strategically important locations,
such as the entrance to important places will encourage the
experience of location awareness and have a positive effect
on the experience of immersion.

The successful interaction in VR depends upon how well
the users perceive the visual clues that are send by the ob-
jects. To achieve and facilitate task awareness the designers
can highlight certain aspects of the interaction, such as
putting up and aura around objects in VR that would provide
a strong indication of how it should be used.

2.5 Virtual reality with Oculus Rift and pain

Earlier in this article it was mentioned that scientists at the
ICREA-university in Barcelona used Oculus Rift as distrac-
tion therapy at the dentist in purpose to decrease the pain for
the patients. Oculus Rift was used as distraction tool in this
case. The patients shared their experience of reduced pain
through interviews and their stories were confirmed with the
heartbeat and blood pressure of the patients. This research
also showed that interactivity had a role along with a high
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level of consciousness in the virtual world, so called pres-
ence. The scientists came to the conclusion that not only did
Oculus Rift help momentarily for the patients but it also con-
tributed to a positive memory of the treatment. It was espe-
cially noticeable on the persons who had fear of dentists
(Tanja-Dijkstra K, Pahl S, White P. M, Andrade J, Qian C,
Bruce M, May J, Moles R. D, 2014).

2.6 Sound effects in virtual reality

Research examining the meaning and importance of adding
sound effects in virtual reality has shown that the experience
of realism can be increased through adding auditory modali-
ties to the virtual worlds (Annerstedt et. al., 2013). Other
studies show that nature sounds were recognized as pleasant
and sounds from e.g. a computer are recognized as unpleas-
ant. Bird song and the sound of pouring water were recog-
nized as the most pleasant sounds. Those sounds have been
used in stressful environments like surgical operations and
have demonstrated a relief of stress on the autonomy nerve
system (Annerstedt et al., 2013).

Annerstedt et al. (2013) has studied sound effects impact
in relation to stress reduction. The study had three different
conditions: virtual forest that incorporated sounds character-
istic for a forest, a virtual forest without any sound effects
and a control group without both. Virtual forest with sound
effects was the favourite and was taken for having the most
positive effects on stress reduction amongst the contenders.
The hypothesis was partly confirmed and it stated that sound
effects have increased the experience of realism.

2.7 Change the behaviour in people

Physical activity has shown to have great positive effects on
a person’s health. There are studies that have been done to
find ways to activate elderly people, since most of the elder-
ly population is stationary. One of the studies is called the
Steps-to health-system. The system uses a computer-animat-
ed coach to encourage the elders to exercise through walk-
ing. For the test, the seniors received a pedometer that mea-
sured the covered walked distance. The people in the control
group got a laptop with a touchscreen to use during the time
period of two months. The whole test group was followed
for the study during the duration of ten months. The control
group received the task to go online and discuss walking and
exercise with the virtual coach. The result showed that the
seniors were doing more exercise the first two months but
after that, they got more and more lazy and their activity
went down. This implementation was designed to increase
the activity amongst the elderly but it required more struc-
tural, personality and mind-set changes to increase the exer-
cising even more. (Paasche-Orlow, M., Silliman, R., Winter,
M., Cheng, D., Henault, L., Bickmore, T. 2012)

2.8 Garden therapy

The first studies about garden therapy were presented in
1984. Roger Ulrich at the university of Texas in the US
made a study where patients who were recently operated got
a view over a park or a brick wall. The patients with the
view over a park healed quicker than the patients who only



watched a brick wall. The patients did not receive any physi-
cal activity or fresh air, just watching the nature made them
heal faster. The patients only viewing the brick wall did not
feel as if they were located in a calm resting place.

Table 1.

Calmness, silence and signs of care.
The sound of wind, water, birds, in-
sects. No litter, no weeds, lack of dis-
turbing people. In buildings a peaceful
feeling can be experienced in church-
es.

1. Peacefulness

2. Nature Fascination of wild nature. Plants
appear to have been growing natural-
ly. Stones have natural moss growing
on top of them. They are not created
by any human but by a higher power,

so to speak.

3. Richness of In this dimension you can experience

species the richness of different species, ani-
mal life as well as plant life.

4. Space The place/space offers a calm feeling
and a feeling of entering a new and
different world.

5. Openness A quality, which offers a view as well

as spontaneous activities. E.g. a green
field, which invites people to sit down.

A safe and sound place, a shelter of
sorts. A secret oasis where you can be
yourself but at the same time experi-
ment and have fun.

6. Protection

7. Social A social arena, a meeting point for
pleasant hangouts, such as parties.
8. Culture A place that offers fascination of peo-

ples values, sacrifices, hard work and
experiences. This dimension should
also include historical elements, such
as an ability to reminisce about old
times.

Research showed that people feel calm and safe when
sitting at a small height with view over a bright nature site
with sparse tree vegetation and water in the background.
Ulrich's (1984) theory goes back to the Stone Age. It was
then preferable to live and have a residence near food and
water with a view over the surroundings. (Grahn P, Ottosson
A, 2010, page 58)

2.8.1 Grahns eight perceived dimensions

Per Grahn has conducted research on green areas in cities
and has done a scientific study together with Ulrika Stigs-
dotter on 2000 randomly chosen swedes. As a conclusion
Grahn stated “Each individual in a green environment has a
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need to find meaning and purpose to help them in their situa-
tions and this occurs in an interaction between human and
nature”. Grahn found that people gravitated towards green
environments to experience some qualities or dimensions
only a green environment could offer. Here follows Grahn's
eight dimensions (Grahn P, Ottosson A, 2010, page 67, 68).

3 User tests

Experimental design

In our study, 2x2 design is applied with four different condi-
tions. The dependent variable is the experience of aware-
ness, which in turn is divided into subcategories such as,
location awareness task awareness, the control experience,
cognitive absorption, intention to return and motion sickness
that we believe has substantial effect on the other subcate-
gories and the holistic experience of Cognitive absorption.
The measurable four conditions are passive urban environ-
ment, active urban environment, passive green environment
and active green environment.

An important factor that has influenced the design of our
experiment is the experience of motion sickness and dizzi-
ness that are common consequences when using Oculus Rift.
For that reason, we chose to not present all four virtual envi-
ronments to each one of our participants since the risk of
motion sickness and other discomfort increases the longer
Oculus Rift is worn by the participants. Instead of within
subject design where participants go through all the condi-
tions we will choose between subjects design. Each partici-
pant will go through two of the total four virtual worlds.

The formations of Experiment design:

The dependent variable: Awareness

Location awareness, task awareness, the control experi-
ence, cognitive absorption and Intention to return were sub-
categories to awareness that were measured with a 6 point
scale (where 1 represented “totally disagree” and 6  totally
agree”). Those subcategories were taken from the studies of

Goel et. al. (2011) and Agarwal & Karahanna (2000) and
compose a mixture from the two studies, to get as clear pic-
ture of Cognitive absorption as possible.

Another important feature in the context of user experi-
ence was measured, the experience of motion sickness, also
with a six point scale.

Each subcategory had 2-3 question related to the partici-
pant’s experience of the certain aspect of the virtual envi-
ronment. Questions aimed to answer location awareness for
example contained the following questions: “I was conscious
of elements I passed by in the virtual environment”, “I was
curious about objects in the virtual environment”. Questions
aimed to analyse cognitive absorption contained following
questions: “Time appeared to go by quickly when I was
passing through the virtual environment” “ I lost track of
time when [ was going through the virtual environment”.

The full form is available as an attached document.
Questions 1-3 are aimed to analyse Location awareness, 4-5
Task awareness, 6-7 The Control experience, 8-9 Cognitive
absorption, 10-12 Intention to return, 13-15 Motion sickness.



The independent variables: A: Urban passive environ-
ment, B: Urban active environment, C: Passive green envi-
ronment, D: Active green environment

The design contains independent variables with the op-
portunity to obtain following results according to Borg and
Westerlund (2006, pp 281-286):

* We looked for a main effect of the green environment /
urban environment. The degree of perceived awareness has
to do with what kind of environment participants encounter
(the expected result is that the green environment would be
preferred by participants).

* We looked for a main effect of passivity / activity. The
degree of perceived awareness has to do with whether there
is an activity in the virtual environment.

* We looked for an interaction effect between the envi-
ronment and the activity / passivity (The expected result was
that active green environment would be outstanding in rela-
tion to experienced awareness in contrary to the three other
tested environments).

3.1 Test structure
The test was performed in three subsequent phases:

1) Participants received a presentation of Oculus Rift and
got informed that the University of Lund was making a study
to evaluate if the technology can be used by people aged 55+
in the future (and not just people under 30 who are the cur-
rent users). The goal of the study was to evaluate how partic-
ipants react to the new technology and identify their needs
and preferences. The participants were withheld from the
actual purpose of the experiment in order to provide as ob-
jective answers as possible. Participants were informed that
their participation was entirely voluntary and that they could
interrupt at any time if they experienced discomfort in any
way. Participants were informed in advance what kind of
environments they were going to encounter and how they
could interact with the virtual environment (by pushing any
button on the keyboard and looking around).

2) Participants encountered a virtual environment and
answered a questionnaire after each tested environment.
When they had participated in both virtual environments,
participants answered a questionnaire designed to compare
the both environments.

Table 2.

Participant 1: A+B Participant 2: A+C

Participant 3: A+D Participant 4: B+A

Participant 5: B+C Participant 6: B +D

Participant 7: C+A Participant 8: C+B

Participant 9: C+D Participant 10: D+A

Participant 11: D+B Participant 12: D+C
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3) The participants got debriefed, thanked for their par-
ticipation and informed that they can get information about
the result of the study in the future if they wish.

A semi-structured interview method was used in the
study, and the questions were read to the participants by test-
leaders. We had chosen to use a six-point grading scale for
our interview questions in order to get the answer that leans
to one side or the other.

The semi-structured interview method included follow-
up questions where participants could elaborate their an-
swers and not be bound to a 6-point scale if they wished to
comment on any aspects of a tested virtual environment.

The tests took place in a small soundproof room with
only the participant and test-leaders present. The partici-
pant’s answers have been written down by test-leaders, and
the participants were filmed while they encountered the vir-
tual environments.

Besides questionnaires we also applied an observation
template, which aimed to track the participant’s head move-
ments in order to see if they grasped the Oculus Rifi technol-
ogy or if they would perceive it as a regular screen and not
look around.

3.1.1 Predictions

Our predictions for this study is accordingly to earlier stated
theories from Tanja-Dijkstra et al. (2014) about activity and
passivity to think the most chosen environment should be an
active environment since activity is preferable to passivity.
Accordingly to Ulrich (1984) green environments are pre-
ferred over urban environments for recreational activity,
which is something we want the elderly to do when they are
experience our virtual worlds.

4 Results and analysis

4.1 Environments

4.1.1 Activeness vs. Passiveness in green-and urban virtual
environments

The purpose of our initial pilot studies was to compare ac-
tiveness and passiveness in a virtual environment in order to
get an understanding of what the elderly in our target group
would prefer. The results of the initial pilot studies showed
that the people in our target group would rather have an ac-
tivity in their virtual environments than being passive. As
explained earlier in this article our final tests were done
comparing an active green environment, a passive green
environment, an active urban environment and a passive
urban environment to see which of the four types the test
subjects preferred. The urban environment was represented
by a Japanese city and the green environment was a tropical
island. The tropical island was chosen for its natural and
realistic look, it fulfils some of Grahn’s (2010) eight dimen-
sions. Peacefulness through bird sounds and other natural
sounds, the Nature-dimension through the detailed portrayed
nature (trees, grass, rocks etc.). The Space-dimension is rep-
resented by simply entering a tropical island environment
from previously being in a normal room, Profection is expe-
rienced since the virtual environment is an oasis of sorts and



a room and a place where you can let your fantasy run free.
The Richness of species- is also fulfilled thanks to birds fly-
ing around as well as many different plants and trees.

4.1.2 The active environments

The activity chosen for the active virtual environments was a
so-called “quiz walk”. A quiz walk is an activity where a
person moves along a given path and at certain locations on
the path there are quiz questions, which the person first reads
and then answers. The setup of a quiz question is as follows,
first there is a number indicating which question the person
has arrived at. Then the question is presented, which the
person first reads, when answering the question there are
three alternatives to choose from. The alternatives are num-
bered /., X, 2.. The person then proceeds with answering the
question by marking e.g. a 2. on e.g. question number five.
When the question has been answered, the person continues
on the given path heading to the next question where he/she
repeats the same process.

Fréga 5. (5/5):

Hur ménga drottningar
finns det normalt i

en bikupa?

1.3 st

X. 18 st

2. 1st

Figure 4. An example of a question from the quiz walk
(in Swedish).

Figure 5. The blue line is the path the user travels along
in the active green environment.

=
==
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Figure 6. The green box surrounding the question (in the
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green environment) is the zone described in the text above.

In our active virtual environments the quiz walk is quite
similar to a real one, the difference is that the people do not
walk along the path themselves. Instead we programmed the
environments in such a way that the person is still but moves
along the predefined path automatically, the metaphor we
use is that the person is sitting in a wagon on a rail. Since the
user rides along the path the location awareness-variable
may suffer, but task awareness is tested to a larger extent
because of the quiz activity. Experience tells us that people
get very involved and focused when quizzing.

When the person is moving along the path, he or she
will encounter the quiz questions, which are placed within
an even distance of each other. There are five questions in
total for each active environment. When the person is mov-
ing along the path and a question appears, the question can
be seen from a distance to avoid startling the person with an
unexpected pop-up window, the person stops automatically
in front of the question so that the person can read and an-
swer. When answering the question, the test person simply
said what alternative he or she believed to be correct for that
particular question and we wrote it down. The question has a
zone surrounding it, which recognizes when an object enters
the zone and then proceeds to stop that object in its path in
front of the question, within reading distance.

4.1.3 The passive environments

The environments which are passive are designed in such a
way that the users travel on the same predefined path as in
the active environments, the difference lies in the users not
taking part in the quiz walk activity. The user can still look
around in the environment and listen to the sounds surround-
ing him or her.

The reason for the user just being able to ride along the
path and not being able to walk around by him-/herself is
because it is important that the environments, as well as the
interaction differences between the different environments,
are as similar as possible to avoid distorted results in the
final user tests.

4.1.4 Sound effects

Both the green and urban environments had sound effects
incorporated to increase the vividness and realism of the
virtual environments. As Grahn (2010) explains in his eight
perceived dimensions and his first dimension, peacefulness,
nature sounds are soothing and that they are an important
part of a persons experience in a green environment. The
green environment (the tropical island) had typical jungle
sounds such as, bird song, the sound of the wind, crickets
and other insect sounds. The urban environments sound ef-
fects were mostly based on car sounds and general traffic
noise that could be heard from a distance.

4.2 Results

This summary portrait the preferences of twelve users (10
women and 2 men of age 55-65) in the context of a second
environment that was tested at the same time. We have taken
into account the observation template we created:



10.

11.

12.

Chose active urban environment before the passive
urban environment. The participant preferred to have
an activity before not having one. The trip in the passi-
ve urban environment felt like going on a bus where
the driver did not know where he was driving. The quiz
was perceived as a fun and interesting activity.

Passive green environment was chosen before the pas-
sive urban environment since the participant apprecia-
ted the green environment before the urban environ-
ment.

The passive urban environment was chosen before the
active green environment since the participant percei-
ved herself as a “city person” and did not appreciate
nature. She did not appreciate the passive urban envi-
ronment much either, since the route was way to swin-
gy and she was frequently commenting on driving on
the wrong side of the road.

Active urban environment was chosen before the pas-
sive urban environment since the participant apprecia-
ted the activity more than the passive environment. The
time went by much faster when there was an activity in
the virtual environment.

The participant chose active urban environment before
the passive green environment since she appreciated
the quiz, which was more stimulating. Although she
appreciated the passive green environment and thought
it would be better for a recreation purposes.

The participant preferred the active green environment
before the urban active environment. She enjoyed the
tasks performed in the virtual environments, but consi-
dered the urban environment as boring. The participant
has always preferred the nature before urban environ-
ments in her life.

The participant preferred the active green environment
before passive urban environment, since it was more
entertaining to do a quiz than not doing one. The parti-
cipant also preferred the tropical environment before
the urban environment, which he perceived as extre-
mely boring.

The participant preferred the active urban environment
before the passive urban environment - since she liked
the quiz but perceived the green environment as most
pleasant. She wished she could have done the quiz in a
green environment instead.

The participant preferred the active green environment
before the passive green environment. It was more en-
tertaining to do a quiz that “just runs along the track”.
The nature experience more prominent in the passive
environment thought.

The participant chose the green active environment
before the passive urban environment. She did not
mention the activity, but preferred the green environ-
ment.

The participant had to interrupt the test halfway, since
she experienced motion sickness and did not want to
continue.

The participant preferred the passive green environ-
ment before the active green environment since she
preferred to look around and contemplate the nature
and the quiz was in the way of that experience.
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Table 3. A: Urban passive environment, B: Urban active
environment, C: Passive green environment, D: Active
green environment. The preferred environments are marked
in bold type, e.g. active urban environment (B) was pre-
ferred by Participant 1 before passive urban environment

(A).

Participant 1: A+B

Participant 2: A+C

Participant 3: A+D

Participant 4: B+A

Participant 5: B+C

Participant 6: B +D

Participant 7: C+A

Participant 8: C+B

Participant 9: C+D

Participant 10: D+A

Participant 11: X

Participant 12: D+C

Figure 7 summarizes the participant’s preferences of vir-
tual environments in relation to the other tested environment.

Passive Urban Environment

W preferred by part.
B Repulsed by
participants

Active Urban Environment

W Preferred by part.
B  Repulsed by part.

Passive Green Environment

W prefered by part.
W Repulsed by part

Active Green Environment

Figure 7. The Pie-charts above summarize the partici-

W preferred by part.
W Repulsed by part.

pant’s choices of environments




Participants preferred the passive green environment
least, one of totally six chose the passive urban environment
before another environment. The other three environments:
active urban environment, passive green environment and
active green environment received the same “score”.

4.2.1 Diagram results

Below the diagrams for the dependent variable are present-
ed. Seriel = Passive Urban Environment, Serie2 = Active
Urban Environment, Serie3 = Passive Green Environment
and Serie4 = Active Green Environment.
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4.2.1 Passive Urban Environment

The study showed that the five indicators of awareness in
passive urban environment did not distinguish themselves
substantially from indicators in other environments. The
experience of motion sickness was least substantial in pas-
sive urban environment. The participants preferred this envi-
ronment the least, only one out of six participants chose this
environment before another. Participants did not choose this
environment mentioned following reasons: the trip felt like
going on a buss where the driver did not know where he was
going, active environment was more appealing and it felt
extremely boring comparing to the environment with an ac-
tivity.



4.2.2 Active Urban Environment

The diagrams show that Awareness levels for the different
environments was not very distinguishable. The levels Cog-
nitive Absorption did though distinguish itself compared to
the others with a lower mark. Amongst the participants this
environment was chosen three out of five times. The times it
got chosen was against passive urban environment two times
and at one occasion passive green environment. The reason
the participants chose this environment was because they
preferred to have an activity before not having one. They
also felt like the time went by faster when having an activity
than not having one.

The active urban environment was compared with pas-
sive green environment on two occasions, the first time the
active urban environment was chosen before the passive
green environment since the participant enjoyed the activity,
but wished she could do the quiz in a green environment
instead. At one occasion passive green environment was
turned down due the participants felt the quiz did the active
urban environment more stimulating.

In the cases where the active urban environment was
turned down it was compared to active green environment
the participants preferred the green environment since she
preferred nature before the urban environment.

4.2.3 Passive Green Environment

It received higher levels of Awareness in the tests for passive
green environment in form of Jocation awareness. Motion
sickness was higher in the case of passive green environment
compared to the two urban environments. Intention to return
also received the biggest score, but surprisingly received the
lowest score on control experience.

Passive green environment was chosen four out of six
occasions. The two times it was deselected were against the
active green environment - the participant enjoyed the activi-
ty and at one occasion against the active urban environment,
since the quiz was more appealing than passive participation.

This environment was preferred before passive urban
environment at two occasions, since nature was more ap-
pealing. One of the participants preferred passive green en-
vironment before active green environment since she pre-
ferred to look around and contemplate the nature and the
quiz was in the way of that experience.

At one occasion it was chosen before active green envi-
ronment - the nature experience was more appealing than
quiz.

4.2.4 Active Green Environment

The levels of Awareness were significant higher in the case
of task awareness. Cognitive absorption was the highest
score in test by a little compared to the others. Motion sick-
ness for the active green environment was the highest score
in the test, almost double the score of passive green who had
the lowest score.

The active green environment was chosen in three out of
five occasions.

The times it did not get chosen was against passive urban
environment and passive green environment this due to, in
the former case, the participant saw herself as a city person
and did not appreciate nature. In the later case the person
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thought it was more enjoyable to sit back and contemplate
nature then do an activity in it.

Two out of three times it was chosen due to its activity
and at one occasion the participant only mentioned the green
environment (and omitted the activity) when it was com-
pared to the passive urban environment.

4.3 Analysis

Active environments have been set against passive environ-
ments at eight occasions during the study. At five of these
occasions active environments were chosen before passive
environments. Urban environments were set against green
environments on seven occasions. The green environments
were chosen before the urban environments at six out of
seven occasions.

On two occasions when active environments were set
against each other (D+B) - the green active and urban active
environments were chosen one time each. On two occasions
when passive environments were compared to one another
(A+C) - the passive urban and the passive green environ-
ments were chosen one time each.

We had four cases of shortfall in our study, the partici-
pant could not proceed at one occasion because of motion
sickness.

At other three occasions the participant’s glasses could
not fit in the Oculus Rift.

The results of this study make it hard to draw any sub-
stantial conclusions. None of the virtual environments
showed any significant differences in all awareness subcate-
gories.

It is not possible to draw any clear conclusions from the
collected data, the passive urban environment distinguished
from the other environments and was chosen last by partici-
pants. The active green environment was favoured before
urban environment at five out of eight occasions and green
environments were favoured before urban environments at
five out of six occasions - giving a vague indicator that ac-
tivity and green environments are more favoured.

Our first hypothesis that green environments impact
more heavily in awareness confirmed partly (not due aware-
ness indicators that were similar in other three environment),
the users chose the urban passive environment one out of six
occasions. An interaction effect was spotted in the active
urban environment, activity in urban environment had a pos-
itive effect on user's preferences. Our second hypothesis that
active environments would impact more heavily on aware-
ness than passive environments could not be confirmed by
the data.

One more aspect of the tests is that there might be an
interaction effect in the active environments compared to the
passive. This is due the task that is present in the former
environments. This is something added to those environ-
ments that make the participants return and creates a value
of it own. This is evident when comparing active urban envi-
ronment to the passive urban environment. With activity the
active urban environment gets the same number of selections
as preferable environment as the two green environments
and thereof is comparable to those two.

The green environments compared to the urban environ-
ments had more terrain, which was to its disadvantage. We
figure this to contribute quite greatly to motion sickness and
this is also confirmed by our collected data. There are no



other evident factors that contributed to the higher motion
sickness values in the green environments as we see it. For
future studies this would be something to consider since
anything that can contribute to a lower expectation of motion
sickness is favourable compared not to.

5 Work process in the development phase

Working and developing the virtual environments in the de-
veloping program Unity for the Oculus Rift was not always
pleasurable. For a person without any previous experience
with Unity the most difficult part was to learn and under-
stand what all the different tools and functions did and what
possibilities and or restrictions the program had. Since we
used virtual environments that were already “made” we had
to learn and understand those environments before modify-
ing and altering them to our own specifications. We had a
few problems with especially the urban environment since it
was very large and the fact that it had so many functionali-
ties built in. We could not simply remove elements from it as
we pleased, first we had to assess that the elements we want-
ed to remove did not have crucial functional connections to
the parts of the environment we wanted to keep. This
process took a bit of time and was a bit frustrating when the
camera view in the environment did not always cooperate in
the way we wanted.

The work process involved a whole lot of searching on
the web for what you were looking for. Furthermore since
time was scarce, there was always a feeling of stress and
pressure in the back of our heads, questioning if we were
going to make the deadline since we were such novices
working with Unity. After a few days of hard work and late
hours, we started to understand more and more and things
got clearer. A key factor was the way we learned to search
the web, to know which keywords to use for maximum
search results. Lars Thern, an acquaintance of ours and
someone with a lot of Unity knowledge helped us when we
needed it, he was a great asset for us to have, especially in
the beginning of the development process.

After we had developed the environments it was a bit of
a hassle to make the environments sync with the Oculus Rift.
E.g. initially we used gui windows for the questions in our
quiz walk when developing in Unity without encountering
any problems at all. However, we were quite surprised when
we plugged in the Oculus Rift that they did not work. This
was very frustrating for us, how were we supposed to know
that you can develop things in the development environment
but later when using the Oculus Rift it would stop working.
Luckily, we were a bit ahead of our decided deadline so we
solved the problem rather quickly. There were always these
little problems appearing during the development process,
which seemed so unnecessary and they made us quite frus-
trated from time to time since we felt we were doing every-
thing right but it still would not work.

6 Discussions

There were some problems with our tests regarding the
number of participants. It was quite low. The study got the
minimum number of participants to test every number of
combinations but not any more than that. This might be a
problem for the study to really say something. The result we
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got might have been completely different if we had more
participants. Trends that we did not notice in this study
might have become evident if you did more tests or the re-
sults we got might have been misleading. So more testing
should therefore be performed in future studies.

Another problem with the study is that none of the par-
ticipants had tried Oculus Rift before. This might mislead the
results in a way that the first environments got chosen more
often than the second one due to the news value. One way to
take away this effect is to make the participants start the test
with a short introduction to Oculus Rift with a different envi-
ronment than those later to be tested.

The experience of Local Awareness, Task Awareness
and Cognitive Absorption got high results among partici-
pants, while the experience of control and the intention to
return got lower result. The holistic experience of awareness
and Cognitive absorption was high in all environments. Pos-
sibly, the outcome would have been different if the partici-
pants got to spend longer periods in each environment e.g.
10 instead of 5 minutes. The difference between the active
and passive environment would possibly be more apparent.

Urban environments were very flat with asphalt surface,
while the natural environment was much more hilly and pro-
vided more discomfort and motion sickness in our partici-
pants. Users experienced more motion sickness and less con-
trol in the green environments. The uneven surface may
have had a major impact on the experience. Two more simi-
lar environments (flat both) could possibly have had a dif-
ferent effect on the participant’s experience.

Test sessions for each environment was relatively short,
5 minutes each.

In the active environments, the participants could not
take in the surroundings in the same way as in the passive
environments, one of the participants commented that the
quiz was in focus and the environment ended up in the pe-
riphery. We believe that an extension of a test time to 10
minutes, where the distance was twice as far between ques-
tions would give users a different perspective on the envi-
ronments.

One conclusion that can be drawn from our study in
relation to motion sickness is that Oculus Rift still has not
reached its peak in terms of development and that the de-
signers should invest in flat environments with minor ups
and downs to create as comfortable experience for elderly
users as possible.

7 Conclusions

There were no significant differences between the virtual
environments in our study in terms of Awareness and Cogni-
tive absorption. Our first hypothesis that green environment
would be preferred before the urban environments was con-
firmed by the study. Our second hypothesis about activ ty
would be more appreciated in relation to passivity was not
confirmed. An interaction effect was discovered in the active
urban environment between activity and environment. Our
third hypothesis about interaction effect should occur in the
active green environment did not come true. More studies
have to be conducted with greater numbers of participants
and carefully designed tracks that minimizing the effect of
Oculus Rift and Motion sickness. The time spent within each
environment should be increased slightly for users to be able



to appreciate both the nature and activity, consequently this
will expand differentiation between passive and active envi-
ronments.
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Appendix

Frageformulér

Fraga 1, Jag var medveten om omgvningen och dess element nér jag fardades genom den virtuella viarlden

1, Instdmmer inte alls

2, Instimmer inte

3, Instdimmer tveksamt

4, Instdimmer 1 liten utstrackning
5, Instdmmer till viss del

6, Instimmer helt

Fraga 2, Jag sag element i omgivningen som jag ville ta en ndrmare titt pa
1, Instimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instdimmer i liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Fraga 3, Jag var nyfiken pa objekt i min omgivning
1, Instdimmer inte alls

2, Instimmer inte

3, Instdimmer tveksamt

4, Instdimmer 1 liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Fraga 4, Jag visste vad jag skulle gora i den virtuella vérlden?
1, Instimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt
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4, Instdimmer 1 liten utstrackning
5, Instammer till viss del
6, Instimmer helt

Fraga 5, Gav objekt i den virtuella vérlden mig ledtradar som indikerade hur jag
skulle genomfora uppgiften?

1, Instdimmer inte alls

2, Instimmer inte

3, Instdimmer tveksamt

4, Instdmmer 1 liten utstrackning

5, Instdimmer till viss del

6, Instimmer helt

Fraga 6, Jag kidnde upplevelse av kontroll nir jag befann mig i den virtuella varlden
1, Instdmmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instdmmer 1 liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Fraga 7, Jag avklarade uppgiften pa egen hand och behdvde ingen hjélp fran testledarna
1, Instimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instdmmer 1 liten utstrackning

5, Instimmer till viss del

6, Instimmer helt

Fraga 8, Jag tappade bort tidsuppfattning medan jag befann mig i den virtuella vérlden
1, Instdmmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt
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4, Instammer 1 liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Fraga 9, Tiden gick vildigt snabbt nir jag befann mig i den virtuella vérlden
1, Instimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instdimmer i liten utstrackning

5, Instdimmer till viss del

6, Instimmer helt

Fraga 10, Jag tyckte det var kul att vistas i den virtuella vérlden
1, Instdimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instammer 1 liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Fraga 11, Jag skulle gérna vilja ha Oculus Rift med virtuella miljoer hemma och anvianda
den 1 min vardag i underhallningssyften

1, Instdimmer inte alls

2, Instimmer inte

3, Instimmer tveksamt

4, Instammer 1 liten utstrackning

5, Instimmer till viss del

6, Instimmer helt

Fraga 12, Jag var engagerad i aktiviteten i den virtuella vérlden
1, Instdmmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt
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4, Instammer 1 liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Fréga 13, Jag upplevde &ksjuka under mitt besok i den virtuella virlden
1, Instimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instdimmer i liten utstrackning

5, Instdimmer till viss del

6, Instimmer helt

Fraga 14, Jag upplevde yrsel nér jag befann mig i den virtuella varlden
1, Instdimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instammer 1 liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Fraga 15, Jag upplevde att det var anstrdngande for 6gonen nir jag befann mig i den virtuella vérlden
1, Instimmer inte alls

2, Instdmmer inte

3, Instimmer tveksamt

4, Instdimmer 1 liten utstrackning

5, Instammer till viss del

6, Instimmer helt

Jamforelse av virtuella varldar

Fraga 1, Vilken virtuella milj6 foredrar du utifrdn de miljoer som du har testat?

Fraga 2, Vilken milj6 upplevde du var roligast och mest intressant?

Friga 3, Foredrar du att ha en aktivitet i den virtuella miljon kontra att inte ha det?

Fraga 4, Hade du velat komma tillbaka till ndgon av de virtuella miljoerna?

Fraga 5, Viken av miljoerna hade du valt att komma tillbaka till utav de tva som du har testat?
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Huvudsyftet med detta arbete var att ta fram en prototyp till
ett digitalt ldromedel med relativt sett mer vilutvecklad feed-
back och undersoka om barn dd ldttare tar till sig ett materi-
al. Ett ytterligare syfte var att prototypen skulle utnyttja det
digitala mediet i hogre grad dn vad som generellt gors i digi-
tala ldromedel. Qnoddarnas vdrld, fran Natur och kultur, var
det digitala ldromedel vi utgick ifrdn, och efter en analys
valdes tva uppgifter for drskurs tva ut att fungera som grund
for prototypen och som jdamforelsematerial i anvindartestet.
Anvindartestet gjordes pad en skola i Lund med tjugo elever i
drskurs ett, som delades upp i tvd gdnger fyra grupper och
fick testa varsin uppgift (Onoddarnas virld Hallon 1.2, Hal-
lon 5.2 eller prototypmotsvarigheten pd uppgifien) for att
ddrefter byta plats med gruppen som gjort motsvarande typ
av uppgift. Avslutningsvis foljde en semistrukturerad intervju.
Féljande skillnader upptrddde. Eleverna var mer positivt
instdllda till prototypen dn Qnoddarnas vérld. De upplevde
ocksa svdrighetsgraden i olika uppgifter som mer likartad i
prototypen medan de upplevde motsvarande uppgifter i
Onoddarnas virld som antingen for ldtta eller for svara. 1
bada fallen var det sa att ndr eleverna forstdtt en uppgift,
inte nodvindigtvis matematiskt men interaktionsmdssigt, gick
det snabbare och det krdvdes mindre hjdlp frdn testledarna.
Samtliga elever behovde muntliga instruktioner och var, en-
ligt testledarnas bedomning, littdistraherade. Detta kan del-
vis bero pd att uppgifterna eleverna — fran drskurs 1 — fick dr
avsedda for drskurs tvd, men vi drar ocksd slutsatsen att
digitala ldromedel for yngre barn inte bor byggas med tan-
ken att barn bara ska sdttas framfor det och lyssna pd in-
struktionerna och borja ldra sig. En del av den informativa
feedbacken som gavs i vdr prototyp togs inte in av eleverna
utan de fragade istdllet testledaren. Inslagen av konsekvens-
feedback i prototypen fungerade dock bdttre. Eleverna lyc-
kades l6sa problem med hjdilp av denna i stérre utstrdckning
dn med den informativa feedbacken.

1 Syfte

Syftet med projektet ar att finna alternativ till den feedback
som idag ges i digitala lairomedel. De liromedel som i dag &r
i majoritet pa den digitala marknaden innehéller generellt
undermalig feedback, vanligen inget annat dn enkel ratt/fel-
feedback, vilket dr helt pa sin plats i ett testverktyg men inte i
ett ldrverktyg. Begreppet “bok pa burk” anvinds ofta for att
beskriva dessa ldromedel d& de i stor utstrdckning bara
fungerar som en digital version av en ldrobok. I detta projekt
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har vi sokt ta fram alternativa exempel dér det digitala medi-
et utnyttjas till sin helhet och dér feedbacken anpassas efter
anvdndarens handlingar, speciellt vilka slags fel som gors
och hur ménga.

2 Introduktion

Projektet feedback for 2000-talet har utgatt fran ett digitalt
laromedel som heter Qnoddarnas Varld och som avses tdcka
svenska och matematik i arskurs ett till tre. Laromedlet
beskrivs enligt hemsidan som heltickande och fyllt med
“specialdesignat, riktigt bra och pedagogiskt innehall!”. Qn-
oddarnas Virld ar utvecklat for att anvéndas pa iPad.[10] Vi
har i vért projekt utgatt fran uppgifter som idag finns i Qn-
oddarnas Virld, analyserat dem med avseende pé feedback
samt tagit fram forbéttrade alternativ. Avslutningsvis genom-
fordes ett anvindartest med ursprungsuppgifterna samt véra
alternativa versioner, implementerade i en prototyp.
Uppgifterna dr anpassade for arskurs tva, men vi valde att
genomfora studien med elever i arskurs ett sé att inte forkun-
skaperna i matematik skulle bli avgdrande for resultatet. Med
andra ord ville vi undvika en takeffekt, dér for méanga barn
skulle tycka att uppgifterna var for enkla och klara dem
oavsett vilket stod som gavs eller inte gavs.

Bakgrund

De senaste aren har det blivit allt vanligare att anvidnda iPads
i skolundervisningen. Till dessa har det utvecklats en stor
mingd digitala laromedel. Applikationerna utvecklas antin-
gen som ett komplement eller som en erséttning for vanliga
laromedel. Manga av dem &r dock bristfilliga ur ett peda-
gogiskt perspektiv. I en studie av Sjodén och Térning (under
bearbetning) testades 42 applikationer pa den svenska mark-
naden. 62 % av applikationerna hamnade i trial-and-errorkat-
egorin, dir den enda feedback som ges &r huruvida svaret ar
korrekt eller inte och utévaren far ange ett nytt svar. 21 %
visar det korrekta svaret pd uppgiften direkt eller en kort
stund efter att ett svar angetts oberoende av om personen
svarat ritt eller ej. 17 % av applikationerna hamnade i kate-
gorin informativ, dér det ges ledtradar eller forklaringar om
man svarat fel. Dock var informationen ifrdga oftast mycket
begransad. Det fanns inga applikationer som gav feedback i
de fall d& uppgiften l6stes korrekt. Det enda som gavs var en
bekriftelse att personen hade utfort uppgiften ratt.[14] Studi-
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er pekar pa att dven om svaret dr korrekt kan informativ
feedback ge elever mojlighet ldra och utvecklas. Detta efter-
som eleven dé far en forstaelse for varfor svaret var rétt och
kan se mdjligheter att forbéttra sin problemldsnings-strategi.

[6]

Avgrénsningar

Da tiden for projektet dr begrdnsad och projektet i princip
kan bli hur stort som helst har vissa avgransningar fatt goras.
I beskrivningen av projektet nimns att fokus ska vara pd hur
man utnyttjar feedback i ett ldrandesyfte. Det star dven att det
ska genomforas en pilotstudie for att testa resultatet. Den
forsta avgransning vi beslutade oss for var att fokusera pa
uppgifter inom matematik for arskurs tva.

Den slutgiltiga prototypen skulle dessutom vara tillrdck-
ligt avancerad for att anvéndas som underlag for utvérdering
for de uppgifter som gruppen tagit fram och stélla dem i kon-
trast till de uppgifter som redan finns i originalprodukten.
Fokus for utvecklingen bestimdes dérfor laggas pé feedback
och inte pa teknisk innovation eller design. Under projek-
tets gang har gruppen fort en kontinuerlig dialog dir kvanti-
tet har vigts emot kvalitet. En viktig fraga var hur manga nya
uppgifter av olika sorter vi skulle konstruera. Diskussionen
ledde till att tva olika typer av uppgifter kom att utvecklas i
ett flertal steg. Malet var att erhalla mer tréffsidkra resultat
fran var studie. Under processen beslutade vi till exempel att
lagga vikt vid att minimera rent utseendeméssiga skillnader
mellan ursprungsuppgifterna och alternativuppgifterna. An-
vindartester med slutanvindare genomfordes inte pa Lo-Fi
prototyperna som utvecklades under delkurs 1, d& det fanns
en risk att eleverna skulle ha svart att se forbi den enkla de-
signen. Vi beslutade i stéllet att enbart gora anvéndartester pa
Hi-Fi prototyperna.

3 Fragestillningar

Infor och under projektets géng formulerades ett antal
fragestdllningar som &r centrala for projektet och som vi 6n-
skade besvara genom projektet. Négra &r inspirerade av ar-
tikeln ”Cognitive Guidelines for the Design and Evaluation
of Early Mathematics Software: The Example of MathemAn-
tics” [3].

* Vad for feedback finns i dagsldget i produkten (Qnod-
darnas Varld), och hur hjilper den eleverna?

* Vad for interaktionsmojligheter finns och hur stddjer
dessa inlérning?

* Hur vil utnyttjar produkten det digitala mediets moj-
ligheter?

* Vilka forbattringar kan goras i termer av feedback?

* Hur vél uppmuntrar upplégget till korrekta och effek-
tiva problemldsningsstrategier?

Under rubriken diskussion gér vi in djupare pd dessa
fragestillningar samt soker svar.
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4 Metod

Processen inleddes med en studie av ldromedel for digitalt
larande. Det finns idag ett stort utbud av laromedel for olika
typ av lasplattor och vi ville bilda oss en bred uppfattning av
vad som fanns pa marknaden. Det finns idag 42 olika app-
likationer med fokus pé inldrning enbart i App Store vilket
gor att valmgjligheterna for vilken utgédngsprodukt vi skulle
anvinda oss av var manga [14]. Dessa 42 applikationer hittar
man om man soker pad “Education”, age = “6-11”, “matem-
atik”, “ldasa svenska” och “skriva svenska”. Tillsammans med
handledare valde vi Qnoddarnas Virld.

Studier inleddes for att f& en uppfattning om vilken
typ av feedback applikationen anvénde sig av. Vi spelade
igenom olika typer av uppgifter for att f4 en uppfattning om
hur de hanterades av laromedlet behandlade olika typer av
uppgifter. Bade uppgifter inom svenska och matematik gicks
igenom och dérefter beslutade vi oss att gd vidare med ma-
tematik. Frdmsta motivet var att vi ansag oss kunna bidra
med kreativa 16sningar pé ett bittre sédtt inom matematik dn
svenska eftersom vi sjdlva har en gedigen utbildning inom
omradet matematik.

Vi gjorde dven studier av lararklienten for att fa en hel-
hetsbild av Qnoddarnas Varld. Med hjélp av tidigare publice-
rat material inom pedagogik, kognitionsvetenskap och inter-
aktionsdesign samt diskussion i samband med genomgang av
det digitala ldromedlet valde vi ut fem uppgifter att ha som
utgangspunkt for projektet. Uppgifterna dokumenterades i ett
anvindbarhetslabb ddr allt filmades. Under inspelningen
testade vi hur liromedlet reagerade nédr bade ritt och fel
gjordes for att se vilken form av feedback som erbjods. I ett
senare skede av projektet valde vi att fokusera pa tva av upp-
gifterna, for att kunna prioritera kvalitet Gver kvantitet samt
halla tidsramarna.

Tva Lo-Fi prototyper togs fram utifran en tidig brain-
storming f6ljd av ett flertal vidareutvecklingssteg pa basis av
diskussioner med handledare samt tester pa andra studenter.
Valen av de olika typer av feedback som anvénds i proto-
typerna dr grundade i litteratur om feedback. Ménga olika
designalternativ vad giller Lo-Fi prototyperna diskuterades,
men slutligen kom gruppen gemensamt fram till att proto-
typernas design skulle utgd fran originaluppgifternas
motsvarigheter i Qnoddarnas Virld. Skilet var att undvika att
resultatet fran anviandarstudien skulle paverkas for mycket av
designskillnader mellan Qnoddarnas Virld och prototyperna,
da det ar skillnaderna i feedback som ér i fokus for anvén-
darstudien.

Implementering

Merparten av arbetet under den andra delkursen las pa att
implementera det vi hade kommit fram till under delkurs 1.
Da ingen i gruppen hade tidigare erfarenhet att jobba med en
grafikmotor borjades processen med att studera olika typer
av verktyg for implementeringen. Ett flertal verktyg under-
soktes och beslutet foll pa att utfora arbetet med hjélp av
programmet Unity. Unity ar en spelmotor gjord for att gora
enklare spel i 2D eller 3D. Nésta beslut géllde val av pro-
gramsprak. Unity stddjer C# (C sharp), JavaScript och Uni-
tys egna sprak med namnet boo. Vi beslutade att anvinda C#
da det ar mest likt programsprak gruppen tidigare hade an-
vént sig av. C# skiljer sig d&ven emot de andra dé& det &r ett



programsprak och inte ett script.

Efter dessa beslut om utvecklingsmiljo gjordes en up-
pdelning i tre olika delar dér en person var ansvarig for varje
del. Den fjarde personen i gruppen fortsatte med att bygga pa
teoridelen och att ta fram en testplan for testerna. Trots att
olika personer ansvarade for olika delar var kommunikatio-
nen omfattande inom gruppen. Om liknande problem skulle
16sas i olika uppgifter gjordes bara en 16sning. Arbetet gick
inte helt smartfritt och tog betydligt ldngre tid 4n vad som
forutspatts. Ett viktigt skdl var att ingen i gruppen tidigare
gjort nagot liknande. Under implementeringen férdes omfat-
tande diskussioner inom gruppen om hur olika problem
skulle 16sas utan att feedbackaspekterna skulle forsvagas.

B. Testpersonernas forkunskaper

Materialet var gjort for arskurs tva medan eleverna som del-
tog 1 anvéndartestet gick i arskurs ett. Eleverna hade tidigare
kunskap av digitala ld&romedel och hade anvint iPads forut
men ingen hade testat Qnoddarnas Virld. De tidigare digitala
laromedel de hade testat var bland annat Math ohoy och Af-
féren.

Anvdndartestet

Eleverna (N=20) delades in i tva ganger fyra grupper, och
hilften av eleverna testades &t gangen. Varje testledare fick
tvd eller tre elever at géngen som testade den digitala
laromedelsuppgift som testledaren skoétte. Efter ca 10 mi-
nuter bytte grupperna station och fick testa den uppgift som
motsvarades av den tidigare gjorda uppgiften fast av den
andre utvecklaren. Planen var att eleverna skulle hinna gora
tre uppgifter pa varje station, men pa grund av skillnader i
svarighetsgrad samt elevernas matematiska kunskap blev det
skillnader i antalet utforda uppgifter. Nér eleverna testat bada
varianterna av uppgiften genomférdes en semistrukturerad
intervju, dar vi stéllde fradgor om svarighetsgrad, i vilken grad
de tyckte det var roligt att arbeta med de tva varianterna pa
digitala laromedel, om négon variant var roligare &n den an-
dra och hur de stod sig i forhéllande till matematikboken.
Efter experimentet diskuterade testledarna igenom experi-
mentet och resultatet for att fa en sa korrekt bild som mojligt
av den insamlade datan.

5 Teori

Feedback

En aktor utfor en handling och far sedan information om
utférandet; denna information kallas feedback. Informatio-
nen kan komma ifran en larare, kompis, bok med mera. Man
kan ocksa beskriva feedback som ett instrument for att mins-
ka diskrepansen mellan det man redan kan och det man vill
lara sig [6]. Exempel pé detta kan vara en elev som fér veta
om hon/han gjort ritt eller fel pa en matematisk uppgift eller
en stduppkomiker som &ndrar sitt material nir hon/han upp-
tdcker att stora delar av publiken inte skrattar.

For att feedback ska fungera pé bésta sitt maste den
komma snabbt efter att ndgonting utforts och vara tydlig for
att personen ska kunna koppla den till rétt utférd handling.
Feedback bor ges oavsett om eleven gor ritt eller fel. [2]
Designen av feedback i digitala laromedel bor ta hinsyn till
individuell progression. En del elever behdver mer hjélp och
andra mindre. Eleverna som utvecklas i en snabbare takt hin-
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dras om det finns for mycket scaffolding (erbjudande av stod
for ny inlérning, exempelvis hjdlpanimationer och ledtradar)
och de som utvecklas langsammare behover mer av detta.
Darfor bor uppgifter vara designade sa att de kénner av
vilken typ av hjilp eleven behdver och svarar utifran det och
om eleven gor ritt ska den ocksa fa veta det. Uppgifterna bor
dven vara uppbyggda s& de gar fran enklare till svarare men
ocksa fran ett mer konkret plan till ett abstraktare [2]. Man
bor ocksa noga dverviga vilken slags feedback som anvénds.
Nedan foljer en genomgang av olika typer av feedback.

1) Rdtt och fel-feedback

Detta handlar om feedback som enbart indikerar rétt eller fel.
Manga digitala laromedel anvidnder denna typ av feedback
[14], bland annat Qnoddarnas Varld. Men rétt-och-fel-feed-
back r 1 forsta hand feedback for en test-situation och inte
for en larandesituation. For en del uppgifter dér “enkel fakta”
ska memoreras [6], som till exempel att ldra sig multiplika-
tionstabellen, &r denna typ av feedback motiverad Men i de
flesta situationer ar informativ feedback betydligt mer
lamplig. [2]

2) Informativ feedback

Detta innebir att feedbacken dndras beroende pa vilka sig-
naler fran aktdren som tas emot av den person eller system
som ger feedbacken. Utifran dessa signaler ger personen/
systemet ledtrddar till aktéren om hur denne kan
utvecklas[6]. Fisch [2] diskuterar vad som bor ske om ak-
toren inte lyckas fa rétt svar efter tre eller fyra forsok och
rekommenderar att svaret da bor avslgjas, men dr Sppen med
att det &r situationsbaserat. Allra mest centrala ar de tips som
ges var gang anvandaren gor nagonting fel. En risk med in-
formativ feedback &r att vissa kan utnyttja situationen och tar
sig framat utan att ldra sig innehallet. Begreppet kallas for
“The Illusion of Learning” och innebér att personen lér sig
en strategi for att ta sig igenom uppgiften men lar sig inte det
som ska ldras[7]. Det finns ménga problem med informativ
feedback i digitala ldromedel. Ett &r att utvecklarna méste
forutspa vilka fel eleverna kommer goéra och vilken hjdlp de
da behover. Dérefter maste dessa implementeras vilket &r
betydligt mer resurskravande 4n att bara visa om svaret blev
ratt eller fel. Dartill kommer mojligheten/risken att en del
inte anvdnder produkten sasom utvecklaren tdnkt sig och
avsett. Att anvinda hjdlpfunktionen for att komma framat
men utan att ldra sig innehéllet, som ndmndes ovan, &r ett
exempel pa detta. Andra exempel dr om anvéndaren tolkar
fragan pa ett sitt som utvecklaren inte forutsag, trycker pa
nagonting icke relevant av misstag eller trycker dér i syfte av
att upptécka vad som sker.

3) Implication feedback

Detta innebér att aktoren direkt far se konsekvensen av sitt
handlande [1]. Sag till exempel att en elev ska ldra sig hur
olika matt relaterar till varandra och har till uppgift att fylla
ett litermatt med vatten med hjdlp av ett decilitermétt. Om
eleven viljer att fylla pad med for ménga fyllda decilitermétt
blir konsekvensen att vattnet rinner Over. Det blir kon-
sekvensen i den fysiska vérlden, och en virtuell motsvarighet
kan implementeras digitalt. En tumregel ar att konvekvens-



feedback (implication feedback) ska stimma &verens med
verkligheten i den utstrickning som passar bist for syftet
med uppgiften. Givetvis ar det svart om inte omdojligt att ut-
tala sig med sikerhet om vad som éar bést for inldrning, men
det gar att gora kvalificerade gissningar. Ett exempel pd hur
en alltfor verklig implication feedback i vart exempel kan
stélla till 4r, om nér vattnet hills 6ver och anviandaren gor det
for snabbt och det skvitter ut vatten. Det leder till att nér tio
decilitermatt hallts i dr litermattet fortfarande inte helt fullt,
for en del av vattnet skvitt ut. Det gér att koppla implication
feedback till Linderoths [7] diskussion om affordances i oli-
ka situationer. Hans uppfattning grundar sig i den ekologiska
psykologins framstillning dér varje situation innebdr olika
affordances beroende pa vem som é&r i situationen och situa-
tionen i sig. Affordances skiljer sig bdde mellan och inom
arter. En affordance gor att organismen “vet” vad som kan
gOras 1 situationen, exempelvis gor fiskens gélar att den kan
andas under vatten. Gélarna ger affordance till fisken som
gor att den kan vara i vattnet. En vuxen ménniska kan se ett
glas med vatten och uppfatta en affordance att ta upp glaset
samt en affordance att dricka ur det, medan en bebis inte kan
lyckas med det. En koppling till implication feedback och
digitala ldromedel ar att man vill l4ra eleven affordances som
ar overforbara till andra situationer. Foljer affordancen i det
digitala laromedlet verkligheten 6ppnar det upp for larande
genom att eleven dé kan anvinda sig av gammal kunskap for
att klara uppgiften men ocksa anvidnda uppgiftens kunskap
for ett framtida problem. Men som visat i exemplet tidigare,
sé ska affordancena i forsta hand vara mappade mot det som
ska léras och inte bara mot verkligheten. Det bor tilldggas att
detta &r mojligt &ven om det finns invéndningar mot ekolo-
giskt psykologi som metodologisk grund.

Synlighet

I designen ska de relevanta delarna vara tydliga.[11] Det
digitala mediet har mojligheten anvidnda denna princip till
fullo men i manga digitala liromedel faller det &ndé bort. 1
gungbradsuppgiften i Qnoddarnas varld, som vi haft som en
utgdngsuppgift, finns all information pa skdrmen direkt,
istdllet for bara den nddvéndiga. I var version byggde vi
istdllet upp uppgiften flera steg, dir information inte finns
med pa skdrmen innan den ska vara dér eller efter den &r
anvénd.

Variationsteori

Variationsteori dr en modell med en empirisk bas, som
forsoker forklara ldarande. Viktigt i teorin ar "the object of
learning”, larandeobjektet.[13] Léarandeobjektet kan ses
utifrn tre perspektiv, det som ska ldras, det som kan laras
exempelvis kan en observator sitta med pa en lektion och se
vad som kan ldras pé lektionen, samt det eleven lar sig. [8]
Variationsteorin forklarar lirande som aspekter av det som
ska ldras. Om ldraren sedan kan variera mellan dessa aspek-
ter, 0kar mojligheterna till 1drande. En av de viktigare aspek-
terna dr att ta upp vad det som ska léras inte ar for ndgonting.
Runesson [12] tar upp exemplet med tva ldrare och en
kvadrat. Den forste ldraren beskriver hur ménga sidor den
har, vilka vinkelstorlekar och avslutar med en matematisk
definition av begreppet. Den andre liraren anvinder sig utav
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samma aspekter men varierar dessa. Antalet sidor kon-
trasteras genom jamforelser med andra geometriska figurer
sdsom en triangel. Vinklarna kan varieras och kontrasteras
mot till exempel en romb, samt hur kvadraten forhaller sig
till en kub.

Larare kan variera sin undervisning baserat pa vad elev-
erna forstdr. 1 digitala lairomedel maste detta vara imple-
menterat och innebér en avvéigning mellan for kraftig scaf-
folding vilket leder till att en del elever stannas upp av
uppgifterna, samt for lite scaffolding vilket kan leda till att en
del elever aldrig nar fram — och idealt sett ska scaffoldingen
varieras automatiskt for att passa de enskilda eleverna. Ter-
men scaffolding kommer ifrdn det engelska ordet som bety-
der byggstillning och som i detta sammanhang star for nagot
som kan fungera som en byggnadsstillning for larande En
problematik med scaffolding ar att hjilpmedlen som &dr néd-
viandiga for vissa, kan utnyttjas av andra pa ett ur peda-
gogiskt perspektiv oonskat sétt. Anta till exempel att svaret
pa uppgiften ges efter ett antal forsok. For en del ar detta ett
stod for att lira och komma framat, medan andra kan utnyttja
funktionen for att slippa tdnka [2]. Feedbacksystemet eller
avsaknaden av ett utvecklat sddant gor att eleverna inte far in
variationen av aspekter som skulle behovas for att 6ka laran-
degraden. 1 var prototyp finns "gédmd" information som
eleven kan fraga Professor Qnodd om. Och om anvéndaren
trycker pa olika stédllen ges varierande feedback, som ska
fungera som variation av aspekter. En av poédngerna med
variationsteorin &r att den kan kopplas till begreppet transfer,
som handlar om mojligheter och svarigheter med att anvianda
kunskap som lérts i ett visst sammanhang och Gverfora den
till ett annat.[4] Om eleverna istdllet lar sig aspekterna, samt
hur dessa forhaller sig till varandra 6kar man mdjligheten att
de dven ska kunna anvinda sig av dessa aspekter i andra, nya
sammanhang.[9]

Gdrdenfors sex kriterier

I boken Lusten att forsta tar Gardenfors [5] upp sex kriterier
for teknikstott 1drande. Det forsta kriteriet dr att tekniken ska
stodja interaktiviteten, i bemédrkelsen att anvéndaren ska ha
mojlighet att pdverka programmet i varierande utstrackning.
Beroende pé vad det &r for digitalt program finns det olika
16sningar pa detta och &r en av fordelarna framfor en bok dér
det inte finns nagon interaktivitet. I ett Worddokument gar
det exempelvis att soka efter ett ord, i en Tedtalk gar det att
pausa om man behdver smilta informationen som sagts. Kri-
terium nr 2 sdger att tekniken ska ge aterkoppling till elever-
na, dvs. feedback till eleven.For det tredje ska tekniken an-
vanda narrativa former i presentationen av materialet. Om
materialet presenteras i form av en beréttelse eller liknande
kommer det att géra anvandaren mer engagerad i laromedlet.
I det digitala mediet gar det att anvéinda allt ifrdn text och tal
till bilder och film vilket bdr utnyttjas. Detta har inte varit i
fokus i vart arbete da uppgiften inte var att skapa ett nytt
laromedel utan fortsétta utveckla ett existerande.Kriterium nr
4 sdger att tekniken ska anpassas efter individens larstilar.
Detta baserar sig pa att ménniskor har olika sétt som de lar
sig bast pa, om det bara funnits bocker hade alla fétt ldra sig
pa det sittet. Men i och med tekniken gér det att presentera
materialet pa flera sitt och pa sa sitt kan anvédndaren vilja
det som é&r fordelaktigt for sig sjalv.For det femte ska



tekniken erbjuda former for samarbete. Hér gar det att utnytt-
ja det faktum att det med hjilp av datorn gér att kommu-
nicera utan att behdva vara pad samma plats och det dr mojligt
att gora digitala laromedel som uppmuntrar till diskussioner
och andra former av samarbeten.

Enligt kriterium 6, slutligen ska tekniken stddja
metakognition. Till exempel kan man l4ta eleven fa gé tillba-
ka for att uppleva en lérsituation, ndgot som ar sarskilt forde-
laktigt om ldraren &r med. Detta anvinds redan inom
sportvérlden da trinaren filmar atleten som sedan kan titta pa
filmen och se vad som gick ratt och fel, vad som kan &ndras
och forbattras.

6 Resultat

De uppgifter som testades var Hallon 1.2 och Hallon 5.2 fran
Qnoddarnas Virld samt gruppens prototyper som motsvarade
dessa uppgifter. Tiden varierade mycket mellan de fyra
uppgifterna som eleverna gjorde och om de hade gjort en
likadan uppgift tidigare. Uppgiften Hallon 5.2 tog pa forsta
forsoket 7 minuter och 12 sekunder for en grupp medan tred-
je forsoket pa uppgiften Hallon 1.2 gick pa 5.4 sekunder.
Generellt tog det ldngst tid pa hallon 5.2 (M=3.4 minuter)
och snabbast var Hallon 1.2 (M=17.62 sekunder). For proto-
typen finns ej exakt data men prototypuppgiften som motsva-
rade Hallon 1.2 tog ca 4-5 minuter. Dock fanns nagra mycket
snabba tider (<30 sekunder) som drar ned medelvirdet. P4
prototypens bana motsvarande Hallon 5.2 1ag tiderna mellan
3-4 minuter men dven hir fanns det ndgra snabba tider (<30
sekunder).

Eleverna rankade de digitala uppgifterna som roligare &n
matematikboken. Endast tre av tjugo elever sade att de fore-
drog matematikboken eller tyckte att bada var lika roliga. Av
de tvd programmen foredrog de flesta prototypuppgifterna
och ansag att uppgifterna fran Qnoddarnas Virld var for en-
kla eller for svéra. Suget att fortsétta spela var dock stort, och
de flesta ville spela prototypuppgifterna igen. Den uppgift
som var minst omtyckt var Hallon 5.2, som ansags vara
trakig och obegriplig.

Alla elever behovde ndgon form av hjilp i initialt skede,
men for de flesta grupper gick det bra efter forsta uppgiften,
med undantaget Hallon 5.2 dér manga grupper dven behdvde
hjalp i senare skede. I prototypuppgiften som motsvarade
Hallon 1.2 klarade tva personer uppgifterna helt utan hjélp.

A. Protoypens motsvarighet till Hallon 1.2

I del tvé (se Fig 2) av gungbriade-uppgiften var det bara 25 %
som inte kopplade ihop klossarna med talstrecken. Hur grup-
perna anvinde klossarna respektive siffrorna varierade
kraftigt mellan alla grupper. En grupp drog direkt upp rétt
antal genom att dra upp rétt siffra medan andra borjade med
klossarna och sedan fortsatte med siffror.
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Satt qungbradan i jamvikt med | y
|hjalp av kiossama \ Sor——e | sy

Fig 1. Forfattarens version av Hallon 1.2

Dra upp klossarna eller siffrora
Lill linjen ovanfér

Fig 2. Delsteg 2 i uppgiften fran Fig. 1

B. Hallon 1.2

I borjan forsokte majoriteten av eleverna att dra klossar fran
fel hog (den hogra hogen pa vénster sida av gungbridan), se
Fig 3. Sannolikt var det svart att forstd vilken hég som
menades med “hdgra tornet”. Nir inget hiande da de forsokte
blev de vildigt osdkra och vagade inte fortsétta. Darfor fick
testledaren forklara vilken hog med klossar de skulle flytta
ifran. I steg tva, se Fig 4, uppkom ett nytt problem. Ca 80 %
av eleverna forstod inte vad som menades i uppgiftens fork-
laring. Det underliggande problemet var att ingen av de
elever som inte redan hade sett ndgon utféra uppgiften innan
forstod hur de skulle skriva. Néar de vil forstod hur de skulle
fa fram tangentbordet fick ca 40 % av eleverna problem, de
kunde inte komma ihag hur manga klossar som var ver och
eftersom tangentbordet tickte hela gungbrddan kunde de inte
rikna om klossarna. D4 de inte heller forstod hur de skulle f&
bort tangentbordet igen fick testledaren hjélpa till &ven med
detta.
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Bygq pd det higra tomet upp till 10 med de qula klossarna.

Fig 3. Hallon 1.2 steg 1

Fig 4. Hallon 1.2 steg 2

C. Hallon 5.2

En majoritet av eleverna hade inte ldrt sig vad ett tiotal ar
vilket ledde till stor forvirring pa grund av fragan (se Fig 5).
Nir de vil forstatt var de skulle flytta Qnodden var det man-
ga som inte forstod hur den skulle flyttas. Nasta steg fork-
laras inte i fragan och det var ingen som klarade av att forsta
vart man skulle hoppa hirnist. Aven nér testledaren hjilpte
till var det manga som inte forstod vart de skulle hoppa. I de
fall dar de lyckades med detta var det ingen som kopplade
hur talet skulle skrivas och tva grupper trodde de skulle skri-
va talet som Qnodden stod pa. Totalt fanns 3 individer i 3
olika grupper som loste uppgiften pa egen hand men de an-
dra gruppmedlemmarna forstod ej. Huruvida dessa elever
forstod matematiken dr oklart, det kan dven vara sa att de
larde sig en strategi for att komma vidare.

D. Prototypens motsvarighet till Hallon 5.2

Ingen av testdeltagarna klarade av uppgiften utan nagon som
helst initial vigledning men fyra av fallen var av den enkla
sorten medan tva krivde mycket vigledning. Musen var ett
stort problem dven i denna uppgift, och en surfplatta hade
varit att foredra. Detta paverkade resultatet i tid.
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| Hoppoa tvd skutt pd tallinjen, forst till narmaste tiotal. &

Fig 5. Hallon 5.2

Uppgiften tog allt fran 15 sekunder att klara till Gver 2
minuter (se Fig 5). Trots att uppgiften genererar nya tal mel-

~ lan 21 och 79 att hoppa till efter varje forsdk (vilket &r stora

tal for elever som inte har utmirkt koll pé tiotal och
talovergangar) verkade testdeltagarna efter hand klara
uppgiften pa kortare tid. Som uppgiften dr utformad erbjuder
den ingen stromlinjeformad 16sningsmetod som skulle kunna
ge en Illusion of learning. Viktigt ar att barnet forst ska hop-
pa till tiotalet och sedan till ett nytt tal mellan 1-9 for att bil-
da svaret. Utfallet — att eleverna klarade uppgifterna pa allt
kortare tid — kan tolkas som att prototypen ger stod for
larande.

En av grupperna tyckte att Qnoddarnas Varlds uppgift var
lattare men att forfattarnas var roligare. Detta sags som posi-
tiv feedback dven om detta hogst kvalitativa resultat kan ha
fargats av eventuella diskussioner som den ansvariga ldraren
haft fore ankomsten till skolan. En funktion som forfattarna
lagt mycket tid pa var implementationen av rdster och texter
for att forklara uppgiften. Denna funktionalitet verkade
dessvérre ga over testdeltagarnas huvud. De hoppade direkt
in 1 interaktionen istéllet och knappt lyssnade pé vad profes-
sor Qnodd hade att siga. Kanske behdvs mindre heltickande
forklaringar och mer korta och koncisa inledningar. Detta
visar pa att man bor gora reguljira tester med fokusgrupper
efter varje iteration av mjukvaran for att fa till en sé rimlig
mingd feedback som mdojligt. Det kan bli for mycket,
speciellt for en sd ung malgrupp.

Kan du hjalpa Qnodden hoppa till
talet 66 genom att forst hoppa till
narmsta tiotal?

Fig. 5. Forfattarnas version av Hallon 5.2



VII. Socialiseringsprocess

Projektgruppen kom bra &verens fran borjan. Redan innan
Mathias Osvaths foreldsning hade vi diskuterat lite om mélen
och planerna med FoU-kurserna. Efter foreldsningen holl vi
ett mer djupgdende mote och diskuterade problem som kan
uppstd. Vi har ocksd hallit “socialiseringsméten” for att
medlemmarna skulle l4ra kdnna varandra béttre. Bland annat
diskuterade vi vilken ambitionsniva vi hade och samtliga var
Overens om att ett hdgre betyg i kurserna &dr att dnska.Up-
pdelning av arbetet i delkurs 1 var ganska fritt och alla job-
bade med det mesta och forsokte 16sa uppgifterna i grupp. Vi
holl brainstormingmdten for att tillsammans komma fram till
bra Lo-Fi prototyper och forbattringar i metaforerna for in-
larning av olika matematiska begrepp.

I delkurs 2 delade vi upp arbetet mer for att hinna med
implementeringen utav Hi-Fi prototyperna men trots detta
har samarbetet fortsatt att vara néra och gruppmedlemmarna
har hjélpts &t vid behov

8 Diskussion

Den feedback som i dagsldget finns i Qnoddarnas Virld &r
som tidigare ndmnts framforallt rétt eller fel-feedback. Den-
na typ av feedback minskar inte gapet mellan vad eleven
forstar och dit den behdver né, nagot som definitivt &r 6n-
skvirt, framforallt i en s& forstdelseorienterad och komplex
lara som matematik. Ett &mne som dessutom latt blir valdigt
trakigt for eleverna om de inte forstdr den underliggande
logiken och inte har de problemldsningsmetoder som krévs
eller bara gissar sig fram. Den tekniska 1dsningen som tagits
fram i denna rapport dmnar losa detta problem genom en
blandning av olika tekniker. Framforallt har uppgifterna de-
lats upp i flera steg for att underldtta inldrningen och
tekniken, med feedback i varje steg (informativ feedback).
En typ av scaffolding har inférts, dér problemet gradvis blir
mer abstrakt och erfarenheterna fran tidigare steg hjilper till
att bygga upp forstaelsen. Det har dessutom inforts mer
kvantitativ, implication-feedback i de olika stegen av
uppgiften. Kan vi dessutom utveckla narrativet och utbytet
med Professor Qnodd som en “expert”, scaffoldas barnen till
att nd sina laromal.Interaktionen i Qnoddarnas Virld ar pa
manga sitt onddig, den skapar inga kopplingar mellan ab-
strakt och fysisk representation och tillfor inget till 16sningar
och forstdelse. Faktum &r att den ibland till och med &r hin-
drande for l6sandet av uppgiften. Ett exempel pd detta &r
uppgiften Hallon 1.2, dér klossarna pa brddan tiacks av tan-
gentbordet ndr man ska svara. Det géller att man ténker pé
hur de olika elementen anvdnds nidr man implementerar in-
teraktioner.I vissa uppgifter dyker bara “Klar”’-knappen upp
ndr man svarat rétt (och ibland finns det bara en sak att gora).
I detta fall finns det risker med implementationen. Utan na-
gon strategi och utan att rdkna kan barnet svara ritt eftersom
man vet att man ar fardig nér “Klar”-knappen dykt upp. Det-
ta har flera konsekvenser, men framforallt kan eleven inte
misslyckas och laromedlet har da misslyckats med att ldra
eleven vad som hiander om det blir fel.Feedbacken i Qnod-
darnas Virld gar att forbéttra pa manga sitt, exempelvis med
implikationsfeedback som visar vad som hénder nér ndgot
gar fel (eller rdtt), constraints och affordances som guidar
eleverna i sin interaktion och minskar de felaktiga handlin-
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garna. En risk med en begrdnsad vérld ar att felaktiga han-
dlingar inte kan goras, vilket leder till att rédtt handling gors
men av fel anledning, det vill sdga att den inte gors for
eleven vet att den ar rétt utan for att utvecklarna gjort den
alltfor tydlig. D& uppstér det en illusion of learning.[7] 1
grundutférandet nyttjas inte dessa typer av hjdlpmedel och
signaler fullt ut. Den mest intressanta delen i det digitala
mediets mojligheter dr att kunna forbéttra elevers inldrning
genom gradvis Okning av komplexitet och abstrakthet kop-
plat med tydlig, kortfattad och skrdddarsydd “intelligent”
feedback. Man kan skriva applikationer som kdnner av de fel
som eleven gor och som kommer med adekvata rad och tips
pa forbéttring battre 4n en bok kan.

Upplédgget i Qnoddarnas Vérld handlar inte om relevan-
ta problemldsningsstrategier for matematik, uppgifterna &r
repetitiva och erbjuder inget nytt sétt att lara ut matematik.
Detta dr nagot som hade kunnat 16sas genom ovan nimnda
forbéttringar. Ett konkret exempel dr gungbréidans originalut-
forande, Fig. 3, ddr momenten for att klara uppgiften &r att
flytta en kloss fran ena hdgen till en annan och sedan skriva
uttrycket. Forsta momentet skall repeteras i varje ny instans
av uppgiften och erbjuder efter forsta gdngen inget mer &n en
repetitiv, separerad handling, fri fran ndgon som helst inlérn-
ingspotential. I forfattarnas exempel forstérks istdllet likheten
mellan tva uttryck genom att gungbrddan &r manipulativ och
forhoppningsvis en metafor som eleverna kan forsta, se Fig.
1. Nér gungbriddan &r jimn far eleverna mojligheten att gé
vidare, varpa en kontrolluppgift stélls. Detta far eleven att
tanka efter; gjorde jag rétt nu? och ger en mgjlighet att kor-
rigera eventuella fel. I senare steg kopplas klossarna till arit-
metiken. I detta steg kan man rékna pé flera olika sétt, ett sdtt
att tillata elever att 16sa uppgiften trots deras eventuella olika
forkunskapsnivaer, se Fig 2.Designfaktorer som relaterar till
synlighet i Qnoddarnas Virld sdsom placering av relevant
information och gruppering av element, se Kap. 5.1.4.,
forekommer sparsamt. Eftersom véar kulturella standard &r att
lasa uppifran hoger och till vénster verkar det méarkligt att ha
frégan langst nere i vyn, se Fig. 5, och var 16sning ar istillet
att alltid ha frdgan lédngst uppe eftersom det &r det forsta man
ska ldsa.

Narrativ verkar saknas i ménga delar i Qnoddarnas
Virld. Det ar t.ex. inte osannolikt att barnen skulle vilja veta
vilka Qnoddarna ir, vad de gor dér eller varfor man ska hjél-
pa dem. Det &r visat att narrativ kan stidrka barnens intresse
och inldrningsférméga [3], sd det vore naturligt att utveckla
ett historieberittande for att finga barnens uppmérksamhet.
En forbéttring som hade kunnat goras é&r att infora en elevgn-
odd som man kan kl&d upp istdllet for att inreda sin stubbe,
vilket &r en betydelselos funktion som idag finns i Qnoddar-
nas Virld. Denna avatar hade man kunnat hjilpa igenom
Qnoddlandet genom att hjidlpa honom l6sa de problem som
varje stig innehéller.Norman diskuterar att produkter med
Okat antal funktioner ocksa ofta far en 6kad komplexitet. Det
ar mojligt att detta dven sker med digitala lairomedel. Om det
funnits allt for stora interaktionsmdjligheter hade det troligen
lett till mer forvirring &n inlérning. I forfattarnas version av
Hallon 1.2 lades det till kedjor for att visa att interaktions-
mojligheterna ar begrinsade. Tyvarr uppfattade barnen inte
detta och en del forsokte lagga klossar pa fel sida. Den ma-
nipulativa egenskapen infor ocksd vissa begrdsningar och
dven om implementationen blivit perfekt, hade eleven i sa
fall kunnat fylla pa s& hogarna blivit likadana p& bada sidor



istdllet for bara samma totala antal. Detta &r samma problem
som uppstar om det digitala ldromedlet innehéller for fa eller
for manga affordances eller constraints. Da
riskerar uppgiften att bli blir en slinga som eleven gar ldngs
och da lar barnet sig den slingan men inte substansen och
upplever en sa kallade Illusion of Learning. Aven om det
finns goda ldromojligheter 1dngs slingan utnyttjas inte mediet
till fullo, d& en av mdjligheterna &r att man kan testa flera
olika sétt att 16sa uppgiften pa.

En av podngerna med feedback &r att den ska vara ty-
dlig och latt att forstd och koppla. Darfor gar det inte bara att
lagga till ett feedbacksystem baserat pa teorier, utan de maste
korrigeras och anpassas till det digitala laromedlet och dven
ner pa uppgiftsniva vid behov. Om en del uppgifter har som
syfte att eleven ska memorera fakta, dr den bésta typen rétt-
och-fel feedback medan informativ feedback blivit hin-
drande. Med digitala ldromedel ar det ocksé ldttare att gora
korrigerande atgérder i senare stadier, alltsd att patcha sin
produkt. Ar diremot liromedlet i tryckt format méste en ny
bok tryckas. Alltsa gar det att utvdrdera och implementera
forbattring 1 storre utstrdckning. Ur ett variationsteoretiskt
perspektiv maste det finnas flera kontrollfragor, sd eleven
faktiskt forstatt omradet som ska liras och dess aspekter. Det
hade @ven varit bra med ytterligare fragor utanfor det scenar-
iot som lérts for att se om det eleven lért sig fatt en transfer-
effekt. Gardenfors sex kriterier dr utarbetade efter ett kom-
plett digitalt liromedel medan prototypen varit en del av ett
fullstdndigt laromedel. Fokus for projektet har varit feedback
for 2000-talet och darfor har kriteriet att ge aterkoppling till
anvéndaren varit i1 fokus. I den storsta mojliga utstrickning
har dven det forsta kriteriet uppfyllts &ven om det finns fler
forbattringsmojligheter. De sista fyra kriterierna har det inte
funnits tid eller mgjlighet att anvinda sig av, med undantaget
att forfattarna skapade professor Qnodd och elevgnodden
som kan rymmas inom narrativkriteriet.

A. Analys

Mycket av den insamlade data &r kvalitativ vilket gor det
svart att dra sékra slutsatser mellan hur bra prototypen ar i
jamforelse med Qnoddarnas vérld. Dessutom var eleverna
yngre &n malgruppen, pa grund av att de inte skulle ha nagra
tidigare kunskaper som eventuellt kunnat skapa brus i under-
sokningen. Vi Onskade testa applikationen pa fokusgrupper
for att i lugn och ro kunna samla in data, men pa grund av
tidspress och kravet pa rittvis fordelning (hela klassen skulle
testa) var gruppen underbemannad och klarade inte hantera
insamlingen av data pa ett onskvirt sétt. Detta gjorde det
svart att urskilja hur eleven skulle 16st uppgiften om eleven
varit ensam. Hallon 1.2 beddmdes som véldigt enkel av
maénga grupper och det var ingen som hade nagra storre
problem med den, medan alla hade problem med Hallon 5.2
trots att bada var riktade till elever i arskurs tva. Béada
uppgifterna i prototypen verkade mer jimna i svarighetsgrad.
Eleverna som fick testa pa prototypen som motsvarade Hal-
lon 5.2 hade inte lika stora problem vilket tyder pa att den
har egenskaper som &r fordelaktig i inldrningssyften. Nagra
elever som tyckte matematikboken var roligare &n nagot av
de digitala laromedlen. Detta kan bero att eleverna &r vana
vid digitala laromedel och ser det som en vardagssak till
skillnad fran nér forfattarna gick i skolan.Testledarna som
skotte prototypen rapporterade att en del elever hade mo-
toriska problem med att anvinda datormusen vilket kan ha
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speglat deras omdome om den. I Hallon 5.2 mirktes det ty-
dligt att barnen inte hade tillrickligt med kunskap da flera
rapporterade att de inte visste vad tiotal var for nagot (forsta
delen av uppgiften &r att hoppa till ndrmsta tiotal). Andra
delen av uppgiften nir uttrycket skulle beréknas var forsta
uttrycket 36+8=40+? och eleverna hade inte hanterat tal Gver
tjugo och ménga sa att de bara lart sig rékna till tio. Ett prob-
lem som framkom var att eleverna fragade testledarna om det
var ritt eller fel istéllet for att testa det och det var ytterst
sidllan som de tryckte mer pa iPaden dn det som behdvdes.
Alla barnen var ocksd i behov av en muntlig instruktion i
bdrjan och de var mer bendgna att komma till testledaren
snarare @n laromedlet for information. Detta gor att det &r
svart att kolla hur vart feedbacksystem é&r jamfort med Qnod-
darnas Vérld. For att komma runt detta skulle eleverna fatt
lara sig ldaromedlen men sedan fatt anvinda dem sjilva med
nya uppgifter medan testledarna observerat om dem lyckas
med hjélp av den okade feedbacken. Ett annat problem var
att manga elever var tystlatna och inte sd nyfikna pa att testa
vad som sker om de trycker pé olika stillen. Darfor fick vi
inte s& mycket underlag for att se om deras strategier &n-
drades eller forbattrades.

Under testningen varierade resultatet en del. Den storsta
orsaken till det var att forkunskapskraven varierade valdigt
mycket mellan de olika testpersonerna. Mycket av fokus
hade lagts pd att gora prototypuppgifterna litta att forsta.
Béde tal och flera instruktioner for att forklara uppgiften
hade lagts till. Barnen hade dock véldigt svart att ta sig till
den informationen. Koncentrationen var en bidragande faktor
till det. Det ledde till att alla uppgifter var tvungna att fork-
laras ordentligt forsta gdngen. Vi noterade att testpersonerna
hade svart att forstd vad de skulle géra. Exempelvis var det
inte sjélvklart for dem att dra klossarna och placera dem pa
gungbridan trots att det tydligt stod p& skdrmen att de skulle
gora det. De kunde helt enkelt inte knyta informationen som
gavs till att 16sa uppgiften. De testade inte heller vad de
kunde gora utan var bara fragande tills de fick mer informa-
tion.

B. Prototypens motsvarighet till Hallon 1.2

Nér de vél forstod prototypens uppgift var det en overva-
gande majoritet, ndmligen tre grupper (75 % av grupperna)
som ville ldgga en kloss p& den hogen som hade nio klossar
pa sig. Den klossgruppen hade ett hianglés och kedjor runt sig
men barnen verkade inte forstd budskapet med den
metaforen. Det intressanta var att de fortsatte att forsoka fast
ingenting hénde. Nagot som noterades under uppgiften var
ocksé att ”’jamvikt” var svart att forsta. Alla testpersoner kla-
rade pa tredje forsoket att 16sa uppgiften helt pa egen hand.
Verifikationssteget i uppgiften maste forstérkas da de forstod
hur uppgiften fungerande kunde ta sig vidare utan att forsta
vad de hade gjort. Detta testades muntligt pa testet genom att
be de rdkna ihop hur ménga klossar som lag pa varje sida.
Deluppgift tvd av gungbridan dér de skulle placera klossarna
pa respektive talstreck och bilda tal fungerade bra. Det var en
av fyra grupper som inte kopplade ihop klossarna med tal-
strecken se Fig 1. Det kan ndmnas att det d4ven var den grup-
pen som tog léngst tid pa sig. Hur grupperna anviande klos-
sarna respektive siffrorna varierade kraftigt mellan alla grup-
per. En grupp drog direkt upp rétt antal genom att dra upp
ratt siffra medan andra borjade med klossarna och sedan fort-



satte med siffror. En slutsats vi drar &r att de lade ithop sa
stora tal de kunde rékna i huvudet. Det ska @ven noteras att
de rdknade forst innan de borjade dra upp klossarna, vilket
betyder att metoden trial and error” inte anvinds i det hér
steget.

Under framtagning av uppgiften pratade vi dven om att ta
fram en demo pé& hur man loser uppgiften. Testerna gav ty-
dliga svar pa att de skulle vara en bra 16sning da de inte
forstod forsta gangen hur uppgiften skulle 16sas. Aven
starkare verifikationssteg skulle behdvas sa de skulle tvingas
att verkligen forstd vad som hénder.

C. Prototypens motsvarighet till Hallon 5.2

Slumpfunktionen som finns i prototypen anvénds for att i en
slutprodukt skulle det vara mer pedagogiskt med en uppgift
som slumpas fram da det finns fler uppgifter samt att eleven
inte bara ldr sig vad dem uppgifterna blir utan hur man
kommer fram till svaret. I ett digitalt medium finns denna
mgjlighet men i likhet med en bok har Qnoddarnas varld valt
att bara anvénda sig utav nio uppgifter.

D. Framtida undersékningar

I denna undersdkning var urvalet litet och homogent och for
att kunna generalisera skulle det behdvts fler testpersoner
men ocksd elever ifran fler skolor. I studien fick eleverna
bara testa tre uppgifter ifran de olika digitala liromedlen men
det skulle behovts att de hade fatt jobba med ldromedlen 6ver
en langre period s& de forstatt produkten, till exempel att det
gér att klicka pa professor Qnodd for mer information. Efter
en sadan lite ldngre period hade man kunnat gett eleverna
nya uppgifter och undeséka hur pass vdl och hur pass
sjdlvstiandigt de hade kunnat 16sa dessa.

Eleverna testades i par eller tre stycken tillsammans
vilket paverkar mycket. Det sista som ska has i dtanke &r att
det ar en Hi-Fi prototyp och inget fullt utvecklat ldromedel
vilket gor att det kan finnas buggar, samt att alla idéer inte
fullt kunnat implementeras. Exempelvis hann inte verifier-
ingskraven implementeras fullt ut. Det fanns tyvérr ingen tid
att implementera dataloggar for att logga all data.
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APPENDIX 1

Produkt

Detta dokument beskriver upplagget av en anvandbarhetstestutvirdering dér testpersonerna bade far testa Qnoddarnas vérld
och var version av Qnoddarnas vérld dér feedbacken har férdndrats i forhallande till vad kognitiva modeller sdger é&r att fore-
dra.

Syfte

Syftet med studien &r att se hur barn tar till sig olika typer av feedback vid inldrning. Fokus kommer att ligga pé att se hur man
kan utnyttja méjligheterna i ett digitalt media. Resultatet som fés ut av studien kommer senare att sammanstillas i en rapport
dér resultatet &ven kommer att diskuteras och kopplas till teori.

Fragestéllningar
1. Hur mycket hjdlper feedbacken i Qnoddarnas virld eleverna att lira sig innehéllet?
2. Hur vl uppmuntrar upplégget till korrekta och effektiva problemldsningsstrategier?
3. Vad for interaktionsmdjligheter finns och hur stédjer den inldrning?
4. Vad blir skillnaden i inldrningsniva mellan eleverna som provar Qnoddarnas vérld och den versionen med

utbyggt feedbacksystem.
5. Finns det skillnad i inldrningsforméga kopplat till interaktionsméjligheterna

Testuppgifter

1. Usefulness
1. Hur latt dr det att anvénda forfattarnas version av Qnoddarnas virld och dr det nagon skillnad mellan produk-
terna. (Hur manga fragor behdver eleverna stilla relaterade till att bara anvénda produkten.) Hur anvindbar
ar produkten?
2. Effectiveness
1. Hur bra ér laromedlet pa att lira ut materialet till elever.
3. Learnability
1. Hur lang inldrningskurva har produkten.
4. Satisfaction
1.Vad tyckte eleverna om produkterna.
5. Accessability
1.Finns det ndgonting som hindrar en grupp elever fran att anvinda laromedlet.

Test

Halften av eleverna testar en av tva uppgifter pa Qnoddarnas virld pa en iPad och sedan motsvarande uppgift av var prototyp
pa datorer. Resten av eleverna testar den andra uppgiften i de tva olika utférandena. Varannan testperson borjar med Qnoddar-
nas virld och varannan borjar med prototypen, detta géller bada uppgifterna.

Upplédgg for genomforande
Anvéndbarhetsstudien kommer att rikta in sig pa barn i rskurs 1. Studien kommer att genomforas i en skola som ir en trygg
miljo for eleverna for att inte paverka resultatet allt for mycket. Eleverna kommer att delas upp i tva grupper dér den ena grup-
pen far gora uppgiften Hallon 1.2 i Qnoddarnas vérld och i prototypen. Den andra gruppen kommer att f4 gora uppgiften Hal-
lon 5.2 p& motsvarande sétt.

Kommunikation med testledarna ska férsoka att vara sa begransad som mojligt da férsdkspersonerna ska i sa stor utstrackning
16sa problem sjélva. Dock med tanke pé aldern hos forsdkspersonerna kommer en del kommunikation att ske, till exempel om
eleven inte kan lésa.

Efter testsessionerna kommer det ske en semistrukurerad intervju for att fa reda pa vad barnen tyckte. Det ar dven ett bra tillfal-
le att samla in kvalitativ subjektiv data. Da forsokspersonerna &r unga och ténker pa ett annat sétt ar det ett utmérkt tillfalle att
fa feedback pé var prototyp.

Oversikt och tidsatgang for sessioner

20 stycken elever kommer att delta i testet. Dessa elever kommer att delas upp i tvé olika testsessioner. Varje session kommer
att vara ca 30 minuter 14nga. Ca 5 minuter kommer att anvéndas till en efter-test intervju dér forsdkspersonerna ska svara pa
négra fragor.
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Introduktion (1 min)
En snabb introduktion av oss samt utav testet.

Test av forsta digitala ldromedel (10 min)

Forsokspersonerna utfor uppgifter ifran ett av de tva digitala ldromedel. En fjardedel testar gungbriddan i Qnoddarnas vérld, en
fjardedel testar gungbrédan i prototypen, en fjérdedel testar tallinjen i Qnoddarnas vérld och 6vriga testar tallinjen i prototypen.

Test av andra digitala laromedel (10 min)
Forsokspersonerna utfor uppgiften motsvarande den de precis testade. Alltsa de som borjade med Qnoddarnas vérld far nu testa
prototypen med motsvarande uppgift.

Efter-test intervju (5 min)

Kort intervju med testpersonerna i grupper om 2-3 personer. Detta ger kvalitativ data.
Datatyper samlade med de olika testuppgifterna

1) Objektiv/Kvantitativ
- Antalet uppgifter som kan genomf6ras utan hjilp samt med hjélp, tre nivaer av hjilp analyseras:
* Ingen hjilp - Forsokspersonen genomfor en uppgift utan hjilp
Vigledning - Forsoksperson genomfor en uppgift med enkel véigledning fran testledaren
*  Mycket hjélp - Forsokspersonen genomfor uppgift med mycket hjilp

- Tiden det tar att utfora uppgifterna.
* Tiden det tar att utfora provet.

2) Subjektiv/Kvantitativ
*  Hur vél eleverna gillade de olika digitala laromedlen (motivation att anvénda igen)
*  Hur litt dem tyckte det var att anvinda det (hur intuitivt det var)
*  Hur hjédlpsamt det var

Urval av forsokspersoner

Uppgifterna som har tagits fram inom kursen &r gjorda for arskurs tva elever. Men diskussioner med véra handledare har vi
kommit fram att vi vill testa uppgifterna pa personer som inte har nagra forkunskaper om denna typ av uppgifter. Det gor att
testen kommer att ske pa elever i arskurs ett. Kontakter har skett med ldrare pa Lerbédckskolan i Lund och dérfér kommer for-
sokspersonerna komma dérifran. Vilket gor att gruppen som testerna kommer att utforas pa ér véldigt homogen. For att kunna
dra vetenskapliga slutsatser skulle en storre urvalsgrupp behdvas och det geografiska omradet vara storre.
Testmiljé/utrustning
Platsen som valts for studien ar Lerbickskolan i Lund. Valet ar gjort for att forsokspersonerna ska vara i en sa trygg miljo som
mdjligt. Testerna kommer att dokumenteras med hjélp av anteckningar och tidtagarur. Det ricker for att fa ut den information
som behdvs. Vilket leder till att kameror inte kommer att anvindas, da det inte skulle kénnas naturligt for forsdkspersonerna.

Testledaren och 6vrigas rollfordelning
Testledaren kommer att gé igenom instruktionerna och finnas tillgénglig for att svara pé fragor som foérsokspersonerna har. Da

varje testledare ansvarar for varsin uppgift kommer denna dven att observera och anteckna resultatet i testerna. Testledaren
kommer att leda den 6ppna intervjun efterat.

Hur resultaten ska rapporteras

Rapporten kommer ha en inledande del dér syfte, bakgrund och mal med testen kommer att beskrivas. Det &r for att 1dsaren pa
ett enkelt sitt ska komma in i samma tankebana inom problem och fragestéllningar som forfattarna.

Fragor efter-test intervju

Vilket av spelen tyckte ni var roligast?

Vilket hade ni velat testa igen?

Vilket av spelen var léttast att anvéanda?

Tyckte ni ndgon av uppgifterna var svar att forsta?
Vad hade gjort dem bittre?

Hur tycker ni detta var mot att jobba med matteboken?
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I st Grade Students Learn Number Sense with
Math in Space

Per Grahn, Charlotte Leifland, Kristoffer Leo

The purpose of this paper is to present a pedagogical math-
ematical game concept, accompanied with arguments for the
design decisions taken. The overall goal is that the game
shall eventually be used in school environments for learning
and teaching purposes. The game embraces a space theme
and targets 1st grade students. As an extension of the Magi-
cal Garden play-&-learn game project, the present game, as
well, is based on inclusive pedagogy with the intention to
support each individual student in developing his or her
mathematical thinking ,and to support teachers at their work
as well. The focus of our study has been to create a novel
concept and find out whether it motivates the target group.
girls and boys alike of an approximate age of 7 years, and
whether it is suitable for developing the number sense for
children of this age. In the first phase a lo-fi prototype was
created and evaluated by two math teachers. The feedback
from the teachers was of considerable help for us to achieve
our goals. In the second phase the game was implemented
and is ready for testing and evaluation.

1 Introduction

Learning can be seen as an evolving form of membership
while participating in a community of practice. The partici-
pation is tied to motivation (Lave and Wenger, 1991). With
help of collaboration, the learner can learn to accomplish
things that are in her zone of proximal development and
reach an understanding which otherwise would be out of her
reach (Vygotski, 1978). In a collaborative setting the teacher
may provide hints or cues to help the student reach an even
higher level of thinking (Lave, Wenger, 1991). The teacher
role can also be offered to a student. This is systematically
done within the pedagogy learning by teaching. In the game
concept that will be presented in this paper — Math in Space —
hints and cues are provided from the game as such , and the
students are acting as teachers to teach digital tutees in the
form of game characters, in technical terms Teachable
Agents, TAs. The first grade students can be said to partici-
pate in the game together with their TAs and with them share
the social membership in the game world community —
something that hopefully will increase their motivation of
learning mathematics.

Magical Garden is a game that has been developed with
the idea of the zone of proximal development in mind. Both
the notion of scaffolding and the notion of inclusion guide
the design of the game in order to provide the learner with
support to be able to reach a higher mental development than
she would on her own. In addition, children get a chance to
practice learning by teaching by helping their chosen TA to
learn the mathematical challenge. In this setting they are also
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allowed to develop their skills phase by phase (Gulz, 2014).
Malmberg (2014) emphasizes the importance of motivating
all children to learn math with the help of educational games.
However, motivational structures (Haake et. al, 2014;
Robertson et al., 2004 ) and distractibility (Axelsson et. al,
2013) seem to differ between girls and boys in younger ages.
To keep the motivation up an educational method called
adaptive learning (Malmberg, 2014) is implemented. Adap-
tive learning ensures that each learner gets the right scaffold-
ing depending on her individual development level and learn-
ing curve.

As an extended concept of Magical Garden, the play-&-
learn game concept “Math in Space” will be presented in this
paper. It has been designed to motivate first graders, boys
and girls alike, into learning mathematics with the help of
Teachable Agents. A new concept, novel TAs and novel
graphics, compared to Magical Garden, have been created to
meet the needs of the target group, since adjustments of the
mathematical level and the game concept are needed when
aiming to motivate older children than pre-school age chil-
dren (Anderberg et al., 2013). In addition our goal was to
cater for gender related differences with respect to motiva-
tion, such as the motivational effect of interacting with a TA
(Haake et al., 2014; Robertson et al., 2004).

2 Background

This paper is based on the Magical Garden project. Magical
Garden is a software solution developed to be used by teach-
ers and children in preschool. One focus is to identify chil-
dren who are weak in early math, specifically concerning
number sense development, while at the same time aiming at
improving a// childrens’ number sense skills — without point-
ing out the weak (Gulz, 2014). Educational Technology
Group at the Universities of Lund and Linkdping in Sweden
has developed the teachable-agent based game with its four
modes, recurring for each novel kind of task: Mode 1) The
child plays on her own and receives feedback depending on
her performance. This is the mode where the child first gets
to work on the tasks on her own in order to be able to take on
the teaching tasks that follows. Mode 2) The child is offered
to take the role of a teacher, and show a digital creature, their
teachable agent, how to solve the task (which implicitly
means to show how the mathematical concept works).. Mode
3) the TA takes more initiative and tries to solve the assign-
ments more independently, while the child still gets to guide
and tell whether the TA makes the right choices or not in
solving the tasks. Mode 4) the TA solves tasks on her or his
own and is as successful as the teaching provided by the
child has been (Gulz & Haake, 2014). One benefit with hav-
ing these four modes is that the high degree of repetition that



is often needed for early math skills get naturally motivated
and infused with some variability too: do oneself, show to
TA, guide TA, look at TA solving on her/his own. Magical
Garden contains a set of sub-games, at present four, all creat-
ed by master students, and 60 so called pedagogical scenar-
ios, that target different early math concepts and skills, where
most of the scenarios can be run in all four sub-games to
obtain variation. The Magical Garden is a long-term, ongo-
ing, R&D undertaking. Our project seeks to extend Magical
Garden with a game targeting somewhat older children.

The use of TAs has many benefits. When allowed to be
teachers children feel responsibility and seem more motivat-
ed to work with the material. At the same time they get to
externalize their thoughts. They may discover something that
completes and reflects their teaching. The role as a teacher is
generally experienced as motivating and in contrast to the
regular classroom also the weaker students or students with a
weak belief in their own ability are able to — and invited to —
take a teacher role in an educaitonal game like Magical Gar-
den, and thereby gain more confidence (Gulz & Haake,
2014). In addition, while using digital educational games of
this kind, weak students are not exposed to the same extent
as in the classroom. The concept of learning by teaching en-
courages the student to explain mathematical problems for
the TA. In order to explain something you need to understand
it yourself, however in many cases it is not until you get to
the process of explaining to someone that you really develop
your own understanding. There are many positive learning
results from contexts where students are tutors, and so seems
excellent to structure a game for pedagogical aims according
to the idea of learning by teaching (Murphy Paul, 2011)

To sum up, two of the leading design notions of Magical
Garden are 1) provide adequate scaffolding in relation to the
childrens’ zones of proximal development and ii) cater for an
inclusive pedagogy. We will present these concepts below
and get back to them when we elaborate on the Math in
Space concept.

Vygotskys theory about zones of proximal development
holds that if the learner gets a bit of additional support —
scaffolding — she will be able to reach a new level of knowl-
edge. Scaffolding refers to the help provided to the students
in order to support them in acquiring more and more ad-
vanced skills (Sawyer, 2006). Support and help is primarily
needed for development of a skill, and later the supporting
ingredients can be removed as the learners understanding
grows. Some features of scaffolding are predictability, play-
fulness, focus on meaning, role reversal and modeling (Lave,
Wenger, 1991). Playfulness, predictability and the role rever-
sal in relation to Teachable Agents (TA) can support the
learner to reach - little by little - a higher understanding of
mathematics and number sense in a way that is based on their
individual level. The level can be adjusted according to the
abilities of the player. Teachable Agents are virtual characters
that invite the learners to interact. The TAs role is to force the
student to really understand the problem since it needs to be
guided through the mathematical problems. While taking the
role of a teacher the learners process the information and
learn themselves.

Inclusive pedagogy according to Florian & Black-
Hawkins (2011) targets both inclusion and individual devel-
opment. In the average classes students have different skills
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and abilities. This is very common in the age of 6-8 where
each individual child thinks and acts differently (Nielsen,
2010). In an inclusive pedagogy the goal is to create an envi-
ronment where all students feel they can achieve something,
and where students with different abilities are not separated
from each other (Malmberg, 2014). One of the teacher’s most
important assignments is to make sure that all students
achieve the learning goals for their age. This is a hard chal-
lenge, while a teacher that has many students in a class can
have a variety of students with very differing levels of math-
ematical understanding and mental development age. This
could limited the learning process and students with less ad-
vanced skills might get invisible or the opposite, get a lot of
attention pointing out their weaknesses in front of the other
students.

Children who start school without appropriate skills in
mathematics will often fall behind in school, they rarely
catch up. It is therefore important to find these children at an
early stage. With the help of pedagogy games like Magical
Garden the goal is to possibly identify potential learning
problems. In this sense, Magical Garden can be considered a
pedagogical instrument (Gulz & Haake, 2014). A digital
play-and-learn —game can have many benefits. It can support
the teacher with material to follow-up the development of the
children’s skills in many ways. In Magical Garden and in our
extension each student will be registered and her results is
stored. The statistics is supposed to send alerts to the teacher
to point out the weak students. In this way the teacher can get
an overview of how the students understand and perform
with number sense. This should help the teacher to give spe-
cial support to the students who need it. If a child has diffi-
culties in learning in a specific area, a teacher can identify
this challenge at an early phase and provide additional sup-
port to the child during the learning process. Such formative
evaluation of the development allows interfering at an early
phase without pointing out the weaknesses or strengths. In-
clusion and scaffolding are also some of the benefits that the
games like Magical Garden offer. The children get a chance
to take new roles and get more space within the existing cul-
tural or gender frames (Gulz & Haake, 2014).

In order to test roles in a game, a child must be motivated
to play the game. From the gender inclusion point of view we
considered that it is very important that a game reaches and
supports the development of girls and boys equally. From the
point of view of including and motivating boys and girls in
the play-and-learn activity, the design group started explo-
ration of the design space in order to create the concept Math
in Space. The aim of the space theme is to show both genders
that everything is possible and nothing is specific developed
just for one gender.

The principles of inclusion, scaffolding, play and learn that
are a part of Magical Garden game, were included in the
Math in Space game concept to provide and support the un-
derlying theory for creating a great pedagogical tool.

3 Presentation of Concept

This section briefly describes the final results of the Math in
Space standalone platform, which is an extension of Magical
Garden. The concept is made with the presumption that the
students have played the original Magical Garden in



preschool and when beginning first-grade they switch to the
Math in Space platform. This platform is designed to lead to
closure from the previous game and keeping a sense of famil-
iarity with the new platform and game environment.

3.1 Moonbase

The moonbase is the home state of Math in Space and is built
on the same foundation as the garden state in the original
Magical Garden. Instead of watering and growing the garden
the student will use stardust collected in subgames to replace
parts and adorn their spaceship. This spaceship is also used
to transport the student and the TA to explore the subgames.
This gives the students a relevant link between exploring the
subgames and improving their spaceship.

When replacing parts the student is given the option of
where to replace a part, but not with what to replace it. This
is done using the same line of thinking as in the original
Magical Garden; it makes it harder to compare your abilities
with your fellow students. Math in Space also allows a stu-
dent to replace a part an infinite number of times. This is
done because if a student is unhappy with a piece they might
lose motivation to continue playing and gathering stardust
unless they are able to replace it.

Figure 1: Graphics for moon state

3.2 Teachable Agents

All of the TAs from the original game will be available in
Math in Space but in a new form more suitable for the new
theme. This will tie the game together with the original and
give a sort of familiar constant which we believe will be
helpful for the students, especially those with lower self effi-
cacy. It is also good for students who formed a good relation-
ship with their old TA.

There will also be new TAs (an alien and a robot to fit
with the theme) available for students who might be bored of
the original ones or for some other reason did not like them.

3.3 Friends of ten - “At the bus stop in the world of pop-
plers”

The one subgame implemented during this project is based
around the math concept “friends of ten”. The subgame takes
place in the world of popplers where ten popplers are waiting
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at a bus stop on a hill. (A poppler is a small alien character
that we have designed. They live in harmony with their plan-
et, using environmentally friendly fuel and living in cozy
caves underground. They are also very fond of jellybeans).
Above the bus stop there is a busy space-road. Suddenly a
moving truck jerkily flies by and accidentally drops two
empty boxes over the now very confused popplers. X pop-
plers get caught under one of the boxes and Y under the oth-
er. The popplers run chaotically under the boxes down the
hill. Then a gust of winds grabs one of the boxes and it blows
off, revealing Y popplers. The student is now prompted to
determine how many popplers are under the other box. Input
should be made using a scroll wheel, and when the remaining
popplers have been correctly determined all the popplers
happily return to the bus stop. Just in time a bus comes and
picks them up thus ending a round of play.

3.3.1 Feedback in “At the bus stop in the world of popplers”

Feedback is given both visually and vocally. It is especially
important to give feedback when the student is wrong. The
amount and kind of feedback is designed in order to let the
student benefit and learn from a mistake. When a student
proposes a too small number, this number of popplers will
come out of the box and join the other popplers. A voice will
tell the student that more popplers remain under the box and
the student is given a new problem based on the error from
the first guess. This gives the student visual feedback on the
number they guessed and an opportunity to learn from the
new problem. When the student answer correctly we hope
our feedback solution will show the student how much she
was wrong before.

When the student answers with a number
that is too big all the popplers will come out of the box. A
voice will tell the students that there are no more popplers
under the box. The popplers that were under the box will get
curious and will go under the box to check, thus reversing the
problem. The student now has to answer again. All vocal
feedback can be found in Appendix B, where the feedback is
explained together with the corresponding scenario.

3.3.2 Scaffolding in “At the bus stop in the world of pop-
plers”

Three different kinds of visual scaffolding are currently
available for this subgame. One is based on relations between
X and Y, and two are based on the size of the hidden variable
X.

* Moving as a scale. Popplers move slower if they are
more under a box because they are pulling in all direc-
tions. This leads to that boxes with fewer popplers
underneath will reach further down the hill, and gives
students the clue that the gap between the boxes corre-
lates to the difference in number between the popplers
underneath. The levels are mathematically divided to
give a correct weigh feeling.

* Bumps on the box. The popplers underneath a box will
occasionally bump into the walls. The numbers of
bumps on the box are equal to the number of popplers
underneath, and more frequent bumps correlates with
more popplers. This gives a clue about the size num-




ber.

* Different width on the box. The more popplers the
wider box. The box size will be proportional to the
amount of popplers. When five popplers in each, the
boxes will have the same width.

4 Design process and design decisions

4.1 Design goals and structure of the process

At an early phase the design group did set the goal to keep
the principles and structures of the Magical Garden in order
to obtain a consistent user experience and because of Magi-
cal Garden’s sound foundation on research and well-known
cognitive theories. Using this foundation the design group
aimed to introduce a stand-alone extension that would appeal
equally to boys and girls at 1+ grade age. In Sweden, this
means children in the age of 7-8.

Managing the design strategy process and implementa-
tion of the prototypes followed the iterative design process
that Kathryn Best (2006, p. 112) describes with preparation,
incubation phase, insight, evaluation and elaboration. Char-
acteristics of the design process are that it evolves practically
from tried and tested ways of problem solving and is contin-
uously refined by a design team. The design team

Defines the problem
Develop better understanding of it
Conceptualize the problem

Detail the design solution and

A

Test or implement a solution.

The process is not sequential or linear. The process of the
actual project was divided in iterations since these are needed
for adapting the changing conditions of the design space,
making mistakes and backtracking important and necessary.
This is the reason this design group utilized possibilities to
evaluate and motivate the design decisions continuously.
When developing software it is important to be able to adjust
and improve the product during the whole project. When
implementing and performing tests the problems not found in
the lo-fi prototyping process are shown.

1. Defining the problem

To define the problem, the current Magical Garden sub-
games were played and analyzed. The literature, getting fa-
miliar with other mathematical games, supervisor/apprentice-
ship meetings with Haake and Gulz at Lund University and
speaking with teachers of first grade students offered good
ingredients for the brainstorming sessions. The focus was on
presenting ideas freely and not limiting them with any re-
source issues. Benefits of the brainstorming method for prob-
lem-solving are that the design group does not need to be
experienced in this technique, the inhibition and defeatism is
not blocking ideas so easily, the enthusiasm in group is con-
tagious and the group members tend to be eager to top oth-
er’s ideas (Adams, 2001).
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2. Develop better understanding of the problem

Having visualized and presenting ideas in different forms is a
prerequisite of evaluation and helps to share the idea and
create understanding of the problem. Sketching helps with
refining the ideas. Ideas from head to hand and to paper can
be presented in different ways: for example sketches, mood-
boards and storyboards (Krisztian & Nesrin, 2006). Sketch-
ing was used for the mind mapping, and lo-fi prototyping
was a combination of sketches and moodboarding, that ex-
press more the atmospheric qualities of the design. The first
sketches on paper were represented early in the process. Su-
pervisor meetings were the source of feedback and helped
the design group to evaluate the sketches.

3. Conceptualize the problem

At the conceptualization phase the pieces start to fall into
place (Best, 2006). Formulating the ideas further included:
refining and detailing the sketches and adding mood board-
ing. With the mood boarding ready describing the items that
the game players can collect, and conceptualizing the math-
ematical task in form of a sketched storyboard were made
here. Storyboarding was not done in a sketch form, instead of
sketching three films were edited in order to present the idea
more convincingly and consequently, getting more and better
feedback from the evaluators, present on a mid-presentation.

4. Detail the design solution

While designing the game the design group tried to keep
some design principles in mind. Norman presents seven prin-
ciples for transforming difficult tasks into simple ones. Nor-
man advises to (2002, p. 188).

. Use knowledge in the world and in the head.
. Simplify the structure of tasks.

. Make things visible.

. Get the mappings right.

. Exploit natural and artificial constraints

. Design for errors.

. Use established standards

NNk W

These principles have been helpful while building up our
foundation, creating a good concept where the feedback and
scaffolding solutions helps instead of knocking over. They
were also helpful to us when brainstorming up solutions for
each scenario.

5. Test or implement a solution

During the iterations, the feedback was collected from the
supervisor meetings, meetings with the other design groups
and finally from an interview with two teachers concerning
the concept. After that, a more detailed prototype version of
the concept was created on basis of the evaluation of the
films. Here the new graphics were designed and used.

4.2 Brainstorming

The first step was an exploration of existing games in Magi-
cal Garden in order to find ways to adjust the Magical Gar-
den concept to older target group of 1+ grade students and



something that attracts both genders. Before the first brain-
storming session we talked to primary school teachers about
their teaching experience and how they use technology in
their teaching today. We asked what possibilities they have in
their schools and how much they integrate technology in
their teaching. Since we went to elementary school a lot of
the teachers teaching processes have changes, so our own
experiences are not up to date.

Almost directly after we got assigned our project we all
agreed on making something new and creative where we
would set the standard. The theme was already born before
the brainstorming — space — and little effort was made to find
alternatives. The idea is that after learning with Magical Gar-
den during the pre-school years something completely new
will inspire the children to keep learning math. We proposed
a new theme for two reasons. First, from our own experience,
starting 1st grade is a big step in life and we want this game
to follow that step and provide the students with the feeling
that they reach a new level of learning. This is also supported
by Anderberg et. al (2013). Second, our goal is to motivate
both genders. We hope this new theme and graphics will mo-
tivate the 1st grade students to keep learning with TAs.

We decided quickly that we did not just want to do a sub-
game, but develop a novel concept including at least one sub-
game. Our goal should be to create a product ready to be
used. For the product to be complete we needed a home state
where the student can use its collected stardust and a game
where the student can learn math and earn more stardust to
its collection.

Our first idea was to create a sub-game that would teach
’the number neighbors”. This changed after some more re-
search, when we learned that this was too easy for the aver-
age lst grade student. We wanted a challenging and fun
game, in an environment where everything is possible. The
concept aimed to support the knowledge in the head of a lev-
el of 1« grade student and apply this knowledge gradually to
the tasks that equal their impression of a world. That is when
the concept of “friends of ten” was chosen.

The design group aimed to keep the task structure simple,
available, and visible. An example of this design considera-
tions is the game’s new start button: During testing of the
present Magical Garden sub-games, the design group consid-
ered parts (like the start and exit) of the user interface diffi-
cult. For example, an anchor as a start button did not show
clearly enough that the game actually starts when being
pressed. Also the water pot was visually confusing, because
the part where the water would be dropping was pointing out
of the garden. In addition, the graphics and the environment
in the game did not meet the requirements of 1+ grade stu-
dents.

4.3 Mindmap

During the brainstorming we created a mindmap with our
best ideas. We connected all the different parts required for
each sub goal. Quickly the functions and things we wanted to
evaluate escalated. A timespan was made to structure our
goals for each week. Minigoals and deadlines were decided
to easily give us an overview of reasonable goals and limita-
tions to succeed. Step by step we broke down the project in
parts to focus on in Interaction 1 and decided what to be the
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main focus in Interaction 2. We decided to save some func-
tions to implement if there would be time over. We wanted to
keep a high quality and focus on getting the game finished,
ready to be played.

Figure 2: Mind map over project scope

4.4 Low-fidelity prototyping

Creating a low-fidelity prototype is the perfect step when
developing a new project. It is cheap, takes little time and
helps the whole project group to visualize all thoughts about
the desired result. In our low-fidelity prototype we simply
used paper, pen and scissors to draw all parts and create the
environment we wanted. This was to more easily make our
vision of the concept clear to everyone in the group. This was
really helpful when deciding how the game should be played
and how and where the scaffolding should take place.

4.4.1 TA:s

We decided to include the already existing characters of
Magical Garden, and embody them in our space theme. The
existing TA:s would be dressed in space suits. This would not
only give them the right equipment to easily survive in space,
but also help the students to recognize the characters they
may have grown to befriend. We also wanted the space con-
cept represent a next step in their mathematical development
to be reflected by the TA:s.

In addition to the old TA:s we also wanted to develop
new TA:s. One of the reasons for this was that the panda beer
Panders had received poor response from boys and we want-
ed to leave room for experimenting if the character Panders
was responsible for this or if there was a more general prob-
lem with respect to gender in the implementation of TA:s in
Magical Garden. The other reason was that we wanted to
provide fresh alternatives for students that might be bored or
for other reason didn’t like their old TA.

A benefit of using a space theme concept is that it gave us
opportunities to experiment and try out a wide variance of
different, crazier character types. As a proof of concept we
developed several different alien types to later possibly be
tested on students to see if girls versus boys are drawn to any
specific character traits or characters. Afterwards we decided
to go forward with the old characters and two additional
agents: a friendly robot and a cute alien. The new characters
plus Panders in a spacesuit have a slightly new graphic pro-
file. We hope this design will be more appropriate for 1st
grade students.



Figure 3: New space-themed TA:s

4.4.2 Moonbase

The moonbase is the home state of Math in Space. This is the
place where the student can repair or adorn her or his space-
ship. The only way to get to do this is by playing subgames
and collect stardust. The spaceship is used to transport the
student and the TA to the mathematical subgames. This gives
the students a relevant link between exploring the subgames
and improving their spaceship. The spaceship will be visual-
ized in the background for each subgame in some context
and when the student is finished with the subgame the rocket
will travel back home to the moonbase. The aim of the
graphic design choices is to inspire the student to play sub-
games on the colorful planets rather than just be inspired to
build her or his rocket. That is why also only a few changes
can be made before the student is out of stardust.

Figure 4: Lo-Fi over moonbase
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4.4.2.1 Motivational role of stardust

Stardust is a main part of the logical cycle to get the students
to repeat the rather monotonous mathematical subgames. The
students collect stardust from completing a subgame, travel
back to the moon base to build or change new parts on their
rocket, and quickly get back into the subgames to gather
more dust. Stardust is magical, creative and can easily be
stored in an infinite amount in a bag. It was important to use
something that belongs in space, but still is believable
enough to be used to switch parts on a spaceship. It will
hopefully be a magical visualization and give the feeling that
everything can happen in space.

The stardust will be collected and presented in a bag in
the upper right corner and will be displayed throughout the
whole game. The more dust you collect, the bigger the bag
will grow. To give the students passive learning about num-
bers and about larger-smaller number relations, the amount
of stardust in the bag will be printed on it using its numerical
representation.

4.4.2.2 Motivational role of rocket parts

The rocket will serve the same role as the garden in Magical
Garden, but in a more motivating way. When replacing parts
the student is given the option of where to replace a part, but
not what to replace it with. This gives each student an obvi-
ous personal game progress, yet makes it hard to compare
progress with fellow students.

It will be possible to build up the rocket in a theme.
Cheese theme, spaceship theme, animal theme are the de-
signed themes for now. The goal is to give the students the
possibility to have a randomly or symmetric rocket.

When changing a part the student has to press a part of
the rocket and the chosen part blinks to give the student
feedback on which part to adorn. The student can now chose
to buy a part with her or his stardust. Depending on the result
the TA will give a vocally relevant comment. If the part is
changing the stardust will randomly be thrown over the part
and the new part will emerge. At the same time the bag in the
upper right corner will become thinner and the amount will
decrease with minus nine. Nine was decided because the
learner will passively be exposed to all numbers. When the
bag contains less than nine units of stardust the TA will sug-
gest to press play. More about the vocals can be found in
Appendix B.

Figure 5: Lo-Fi over rocket parts



4.4.2.3 Motivational role of planets

The moonbase will be a purposely rather bare and cold place
with limited activities to take on. The purpose behind this is
simply to not keep the students in this state rather than play-
ing the mathematical subgames. In contrast to the gray moon,
the students will see colorful and fun planets representing the
mathematical subgames, hopefully pushing the students to
quickly want to keep playing rather than putting too much
time in rocket design. One is not able to interact with the
planets, nor to chose which planet one will travel to. The
only interaction outside the rocket will be to simply press

play.

4.4.2.4 Play button

To give the play button a stronger meaning of linking the
build-state and subgames together we chose to sketch it as a
detonator. The students will see their TA take a seat in the
rocket they have built and with the rocket the TA and the
student together will fly to the subgames out in space.

4.4.3 Friends of ten - “At the bus stop in the world of pop-
plers”

1+ grade students in Sweden should automatically know the
friends of ten, nine, eight and so on. Our subgame will only
have the capacity to play out the 10 friends, thus with the
possibility to implement further alternatives. This is an im-
portant feature while one of our goal is to create a game at a
higher level of diffulty than Magical Garden and also to con-
tribute to students learning something central to the Swedish
grade 1 mathematics curriculum.

Before the subgame is ready to be played a short scenario
will introduce the story of it. The scenario is designed to be
self explanatory to the students so they quickly understand
what to do. It is also designed to motivate students to want to
help the popplers to get to school. As described in section 3.3
a space-road will be located up in the space air. This gives
the student some time to see all the ten popplers before the
moving truck accidentally drops down two boxes over them
to get a sense of how many popplers were waiting at the bus
stop. The scenario will only be played in the introduction and
our goal is to keep it short and not draw too much attention
from the actual math tasks.

The first time the student is playing the game a lot of
scaffolding and feedback will be present and while the stu-
dent improves her or his understanding of the math concept
clues and help will gradually be removed.

Figure 6: Lo-Fi of subgame
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4.4.3.1 Play Scenarios

Similarly to Magical Garden we have chosen to play the
game scenario in three steps. At first the student plays by
herself to get a feeling on how the game is played and to get
an understanding of the math concept. Depending on how
well developed skills the student has, corresponding feed-
back will be provided.

In the second step, when the student has figured out what
to do, the TA will get out from the spaceship and vocally
describe its curiosity for how the student can know the cor-
rect amount of popplers hidden under the box. The TA is still
insecure and prefers to watch the student play one more time.

After this comes the third step where the TA is excited to
learn and wants to try to play. The aim is that the TA answers
proximately compare to the students earlier results. The stu-
dent will then need to approve the TAs answer before the two
find out if the TA was correct. The goal is for the TA to get
all answers right.

With respect to motivation we have decided that stardust
will be collected for each correct answer. When the left box
reveals the hidden popplers and blows away some stardust
will be thrown and the money bag will increase with +1. We
hope this will keep up the learners motivation during the
whole game by them being continuously awarded. Depend-
ing on the learners mathematical level the amount of rounds
will differ and by this solution there will be no comparison in
collected stardust during one session between the students.

4.4.3.2 TA interaction

The TA will interact with the student at their level of com-
munication, that is similar communication and language that
1« grade students’ use between each other should be applied.

The underlying goal of the interaction with the TA is to
force the student to take the “teachers” place and tell when
the TA is right or wrong. The aim is that the TA and the stu-
dent should create a bond between each other, and that the
better friends they become and the more skills they achieve
the more stardust and positive feelings will be given.

Depending on the different answers and if the TA is
watching or playing, specific selected feedback will be given.

On the moon base the TA will speak to the student in a
friendly way. The TA will explain the meaning of the rocket
and give compliments when a part is changed.

4.4.3.3 Scaffolding using the boxes

When the student needs aid to understand the mathematical
concept the boxes in the game will give clues on how many
popplers are under the box.

The boxes will also indicate a feeling that relates to scale;
they will differ in how far they can run down the hill. When
there are more popplers under a box this will slow down the
box’s speed because all the popplers running in different di-
rections. Also when all popplers are gathered together they
will be jumping on the bus at the busstop. This gives the log-
ical reason for one poppler to have the furthest way to the
busstop.

The boxes will when running down the hill be wider if
there are lots popplers underneath and smaller with fewer. If



there are five popplers in each box the boxes will have the
same width. When the student does not need all the scaffold-
ing any longer, the boxes will have the same size and always
be in a horizontal line.

4.4.3.6 Scroll Wheel

This was not implemented due to time constraints, but we
consider it an important feature and have explored and dis-
cussed the feature quite extensively during the project.

The idea was to try out a scroll wheel as device for the
learners to give their answer. The reason was to introduce
something new compared to Magical Gardens answering
opportunities. We believe that a scroll wheel is a feature that
7-8 year olds can handle. Nielsen (2010) holds kids in the
age of 9 and older can manage such a feature but we believe
that with the trend of usage of Apples products and Nielsen's
article now being a few years old the age is already lower
than Nielsen proposes.

The scroll wheel will be placed to the left of the box. On
the box a question mark will pop up to give a direct link for
the player what to do in the game.

4.5 Concept videos

The reason for making our concept movies was to be able to
visualize all parts in our game and figure out if things were
missing or overwhelming. The movie was also meant to
bring up feedback from the mid-presentation to get ideas and
criticism from people outside our project group.

Figure 7: The group filming concept videos

4.6 Mid-fidelity prototyping

For our final presentation in Interaction 1 we animated our
concept with our new graphic design. Here we could show
what happens when buttons get pushed and show some of the
feedback we were about to implement. This design also
helped us with decision of colors and animations in order not
to distract students attention from focusing on the math ques-
tion and thinking about how to group the popplers in the best
way.
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Figure 8: Mid-fi presentation

5 Prototype

5.1 Results

The following figures are screenshots taken from the final
version of our prototype.

5.1.1 Moonbase

Vem vill du bli kompis med?

Figure 9: Character selection

Figure 10: Default state of moonbase
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Figure 13: Rocket lifting off after pressing play button . ' . . ' '

5.1.2 Poppler World

Figure 16: When answering how many popplers are in
the other box
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Figure 17: The bus arriving after the player has picked the
correct amount. Stardust flies out from the buss and into the
pouch.

Figure 18: Popplers get on the bus.

5.2 Tools

We stored the code base in a Git repository through BitBuck-
et. This allowed us to work in parallel and handle merge-con-
flicts and other configuration-management problems in a
controlled environment. IntelliJ IDEA was used as a coding
platform. We choose IntelliJ IDEA because it’s a free and
powerful tool for Javascript with good Git integration and
error handling. Grunt is used for on the fly compiling and
testing in the original Magical Garden project and we saw no
reason to replace it. We used Trello as scrum board to easily
keep track of which task every group member currently work
on and which tasks that’s next to be done. All illustrations are
drawn and vectorized in Adobe Illustrator CS6 and can easily
be scaled to bigger and smaller versions, in case of develop-
ing for platforms with higher resolution. Audio files have all
been cut and edited using Final Cut Pro.

5.3 Implementation

The server side implementation, also known as the back-end,
is kept the same as in the original magical garden implemen-
tation (Malmberg, 2013). The reason is that we want to have
full compatibility between the data gathered playing Magical
garden in preschool and the data gathered in our game. For
this we have re-used Garden Data to store our spaceship. The
Garden Data table stores four different variables x, y, con-
tent_type and level. the x variable is currently mapped to the
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type of part (0 = top, 1 = mid, 2 =legs , 3=window ,4 =bot),
the string name of the type is also stored in content type for
easier reading and debugging. The style of the part is stored
in the level variable. the y variable is currently unused and
always set to 0. When implementing add ons they will be
stored at different y values. When starting a new Math in
Space game the player’s garden data currently need to be
cleared from earlier magical garden data. To avoid this a new
table have to be created in the back end for the space ship.
Stardust is stored under a players water variable, no cus-
tomization is needed for this to work.

To make it easier for developers to move between Magi-
cal Garden and Math in Space, the front-end of Math in
Space is built on the same foundation. i.e. HTML 5 and Java-
script using the Phaser game engine. Common elements were
imported from Magical Garden into Math in Space.

5.4 Code base

The code base was imported from Magical garden. common
objects have been left mostly intact and when needed to add
and replace objects it has been done through the Spacelnter-
face file instead. The Spacelnterface also contains some
functionality to replace name conventions with the backend
so that for example stardust is used instead of water in the
rest of the code base without having to change in the back
end. Unused states and files from the original Magical Gar-
den code base have been removed to avoid clogging up the
code base. Some reformatting still needs to be done.
v Cjs
v [agent
> [ agents
58 agent.js
E Character.js
v [ objects
» [ buttons
» [ Representations
EI ButtonPanel js
E- Cover,js
EI Menu,js
EI Modal.js
[5 Slider,js
[ss SpaceShip.js
[ss StarPouch.js
E WaterCan.js
v [ states
» [ subgames
[ss AgentSetupState.js
EI ChooseScenarioState.js
[ss EntryState.js
E GardenState.js
E MoonbaseState.js
[ NumberGame.js
[ss Subgame.js
E- _globaljs
55 _language,js
58 _pubsub.js
E backend.js
58 game,js
58 logger.js
[ player.js
E- Spacelnterface,js
[55 utils.js

Figure 19: class structure



5.5 Animation

Animations where done using TweenMax and TimelineMax
to chain them together. Due to time constraints only single
sprites are used instead of sprite sheets. Therefore some ani-
mations may look a bit stiff in comparison to other games.

5.5.1 Moonbase

The animations on the moon base are predictable and mo-
notonous. The planets moves slowly, stars are twinkling
slightly in the background and a comet is passing with a low
frequency. When pressing the play button the detonation
handle goes down and the fuse is lit. as the fuse is burning
down the TA moves into the rocket. Then the engines starts
and the spaceship flies out in space.

5.5.2 Popplerworld

The main focus of the animations in popplerworld has been
to give a good flow in the game. The upper road is set to
have traffic with a lower frequency than in our concept
videos to not interrupt the learners attention while still giving
the world a more natural and alive atmosphere. The Popplers
change their posture and expressions randomly to give them
more personality. This will also make them easier to separate
and count. The TAs animation is passive. It is an observer
and will not disturb the gameflow.

5.5.3 Skippable

Some of the animations have a skippable feature to provide
the students who already are already familiar with the game
the ability to skip them. Currently only animations in the
Moonbase are skippable. But in the future animations in
poppler world will also be skippable. The skippable anima-
tions should be when the game round is being set up and
when the answer is correct. Animations playing when the
answer is wrong should not be skippable. This is because the
animations provide valuable feedback and slows the game-
play down, encouraging students to reflect on their answer
and think before they act.

5.6 Audio

Sound design turned out to be one of the main difficulties
producing this game. It’s hard to tweak animations and
graphics not knowing how the object sounds will interact
with other factors in the game. Adding sound effects gives
the motions a complete new dynamic, which makes it impor-
tant to continuously add audio while developing new game
features.

5.6.1 Sound effects

Every sound effect and voice in the current version of the
game is either downloaded from free audio websites or creat-
ed by our own voices using mobile phone. The sound quality
might therefore vary during the different states of the game.
We first thought it to be easy designing sound effects to a
game concept taking place in space. Surprisingly it turned
out to be a real challenge when it came to making every
sound effect float smoothly together. The poppler voice is an
example of sound effects we rather quickly decided on, but
which later turned out to not fit in at all.
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5.6.2 TA voice interaction

The TA will mostly interact with the player in much the same
way as Magical Garden but with a completely new man-
uscript, as seen in Appendix B.

5.6.3 Narrator

Throughout the process we had problem with deciding how
to introduce a narrator who gives feedback and introduces
different aspects throughout the game. It isn’t possible to
have the TA do this since the TA isn’t always available in the
subgames and also because the TA is the student’s tutee and
can not all of a sudden know more than the student in order
to provide feedback. The original Magical Garden solves this
by introducing different narrative characters in all the sub-
games but we wanted the Narrator to be constant in all sub-
games. Our solution was to introduce the spaceships naviga-
tor as the narrator. It seems natural when arriving in a sub-
game to have the navigator explain where we are and what to
do. It is also expected of a navigator, or a computer in gener-
al, to be good at math which makes it reasonable for a navi-
gator to give feedback.

5.7 Player Input

5.7.1 Moonbase

There is not much interaction in the moonbase state. The
parts of the spaceship are clickable in order to have them
change. The play button can be pressed in order to leave the
state. There should also be some interaction with the Agent
(currently unimplemented) in order to give the agent more
personality.

5.7.2 Popplerworld

The interaction in Popplerworld is also sparse. The only in-
teraction is when the game prompts for an answer. The game
will react differently depending on the answer given as de-
scribed in 3.3.1.

6 Test and evaluation

At an early stage in this project we interviewed and tested
two teachers to receive feedback on our ideas and lo-fi proto-
type. The teachers encouraged us about the concept of learn-
ing by teaching and one of them used it already in school, but
not with technology. The two teachers, with no previous ex-
periences with the concept of TA in a digital mathematical
game, were positive towards the idea. They also emphasized
the fact that students in this age prefer different kinds of
games. This was an important input to our knowledge. The
teachers considered our idea of rewarding students with
something important while it is likely to motivate the stu-
dents to try harder and keep focus longer. Both our theme
and game concept, design and structure were appreciated by
the teachers.

One important feature we had not taken into account was that
use of mathematical terms and vocabulary, which the two
teachers had on their wish-list. We therefore thought about
providing more feedback with the possibility to see the addi-
tion and subtraction in mathematical terms for the more ad-



vanced students. More detailed information about our results
and analysis can be found in Appendix A..

7 User test evaluation material

7.1 Background

This section describes the evaluation test we have come up
to, where everything is thought through.

The test is supposed to be performed in two phases. The
goal is to use the first phase to collect information needed for
the second phase where the final test is performed. The first
phase includes a visit at the school where the test should be
performed in order to get familiar with the students and the
environment. Goals are to create a better understanding of
the test environment and to get greater knowledge in how to
communicate with students at the age of seven. It is impor-
tant to be able to communicate on the same level as the test
persons to receive better end results (Girard, 2011). The pur-
pose of the first visit is to find out how to use the technology
and figure out how to keep the students that are not doing the
test busy. According to Girard it is important to entertain kids
in this age and keep in mind that all kids are not the same.
Our goal is to get the kids to understand that they are the
experts and that we need their knowledge and input. To cre-
ate a secure environment for the students the testing will be
performed in pairs, decided by their teacher (Nielsen, 2010).
Even if Girard holds that kids do not need anything in reward
we have decided to create and give out a Math in Space cer-
tificate thanking them for their expertise. The aim is to create
a bound with the students and hope they will go home and
talk about what they have done in school.

7.2 Purpose

The test is structured to give data that will help us to answer
if we have succeeded to fulfil our goals with the project. The
purpose of the test is to see if the game is working without
any bugs and the final test serves to find answers to the fol-
lowing questions:

Do 1st grade students understand what they can do on
the moon base, how to go to a subgame and how the
implemented subgame is played?

Is the space theme a good environment for both girls
and boys?

Is the subgame challenging enough?

What are the responses on the new graphics compared
to the Magical Garden graphics?

Is the scroll function to complex or will the students
master it?

7.3 Method

7.3.1 Test Environment

The test is supposed to be done at school in Lund. The aim is
to let at least six girls and six boys play and evaluate the
game. We have decided to split up the test in two visits.
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7.3.2 First Visit

The purpose of the first visit is simply to get to know the
students and find out how to perform the real test with the
technology working. The first visit’s goals is to understand
the communication barrier between us and the students,
come up with how to structure up the logistics with the
teacher and where to execute the test. The presumption for
playing Math in Space is that the students are familiar with
the original game Magical Garden and with us. In this first
visit all students involved in the test will play Magical Gar-
den.

7.3.3 Second Visit

The second visit should be done close into the first visit so
the students still will recognise us and remember the Magical
Garden concept and graphics. The test will be performed
with the same students and structured with the help of the
teachers.

7.3.4 Data collection (observations, analysing, interviews
with the kids)

The test will be mostly done with a short introduction to the
students about their assignment. Observation methods will be
used and an open conversation during the test might be need-
ed if the students are shy to open up for discussions. At the
end the kids will individually get to answer a survey, see Ap-
pendix C. This is to be able to study possible differences be-
tween boys and girls.

7.4 The test

The students will test the game in pairs decided by their
teacher. The aim is to test on two pairs of girls, two pairs of
boys and two pairs with both genders. The test will take ap-
proximately 20 minutes and be followed by an informal con-
versation with the kids and with finally letting them answer a
short survey. The survey will primarily use pictures and be
written in Swedish.

7.5 Result

This section will not be done in this interaction course, while
the time is to short. However the aim is that if a new group
takes this game forward, this test should be the first thing
performed, in order to illuminate whether both girls and boys
like the space theme, whether the game is appropriate — at-
tractive and sufficiently challenging — for 1st grade students.

8 Discussion

The Math in Space concept might be appealing to boys with-
out losing the interest of the girls. This was hold by the
teachers that we interviewed, and we agree with their belief
but it is yet to be tested with students themselves.

When analyzing the teacher feedback on our lo-fi concept
we realized that mathematical terminology is way underused
in the game and should preferably be expanded on. The only
current mathematical languages used concern weight repre-
sentation for the stardust pouch. The same, or other similar
representations should be included elsewhere. It is especially
important in our subgame in order to bring the knowledge



from the game over to other mathematical material used in
education.

From the teacher feedback we also got our hands on their
students current favorite math games and found the level of
flow and game animation to be way above the ones in Magi-
cal Garden. With our version of the game we believe that
game flow and realism is a great important to capture the
student interest. We have therefore tried to push ourselves
and go beyond the technical scope of Magical Garden in
order to create more realistic animations. By doing this we
have kept in mind that the students still should not be dis-
tracted by the actual purpose of the game; learning math. We
believe it is possible to do this within the current existing
game module, for example: this can be done in the Phaser
game engine by working with more advanced spritesheets
and implementing dragonBones skeleton animations for
characters.

We hope that future project groups will expand on our
version of the game. The possibilities of including new sub-
games are wide, both regarding scenarios and different math-
ematical aspects. Our subgame is based on friends of ten
since this, according to one of the teachers, is one of the main
problem areas in the first grade curriculum and is worked on
during the whole year. The teachers requested for other num-
bers than ten as well, which is something we already have
thought of in the design of our subgame. It will be very easy
to expand to other friends than ten, both larger and smaller.
When we chose friends of ten as the mathematical aspect for
our subgame, one of the reasons was that we wanted some-
thing that was considered “harder”. The reason was that we
felt Magical Garden was focusing primarily on students who
could be considered weaker and we wanted to also appeal to
students who are at a higher mathematical level. Because of
this there is a large gap between Magical Garden and our
Math in Space concept, which needs to be filled, from both
sides. There should be games that are on the more difficult
spectrum in Magical Garden and games that are on the easier
spectrum in Math in Space. And there should be a large over-
lap between the games. All this is needed to catch all students
regardless of skill level and create an individualized learning
experience.

We hope that Math in Space could actually be something
included in the lower elementary school schedule.

The goal of this project is still to be evaluated and ana-
lyzed and our wish is that a new group of students will con-
tinue with this project.

9 Future work

During the project we have come up with a lot of ideas that
we were not given enough time to develop. Many of these
ideas might bring about large conceptual differences from
what the game is today but we are very open for future
groups to further evaluate, develop and implement whatever
they believe might make the platform better. All new changes
and subgames created for Math in Space should aim to fol-
low the same quality, graphics and underlying structures.

9.1 Mathematical terminology

When showing our version of Poppler World to first grade
teachers they pointed out the lack of mathematical terminol-
ogy during the mathematical tasks. They reasoned that the
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students now are old enough to see equations in “normal
math terms”, for example including an ‘X’ under the box,
amount number under the popplers and a ‘“+’ inbetween. In-
troducing mathematical terminology in the game, both visu-
ally and orally to support the mathematical operations will
provide an interface for math in school books and learning in
Math in space.

9.2 Subgames

To cover the gap between the mathematical level to Magical
Garden more subgames need to be developed and included,
for example implementing a game which supports the con-
cept “number neighbors”. This is something that exists in the
curriculum of first grade and that students should learn but in
practice very little time is spent in class since students are
expected to know this from before.

9.3 Improve Poppler world

In the current version of the subgame, Poppler World only
includes friends of 10. In future versions the plan is to extend
and provide other number friends to learn. The number of
which number friends the student should learn might be de-
termined by either the teacher, or how well the student per-
forms in the subgame.

9.3.1. Scaffolding

As for futures scaffolding improvement we have had ideas
about experimenting with different colors of different
amounts of popplers. This is a scaffolding solution which
could improve the subgame a lot, and for future project
groups to further look into.

9.3.2 More variation on the popplers

Since The popplers are grouped together it is important to
give them distinct and unique features so that the individual
is easy to separate from the group. Popplers may have slight
differences in size, tint and expressions.

9.3.3. Scroll wheel

We always intended to have player input in Poppler World in
the form of a scroll wheel as we described in 4.4.3.6. Due to
time constraints we decided that it was better to keep the
current form of user input rather than create a badly imple-
mented scroll wheel. In the long term plan we still want this
to be implemented.

9.3.4. Role of TA

The TA is currently acting in the exact same way as in Magi-
cal Garden. We suspect that older children might find her or
his behaviour predictable, boring and mostly non interactive.
It is also probable that the current interaction is too slow for
friends of ten, which requires some automatisation as it is
considered a core knowledge for math in the first grade.
Therefore we suggest that the role of the TA and how it acts
in subgames to be evaluated and improved. We also suggest
considering and evaluating how adding a fourth phase of a
“hard” subgame where Panders has the role of a digital peer
i.e. are on equal term as the student.



9.3.5 Voice and sound

The Poppler World audio are all last-minute made and could
definitely be improved on. In the current version most sound
effects don’t go together and are unnecessarily annoying.

The current voice introducing the subgame are also last-
minute made, based on an idea to have the rocket explaining
how the subgame works. We had to use an external voice to
introduce the rules since the TA doesn’t enter until phase 2.
The idea of having the rocket speak is just a fast fix solution
which could be solved in other way. This is hopefully for
future groups to further evaluate and develop.

9.4 Improve Moonbase

During our project we focused most time getting the moon-
base as well developed as possible. There it little room for
larger conceptual changes, but of course room for further
extension of what already exists.

9.4.1 Rocket paint

There are now only 5 different painted parts of every rocket
part. This is something we wish for future groups to extend.

9.4.1 Rocket addons

The base idea is to have two choices of changing your rocket,
either paint or add. Paint is stated above and currently im-
plemented in Moonbase. The idea with addons is to put
smaller parts och the painter rocket, for example a tie or a
hat. Some graphics to this exists in our rocket part atlas but
currently not implemented and used. This is something we
wish for further groups to implement and extend on.

9.5 TAs

A main benefit of developing in space environment is the
great opportunities of introducing fun new TAs to implement
and evaluate.

9.5.1 Porting Magical Garden TAs

The current version of Math in Space includes Panders in a
space suit. We also intend to port the other TAs from Magical
Garden to our space environment.

9.6 Testing evaluation

Included in the report is an testplan and evaluation material.
We wish to perform more detail testing to found get more
data. One test would be to investigate which character that is
the most popular and figure out why. Some external random-
ized characters could be created to give a wider range to test
on. One important thing to keep in mind is that it is a game
supposed to only be used in school during mathematical ses-
sions and is to be compared with a math book. The reason for
mentioning this is that kids in this age plays a lot of games
outside of school with a totally different design.
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10 Future case

Projekt 1: Math in Space — Testa samt utveckla delspel for ak
1

Bakgrund: Spelet dr implementerat enligt HTML5 och i
dagsldget har vi ett ramverk till spelet i Math in Space samt
ett delspel anpassade for 6-7-aringar. Spelet ar utvecklat av
en projektgrupp i Interaktion 1 & 2 ar 2014 som hade stort
fokus pa utvecklingen. Spelet och dess teoretiska bakgrund
ar darfor dnnu inte testat.

Uppgift: Projektet handlar om att forsta testa den exis-
terande versionen av Math in Space och dir utefter utforma
ett eget delspel (eller tvd). Konceptuell design med LoFi-
eller MidFi-verktyg (pappersprototyper osv.) ingar i utveck-
lingsprocessen. Man kan dven arbeta med HiFi-implementer-
ing i t.ex. HTMLS5.

Intressenter: Grupp 2b 2014, Educational Technology
Group LU/LiU, Stanford School of Education, Elevdata,
Natur & Kultur, Linnémiljén: Cognition, Communication &
Learning.

Projekt 2: Math in Space — Teachable agents

Bakgrund: Learning by teaching ar en vildigt kraftfull metod
for larande och en hornsten i Magical Garden projekten. Den
implementation som finns idag &r linjédr och i en trestegs-106s-
ning. Det har ocksa visat sig i pilottester att vissa karaktirer
ar ointressanta for speciellt killar och att de foredrar att spela
pa egen hand.

Uppgift: Utvéirdera nuvarande implementation av Teach-
able agents i Magical Garden eller Math in Space. Se dver
vilka karaktirer som dr intressanta och varfor. Utforma
forslag pa fordndringar i utformning av teachable agents och
interaktionen med dem.

Intressenter: Grupp 2b 2014, Educational Technology
Group LU/LiU, Stanford School of Education, Elevdata,
Natur & Kultur, Linnémiljon: Cognition, Communication &
Learning.
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Appendix A

Evaluation with Teachers on first Interaction

Two teachers were asked questions concerning digital tools
and motivation when teaching 1+ grade students and they got
chance to give feedback on Panders Space concept. Their
answers are presented below.

1 Digital resources in development of mathematical skills

Both of the teachers considered that it is important that
the students learn mathematical vocabulary and learn to
communicate in mathematical terms. The mathematical
tasks should be represented in several different ways in the
game. It is also important to adjust the level of the tasks so
that they correspond the individual level of each student.
There should be an attractive reward system in form of
points, collecting or building something with help of the re-
ward. The teachers had no experience of TAs in the games
that their pupils have been playing at school, but it was con-
sidered to be positive feature. Also, one of the teachers men-
tioned that she uses learning by teaching in the classroom.

2 Important features of games in learning mathematics

Different students like different kinds of games. For exam-
ple, some prefer competition or playing in groups and some
prefer playing on their own. Different alternatives are avail-
able. A teacher mentioned two types of resources: one type
that focus on more experimental mathematics and the other
type focus on training the skills. GeoGebra and applications
on web site of National Library of Virtual Manipulatives are
good for experimental mathematics. Arcademic Skillbuilders
or Ten friends of Digitalt Hjarta AB would fit better for train-
ing mathematical skills. King of Math Junior offers tasks
with variation. The details that make a successful game are:

1. The game offers possibility to communicate with
mathematical terminology in interaction with others.

2. The game offers different kinds of mathematical con-
tent in different kinds of representations.

3. The game takes error possibilities into consideration
and supports avoiding the typical misunderstanding of a
specific mathematical content.

3 Motivation of the I+ grade students

When using mathematical games the teachers had not experi-
enced any difference between boys and girls. The games that
are adjustable to the personal needs of the students are the
most interesting ones. The rewarding is important and it is
interesting if the student gets a reward in form of getting to
build up something, develop something or transform oneself
into some figure etc.

4 Panders in Space is a useful concept

The teacher’s feedback on Panders in Space concept was
positive. According to both teachers the space theme is fasci-
nating and one of them mentioned that it is equally fascinat-
ing to boys and girls. The idea of hiding part of ten friends in
the boxes was appreciated, a teacher mentioned that it is a
good exercise also at school: part of matches will be hidden
in fists, and then, the children are shown the matches on one
hand and they will figure out how many matches are in the
other hand. TA was considered as an excellent feature that
the teachers use in the classroom, but has not been found in
the games that the teachers have been using.

5 Improvements to be considered on the basis of the teacher s
feedback

The fact that there are 10 friends concept in the game is
good, but an improvement would be if the student would be
able to practice also other amounts, for example 5 friends or
choose any amount of friends in the same game. It would be
useful to show the addition under the boxes and prepare the
students with the other levels of development, for example
subtraction or using more numbers.

On the basis of the feedback it is important to learn the
mathematical terminology and use the mathematics in differ-
ent ways. Scaffolding and learning by teaching are in use in
classroom and would be beneficial in a game. When getting
familiar with the other projects and observing during the
seminars, the design group came to the conclusion that it is
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very important to appeal as many senses of the students as
possible. The seeing, hearing and appealing to emotional
imagination in a positive way would be beneficial for differ-
ent kind of learners. In addition, it would be interesting to
offer the possibility to play in groups and individually.

6. Elaborated Examples the potential improvements

Ten friends under boxes: Add number ten and addition x + x
below the boxes. For example, 3 popplers could jump on one
box and the number under that box would show 3. The stu-
dent can then scroll the scroll bar below and select a correct
number. As soon as the correct number is selected, the stu-
dent gets the reward (stardust), and also audio feedback for
the correct answer (1 fanfare): the TA makes a volt and says,
“Jippii! More stardust! 3+7=10 and 10-7=3". Also, 10-7=3
will be shown in a thought bubble. This scaffolding prepares
the student for subtraction and the mathematical terms can be
spoken and shown in different ways. A new amount of pop-
plers and new number will appear and the student can con-
tinue immediately and in that way adjust the speed of the
game to the own skills.

If the student gives a wrong answer a sound reminding 3
funny farts comes out (pruut, pruut, pruut). If the answer
given is below the correct answer, the TA gives a hint by
showing its hands with 10 fingers of which 3 will disappear:
“Three popplers are out. (the popplers are jumping in the
rhythm of 3) Hmm, do I need to count again? Please help me
to choose a bigger number”. If the student gives a wrong
answer that is above the correct answer, the TA gives a hint
by showing its hands with 10 fingers of which 3 will disap-
pear: “Three popplers are out. Hmm, do I need to count
again? Please help me to choose a smaller number”.
Feedback from final presentation

The final presentation in Interaction 1 gave us some great
feedback and we came up to some parts to consider and take
decisions about. The most important questions to bring fur-
ther into development are:

* When and how will our TA be integrated and which
role will it take?

Is the scroll wheel quick and easy enough to under-
stand?

* Will the boxes take more time than needed when
each new math assignment is played?

* How many times will the student be able to guess,
what and when will the negative feedback be?

These questions have been discussed in Interaction 2, thus
the first two is still not solved and the third needs to be test-
ed. The boxes speed are improved from the feedback. The
last questions first part is not really solved while we have the
solution that when the answer is wrong the student get a new
problem. The feedback is discussed in the Appendix B.
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Appendix B

Vocally Manus — Interaction and Feedback

Allmant fran Agenten:

Variabel: ok1
Mening: “Okej”

Variabel: ok2
Mening: “Okej”

Variabel: ok3
Mening: “Okej”

Variabel: hej1
Mening: “Halla!”

Variabel: hej2
Mening: “Hej hej!”

Variabel: hej3
Mening: “Halli halla!”

Variabel: hej4
Mening: “Morsning korsning!”

Variabel: hmm
Mening: “hmm”

Variabel: laggAv
Mening: “Du, lagg av!”

Manbasen

Variabel: introMessage1

Mening: “Det har ar min raket. Den bestar av fem
olika delar.”

Héndelse: Besbker manbasen for férsta gangen

Variabel: introTop

Mening: “Ett tak”

Héndelse: Besbker manbasen for forsta gan-
gen, Top blinkar

Variabel: introWindow

Mening: “Ett fonster”

Héndelse: Besbker manbasen for férsta gan-
gen, Window blinkar

Variabel: introBody

Mening: “Ett Chassi”

Héndelse: Besbker manbasen for férsta gan-
gen, Mid blinkar

Variabel: introBot
Mening: “En motor”
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Héndelse: Besbker manbasen for férsta gan-
gen, Bot blinkar

Variabel: introLeg1

Mening: “Ett par ben”

Héndelse: Bes6ker manbasen for forsta gan-
gen, Leg blinkar

Variabel: introLeg2

Mening: “Och Ett par ben”

Héndelse: Besbker manbasen for férsta gan-
gen, Legs blinkar

Variabel: introMessage2

Mening: “Den &r inte sa fin som jag vill ha den.
Skulle du kunna Hjalpa mig att pynta upp den lite?”

Héndelse: Beséker manbasen for forsta gangen

Variabel: introStardust

Mening: “For att byta ut delar behdver vi stjarnstoft.
Jag samlar mitt stjarnstoft i pasen dar uppe”

Héndelse: Bes6ker manbasen for férsta gangen,
Agenten tittar pa pasen och vinkar med héger hand.

Variabel: introLeaveMoonbase

Mening: “Tryck pa antandningsknappen, sa tar vi
raketen och samlar lite stjarnstoft”

Héndelse: Besbker manbasen for férsta gangen,
Agenten tittar pa startknappen och vinkar med héger
hand.

Variabel: tooLow

Mening: “Typiskt! Vi behdver mer stjarnstoft for att
mala om raketen. Vi ger oss ut i rymden for att hamta
mer!”

Héndelse: ‘Klicka paint’ utan stjdrnstoft.

(Fler varianter)

Variabel: partPainted1
Mening: “Nu blev det Mycket béattre.”
Héndelse: En bit méalas om

Variabel: partPainted2
Mening: “Vad fint!”
Héndelse: En bit malas om

Variabel: partPainted3
Mening: “Wow!”
Héndelse: En bit mélas om
Variabel: letsGo
Mening: “Nu Kkor vil”
Héndelse: Klicka pa startbutton

Poppler World - TA speaking

Variabel: popplerintro1



Mening: “Vad hander har?”
Héndelse: Agenten entrar moment 2

Variabel: popplerintro2
Mening: “Vad haller ni pa med?”
Héndelse: Agenten entrar moment 2

Variabel: boxes
Mening: “WOHA?!”
Héndelse: nar ladorna faller ner éver popplarna

Variabel: moment2

Mening: “Vad ar det som hander egentligen? Kan du
visa mig?”

Héndelse: Nar hogra l1adan har blast bort

Variabel: moment3
Mening: “Jag tror jag forstar, nu vill jag férsoka.”
Héndelse: Nér agenten tar 6ver

Variabel: correction1

Mening: “Hade jag fel? Kan du visa mig hur det ska
vara istallet?”

Héndelse: Ndr man réttar agenten

Variabel: wrong1
Mening: “Ojda, det blev inte ratt. vi férsdker igen”
Héndelse: Nar agenten gér fel

Poppler World - Instructions (rocket)

Variabel: scanning
Mening: “Skannar planeten”
Héndelse: Innan man kért férsta gangen

Variabel: welcome

Mening: “Valkommen till popplarnas varld, Det
verkar som vi har TIO popplare som vantar pa bussen.
Avvaktar.”

Héndelse: Innan man kért férsta gangen

Variabel: howMany

Mening: “Hur manga popplare finns i den andra 1a-
dan?”

Héndelse: Nér hbégra ladan har blast bort

Variabel: howManyLeft

Mening: “Det finns fler popplare kvar i ladan. Hur
manga da?”

Héndelse: Ndr man svarat ett for lagt tal

Variabel: notThatMany
Mening: “Det fanns inte s& manga popplare i ladan”
Héndelse: Nar man svarat ett for hégt tal

Variabel: howManyNow
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Mening: “Hur manga finns det i ladan nu?”
Héndelse: Nar man svarat ett fér hogt tal steg2

Appendix C

Evaluation form for students in Swedish*

*This is just a suggestion and should be developed depend-
ing the focus of the evaluation and testing that will occur

Ringa in om du dr tjej eller kille

KILLE TJEJ

Ringa in din favorit karaktdr

Panders

add robot add alien




Vilken dr din favorit Raket bit?

"(IcC

a‘
/|

-
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The effect of gesture-speech lag on
comprehension

Sarah Alomari, Andrey Anikin, Joakim Bonnevier
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Background: there is evidence that the time window for
automatic integration of gestures and speech is narrow
relative to the delays observed in natural speech. In
particular, gestures often precede their lexical referents. We
argue that the time is ripe to study the pragmatic effects of
gesture-speech lag, since modern technology both makes
such studies easier to conduct and increases the relevance of
this question for human-machine interaction.

Method: 60 participants reconstructed formations of
geometric shapes based on six short instructional films,
which could be in full sync or with a lag of +/- 1.5 seconds
between audio and video tracks.

Results: the total score on six tasks was significantly lower
when the sound preceded gestures, but not vice versa.
However, for participants with lower spatial abilities
performance dropped even when gestures preceded sound.
Those with better spatial abilities were able to compensate
for this audio lag, but it appeared to take extra conscious
effort, since there was a tendency for participants in the
“delay” group to rate the task as somewhat harder and the
instructor as less efficient.

1 Introduction

It is widely accepted that gesturing serves a communicative
function. Manual gestures facilitate speech production, which
is evidenced by the fact that they persist when blind people
speak among themselves (Iverson & Goldin-Meadow, 1998)
or when the listener is not visible (Wagner, 2014).
Furthermore, gestures may improve listening comprehension,
especially when speech is ambiguous (Thompson &
Massaro, 1986) or when there is a lot of background noise
(Rogers, 1978). But how exactly are gestures temporally
related to speech? How important is this temporal relation to
normal communication? This is the point of departure for
this study.

An influential view, first formulated by Kendon (1980)
and then developed by McNeill (1985), is that “speech and
gesture are two surface forms of a single underlying process”
(Loehr, 2007, p. 182). In other words, gestures do not arise
from speech or vice versa: the two simply share a common
origin, namely Kendon’s (1980) “idea unit”. Their temporal
relationship is then determined by the semantic synchrony
rule and the pragmatic synchrony rule: if speech and gestures
co-occur, they must either present the same semantic
information or perform the same pragmatic function.
Theoretically parsimonious, this theory does not necessarily
explain all the details of speech and gesture use in natural
communication. One controversy concerns the automaticity
of gesturing. According to the “hand-in-hand” hypothesis,
the production of gestures simply accompanies the
production of speech; gestures reflect what is being said
(Wagner, 2014). Alternatively, there may be a trade-off

between the two channels: speakers rely more on speech
when gesturing is hard or ineffective, and when speaking
gets harder, gestures are emphasized (de Ruiter, 2012).
Compared to Kendon’s formulation, this view leaves more
room for gestures and speech to be produced and processed
relatively independently.

One robust finding is that gestures are generally
synchronized with the accompanying speech or slightly
precede it (e.g. Loehr, 2007; Treffner et al., 2008), albeit with
a lot of variability in natural conversation (Morrel-Samuels
& Krauss, 1992). Thus, according to a review by Nobe
(2000), gestures and speech tend to be perfectly
synchronized, but in 10% of cases the onset of gesture
precedes speech by about 250 ms, i.e. the duration of one
syllable. Furthermore, the preparation phase often anticipates
speech. But a new question immediately arises: are they
synchronized because this is necessary for successful
comprehension or simply because speech and gesture, as
claimed by Kendon and McNeill, stem from the same “idea
unit”?

One way to answer this question is to see how
comprehension is affected if we break down this natural
synchronization. Obermeier and Gunter (in print) used event-
related potential called “N400” to determine whether the
integration of speech and gesture is automatic or effortful in
different conditions, from perfect temporal synchronization
to a considerable lag (up to 600 ms). Since speech and
gesture exploit different modalities, this is a case of
multisensory integration, which is known to happen
automatically only when the two channels are fairly closely
synchronized. That much said, the exact window within
which a temporal mismatch is tolerated varies depending on
the nature of stimuli (ibid). In this particular study the time
window of automatic integration turned out to be
unexpectedly wide: from approximately -200 ms (audio lag)
to +120 ms (gesture lag). Notably, an audio lag was tolerated
better than a gesture lag.

There is also some evidence from other studies which
confirms that gestures are easier to integrate with speech if
they are realized slightly before their verbal referent
(Treftner et al., 2008). In another study N400 was greater to
mismatched versus matched gesture-speech sequences only
when speech lagged by 0 and 160, but not by 360 ms (Habets
et al., 2011). The authors conclude that gesture and speech
are integrated automatically when they fall within 160 ms of
each other, so that a gesture which does not semantically
match speech leads to effortful processing and evokes a
larger N400. However, if gesture comes 360 ms before its
verbal referent, this gesture is completely processed by the
time speech is heard, so that effortful and presumably
conscious processing is needed in any case, regardless of
whether the gesture matches the verbal utterance or not.

The view which emerges from these studies is that
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gesture and speech may be integrated either automatically or
with some conscious effort, depending on how precisely they
are synchronized. According to Habets et al. (2011), a delay
of about 400 ms prevents speech and gestures from being
automatically integrated. Presumably, at this delay the two
channels are processed relatively independently and then
may be fused into a single representation via high-level
cognitive processing. This temporal delay, however, is well
within the time frame reported for naturalistic conversations.
For example, in a large study Morrel-Samuels and coauthors
(1992) discovered that gestures were never preceded by their
lexical affiliates in their data bank, but the onset of gesture
usually preceded its lexical affiliate. In fact, the mean
reported delay was 1 second, and for less familiar words it
could be as long as 3.8 seconds! This result not only shows
that gestures may be more readily accessible than lexical
labels for complex concepts, but also emphasizes the simple
fact that gesture-speech asynchrony is a normal feature of
human conversation, for which humans must possess a
compensatory mechanism.

An important question to ask pertains to the mechanisms
of cross-modal integration, especially at longer delays. What
exactly happens if gestures and speech are poorly matched
temporally and fail to be integrated “automatically” back into
a single “idea unit”? An influential position in psychology
invokes the notion of “mental models” (Johnson-Laird, 1983)
or “situation models” (Dijk & Kintsch, 1983), which
accompany text-based representation. Situation models are
the listener’s holistic representations of the described
situation, which are integrated across sentences, modalities,
sometimes even languages and multiple documents or
conversations. Situation models also integrate the message
with background knowledge and expertise (Zwaan &
Radvansky, 1998). The temporal structure of messages is not
always linear. Grammatical rules being what they are, the
order of events in a narrative does not always correspond to
the order in which they are mentioned in a sentence: for
instance, we may say: “Before I opened the door, I had to
search for my keys for a few minutes”.

Seen in this light, a gesture-speech lag of a few seconds
leads to a special case of integrating information arriving
from different modalities and at different times into a unified
situation model. It may require a conscious effort, but it is a
task that humans perform all the time, and there is no a priori
reason to believe that it will present an insuperable barrier to
comprehension. Historically, the practical implications of
gesture-speech lag have remained relatively unexplored,
partly due to methodological problems with generating
naturalistic sequences with mismatched speech and gestures.
In particular, lip movements quickly give the manipulation
away, unless the face is hidden or computer animation is
used to separate facial from bodily movements. Such
technology has become available relatively recently. The
same technological advances also make the practical
implications of gesture-speech synchronization more relevant
today, when digital agents are becoming increasingly
common as chatterbots or virtual salesmen. Studying the
effects of gesture-speech (de)synchronization appears to be
an essential part of the effort to make computer-human
communication smooth and effortless. If very precise
synchronization improves comprehension and likability of
the computer-generated character, temporal alignment should

be prioritized by developers. On the other hand, just because
humans produce gestures slightly before or simultaneously
with the corresponding speech units, it does not necessarily
follow that this is always the optimal strategy from the
listener’s point of view. In fact, perfect synchronization may
even turn out to be suboptimal in certain conditions, in which
the verbal and visual channels may best be exploited
sequentially rather than in parallel. These questions remain
entirely unexplored, but the answers could drastically change
the way digital agents speak and move.

We suggest that the method of manipulating the temporal
alignment of speech and gestures presents a promising new
avenue for investigating the communicative function of
gestures, and that a purely pragmatic approach to measuring
the effects of gesture-speech asynchrony allows us to raise
and solve an important question of both theoretical and
practical significance: how does comprehension depend on
the temporal lag between gestures and speech? Two
alternative research hypotheses present themselves:

a) If automatic integration of gesture and speech is the norm,
their temporal misalignment can be seen as a special case of
gesture-speech mismatch with a large negative effect on
comprehension.

b) If gesture and speech are attended to as two independent
channels, it should be possible to compensate for their
temporal misalignment and tolerate a large delay without a
noticeable effect on comprehension.

A number of studies have already demonstrated that omitting
gestures or presenting the listeners with semantically
incongruous gestures negatively affects comprehension and
memory. For instance, Cassell (1998) reports that
mismatched gestures caused many more inaccuracies in
retelling a story compared to matched gestures, and in a
study by Goldin-Meadow et al. (1999) children were better at
reiterating the teacher’s speech when it was accompanied by
matching rather than non-matching gestures. We can take
methodological inspiration from these studies but look at the
effect of a temporal delay rather than semantic incongruity
between gestures and speech.

We know that gestures may precede their lexical affiliates
by 2000 to 0 ms (Morrel-Samuels & Krauss, 1992); we also
know that a lag of over 200 ms is likely to prevent the two
modalities from being integrated automatically (Habets et al.,
2011). From these two findings it follows that humans
routinely integrate gestures and speech with a varying degree
of conscious effort, suggesting that hypothesis (b) may be
correct. But is it possible to use gestural information at all if
the temporal lag is in the atypical direction, i.e. if speech
precedes gestures and not vice versa? Is the amount of
information available after automatic integration of well-
synchronized gestures and speech comparable to the amount
of information available after more effortful conscious
integration? How is performance on a task affected by the
need to do this integration? A simple way to find out would
be to design a practical task to which the auditory and visual
channels contribute equally — a task which can only be
solved if the participant attends to both. If we then
manipulate the lag between the two channels, the change in
performance will provide the most direct measure of how
successfully speech was integrated with gestures at different
time lags.



2 Methodology

Several tests were initially evaluated in a series of pilot trials.
The one chosen for the experiment presented participants
with the task of arranging geometric shapes based on a short
instructional video, in which an instructor used gestures but
did not show the objects. The gestures produced by the
instructor in this task were relatively focused and short in
duration, making their temporal synchronization with the
accompanying speech clearly relevant to comprehension. In
addition, this task could be performed incrementally, and
missing a single step of the instructions did not preclude
successful completion of later steps. Finally, it was relatively
straightforward to assess performance by comparing each
reconstructed array with a picture of the original.

Experimental tasks

Participants were either students recruited and tested at the
University of Lund or personal acquaintances of the authors.
Approximately every third participant was compensated with
a cinema ticket.

At the beginning of the experiment subjects were asked
to evaluate their ability to read maps (a skill judged to be
functionally similar to the demands of the main test). As a
practical pre-test, they also had to arrange small pieces of
paper (“furniture”) in the drawing of a room based on verbal
instructions (Fig. 1). The instructions were read by the
experimenter slowly, but without repetitions, and the
resulting arrangement was informally assessed on a scale of
1 (poor) to 3 (good). After this the subjects began the main
experiment, which consisted of six tasks. In each task the
participant was asked to reconstruct a formation of five
geometric shapes after watching an instructional video. The
shapes had to be selected from an array of 8 objects: two
boxes, two sticks, a ball, a can, a tube, and a small cylinder
(see Appendix). Participants were instructed to watch the
instruction videos first and to build afterwards, so that they
would not have to divide their attention between the videos
and the objects. The reconstructed array was photographed
for future coding, and the participant proceeded to the next
task. Sometimes the participants could not recall all five
objects; in such cases we did not press them to pick the last
object at random but accepted incomplete arrays of four or,
occasionally, three objects.

Three conditions were tested: unmanipulated film
(“sync”), 1.5 s audio advance (i.e. the sound came first and
the gestures 1.5 seconds later; “al5”), and 1.5 s audio delay
(first gestures, then sound; “d15”). The value of 1.5 seconds
was chosen based on the evaluation of the pilot study, where
subjects sometimes commented that something was wrong
with the video if the delay was 2 seconds or larger. At the
same time, some subjects in the pilot study managed to
perform very well even with a large delay, and shorter delays
of <500 ms did not appear to have any effect, making it
interesting to push this value as high as possible without
revealing the manipulation. All experiments were double-
blind: neither participants nor experimenters knew which
condition was being tested.

After completing six tasks, participants filled out a short
questionnaire, rating the difficulty of experimental tasks and
the efficiency of the instructor. They were also encouraged to
leave free-text feedback. Finally, each participant was

Fig. 1 A perfectly reconstructed “room” in the “furniture” pre-test.

debriefed and asked whether they had noticed anything
strange about the video and sound. If they did not report
noticing anything unusual, they were then asked directly
whether the video- and soundtracks were in sync. The entire
procedure took 15-20 minutes.

Instructional videos

Six short instructional videos were filmed by a hand-held
camera, which was placed high over the shoulder of the
demonstrator so as to provide an unobstructed view of his
manual gestures but not the face. The demonstrator was a
male student, who was told that the focus of this study was
the effectiveness of communication but did not know that we
were interested in the temporal relation between gestures and
speech. He was not specifically asked to use gestures but
simply encouraged to describe what needed to be done “as
well as he could”. For each task, a picture of the target
formation was shown on the screen of a smartphone, which
the instructor kept in his lap (off camera) while explaining
how to build it.

The recordings were then split into separate video- and
soundtracks, which were presented to experimental subjects
in PsychoPy (Peirce, 2007, 2009) in a randomly chosen
condition (0, +1.5 or -1.5 sec). Each soundtrack was
converted to a sample rate of 44100 Hz, filtered to remove
background noise, and normalized. In case of mistakes or
unwanted noise, such as the sound of a hand slapping the
desk, a new take was filmed. The final videos contained no
background noise and few cues that could allow the subject
to detect an audio lag. The videos were between 42 and 82
seconds in length. All participants in pilot studies confirmed
that they could hear the instructions clearly and were not
bothered by the slightly unorthodox filming angle.

Coding
The “furniture” pre-test was coded informally by one of the



authors (SA) for all subjects. All six main tasks were coded
independently by two of the authors (AA and JB) based on a
carefully defined and pre-tested algorithm, which awarded
points based on the correct choice of each object as well as
its position in two dimensions, three dimensions, and in
relation to the reference object mentioned in the instruction
to indicate the location of the object in question (see
Appendix). A maximum of 19 points could be awarded for
each of the six tasks, amounting to a maximum total of 114
points per subject. The coders were, as far as possible, blind
to the experimental condition, although it proved difficult to
be consistent in this regard because of the need to monitor
the numbers of participants in each condition and to debug
the program. Any disagreements in coding were discussed by
the two coders, and then either a compromise solution was
reached or, when the decision appeared to be purely
subjective, two different scores were entered in the database.

Statistics

All statistical analyses were performed in R (R Development
Core Team, 2008). The tasks varied in their difficulty, and
therefore it would not have been meaningful to do within-
subject comparisons. Accordingly, each participant
performed all six tasks in only one condition (between-
subject design).

The primary endpoint (outcome measure) was implicit
comprehension - the total score on all six experimental tasks,
i.e. the ability to perform the tasks based on instructions.
Each participant could receive maximum 114 points on all
six tasks from each coder. Since some subjects did score
close to this ceiling, it was judged inappropriate to apply a
linear regression and the scores were treated as proportions.
At the same time, simply adding the scores from both coders
would double the number of observations and thus lead us to
underestimate  standard errors in binomial models.
Accordingly, the scores from two coders were averaged and
rounded to the nearest integer; the weights in the model were
thus all equal to 114. Since on most occasions scores given
by individual coders differed by 1 point, this rounding is
conservative in that the higher of two numbers becomes the
effective score used for analysis. This outcome variable was
then modeled using generalized linear models (GLM) of the
binomial family. Differences between the six experimental
tasks were explored using a generalized linear mixed-effects
model (GLMM) from the Ime4 package (Pinheiro et al.,
2014).

Secondary endpoints were explicit measures of
comprehension and satisfaction with the instructor in the
experimental videos. Participants were asked four questions
pertaining to the difficulty of the tasks and starting with
“Was it hard to understand...”:

o “..the language?”,

» “...which shapes to use?”,

» “.how the pieces were in relation to each other?”
e “..what to build?”

They were also asked to evaluate the instructor in three

questions starting with “Was the instructor...”:
e “..clear?”
» “..self-assured?”
» “..professional?”

All secondary endpoints were measured on a Visual
Analogue Scale (VAS) from 0 to 100 in PsychoPy. Note that

in this case binomial distribution would not be appropriate,
since the score represents a freely chosen number, rather than
the number of success on many separately graded sub-tasks.
These variables were therefore assumed to be continuous and
analyzed using linear regression.

Self-evaluated ability to read maps was measured on a
VAS (0 to 100) and treated as a continuous predictor. The
score on the “furniture” pre-test was coded manually on a
scale of 1 to 3 and treated as nominal

3 Results

A total of 60 participants (29 females and 31 males) were
enrolled in the experiment: 17 in the “advance 1.5 sec” [al5]
condition, 23 in the “delay 1.5 sec” [d15] condition, and 20
in the “sync” condition. There were no significant differences
between experimental groups in baseline characteristics. Chi-
square tests demonstrated that all three groups were similar
in terms of gender composition (y2(2, N = 60) = 0.84, p > .5)
and the score on the “furniture” pre-test (y2(4, N = 60) =
1.52, p > .5). Linear regression of self-assessed ability to
read maps also failed to discover any effect of condition
(F(2,57)=0.09, p > .5). Total scores awarded by both coders
were very strongly correlated, demonstrating high inter-rater
reliability (Spearman’s » = 0.994).

Primary endpoint: implicit comprehension

Implicit understanding of the instructional videos was
assessed by comparing each reconstructed array with the
original and adding up the scores on all six tasks. Individual
variation of the total score per subject proved to be very
considerable, but overall the level of success was high: mean
absolute score (£ SD) was 92.2 (+ 11.2), or 80.8% (= 9.8%).
The distribution of raw scores in different groups is shown in
Fig. 2. Linear regression failed to find a significant main
effect of condition (F(2,57) = 1.30, p = .28). However, a
logistic regression fit for the total score per subject and
weighted by the maximum possible score (114) revealed a
significant main effect of condition (likelihood ratio test: L =
17.9; df = 2, p< .001). More specifically, the total score was
lower in the “al5” group compared to “sync” group (Wald
test: z = -3.86; p < .001) and compared to “d15” group (z =
3.57, p < .001), while there was no difference between
“sync” and “d15” groups (z =-0.44; p > .5).

It is quite likely that performance on the experimental
tasks is strongly affected by the individual spatial abilities of
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Fig. 2 Boxplots of raw total scores for each group
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Fig. 3 Predicted total scores per subject from a logistic model with three terms (score, maps, and their interaction) over the range
of reported self-assessed ability to read maps, with 95% confidence intervals. Raw data is overlaid as points marked by shape and

color, using the same colors as for regression lines.

each subject, and the effect of condition may depend on these
abilities. We therefore investigated possible interactions
between condition and each of two measures of underlying
spatial ability: a direct question (“How do you evaluate your
ability to read maps?”) and the score on a pre-test, in which
the participant had to arrange furniture based on verbal
instructions.

Self-evaluated ability to read maps proved a strong and
highly significant predictor of success. The inclusion of this
variable in the model did not influence the effect of
condition, i.e. the performance in the “al5”
group was still lower, even controlling for
possible differences in spatial ability.
However, in a model with interaction
between condition and the ability to read
maps the interaction term was highly
significant (likelihood ratio test: L = 131.6,
df = 2, p < .001). For those with average
self-evaluated spatial abilities, the effect of
condition is predicted to be approximately
the same as in the model without
interaction (lower scores in the “al5” group
and similar scores in the other two). On the
other hand, scores in the “d15” condition
are predicted to be high for people with
above-average spatial abilities and much
lower for people with poor spatial abilities. o
This model is presented visually in Fig. 3.

The left part of the graph should not
be taken too literally, since very few
subjects reported such low spatial abilities.

73

Total score out of 114

performance only in those subjects who are likely to find the
task difficult, but not in those who are good at solving such
problems. On the other hand, the effect of delaying gestures
with respect to speech was equally deleterious for all
participants, whatever their spatial abilities. This interaction
effect with spatial abilities can also account for the extreme
dispersal of results in the “d15” condition compared to the
other two conditions (see Fig. 2).

To proceed to the “furniture” pre-test, 6 participants
scored 1 (“poor”), 17 scored 2 (“moderate”) and 37 scored 3

Condition
Synchromy
Delay 1.53

low
Performance in a pre-test with furniture

high

Advance 1.5 5

What the model does suggest, however, is
that the effect of delaying speech with
respect to gestures leads to deteriorated

Fig. 4 Total score predicted for subjects in each experimental group with low vs high
spatial ability as assessed by a pre-test with furniture. Error bars show 95% confidence
intervals. Based on a logistic model for total score with three predictors: condition, score
on the “furniture” task coded as “high” or “low”, and their interaction.
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Fig. 5 Boxplots of raw total scores for each of the six experimental tasks, plotted by condition (n=60 for each task).

(“good”). Explorative analysis did not reveal any interesting
differences between those who scored 1 and 2 in terms of the
effect of experimental condition, and these two groups were
pooled together. A multiple logistic regression was then fit to
predict the total score based on condition, the score on
“furniture” pretest (redefined as high/low), and their
interaction. The predictions of this model are shown in Fig.
4. As we can see, among the group of participants who
performed less well on the “furniture” pre-test, performance
on six experimental tasks was significantly better in the
“sync” condition compared to “d15” and “al5” (mean [95%
CI] = 95.8 [93.0; 98.5], 81.4 [78.0; 84.7] and 85.1 [81.7;
88.6], respectively). On the other hand, among those who
performed well on the “furniture” pre-test, scores were
similar in the “sync” and “al5” condition and even
somewhat higher in the “d15” condition (92.7 [90.3; 95.0],
99.7 [97.9; 101.5] and 90.8 [88.1; 93.5] for “sync”, “d15”
and “al5”, respectively).

Another interesting aspect of the distribution of scores
is that, if we fit separate models predicting scores on
individual tasks rather than the total score per subject, the
effect of condition is only found for three tasks out of six: 1,
4 and 6. For task 1, subjects in the “delay” condition scored
higher than those in the other two groups (likelihood ratio
test: L = 8.5, df =2, p = .014). In task 4 and task 6 scores
were lower in the “advance” condition (L = 28.9, p < .001
and L = 11.9, p = .003, respectively). Multiple comparisons
of this sort may not be very reliable. However, in a GLMM
fit for the score on each task as a function of condition, task
and their interaction and nested for each participant, the
interaction term was highly significant (L = 36.3, df =10, p <
.001), again strongly suggesting that the effect of condition
was not the same for different experimental tasks. Tasks 4
and 6, in particular, stand out (Fig. 5).

Secondary endpoints: explicit comprehension

Exploratory linear regression models showed that there was a
weak tendency to have higher scores on questions pertaining

to the difficulty of the tasks in group “d15”. All four
questions presumably tapped into the same concept and
showed the same tendency, so the scores were added up and
modeled using linear regression (Fig. 6). No statistically
significant differences were discovered between any of the
groups, with or without controlling for individual spatial
abilities, i.e. the score on “furniture” pre-test and the self-
reported ability to read maps (p > .5 for all comparisons).
The perceived difficulty of the experiment in the “sync”,
“d15” and “al5” groups was (mean [95% CI]) 130.6 [100.1;
161.1], 152.8 [124.3; 181.2] and 137.3 [104.2; 170.4],
respectively. On the other hand, as expected, those who
reported having problems with maps evaluated the task as
somewhat harder (F(1,55)=3.43, p=.07).

As for the three questions that asked participants to
evaluate their instructor (clarity, self-assuredness and
professionalism), all three demonstrated a tendency to give
lower scores in “d15” compared to the other two groups.
Again, the scores on these three questions were added up and
analyzed using linear regression. The effect of condition in
this case was present but not very strong (F(2,56) = 3.53,p =
.04), and the most marked difference was the lower rating
that the instructor received in the “d15” group (Fig. 7). The
instructor’s overall rating was (mean [95% CI]) 215.5 [181.8;
249.1] in the “sync” group, 155.5 [123.4; 187.6] in the “d15”
group, and 197.5 [161.0; 234.0] in the “al5” group. The
ability to read maps had no influence on how the instructor
was evaluated.

Qualitative data: interviews, comments, observations

After each explicit comprehension evaluation the participants
were given an option to comment on the tasks and latter the
instructor through two separate free-text boxes. One test
person can choose to comment in either one or both text
boxes, hence, one comment or comment space is counted as
a single entity. The comments were then compared to each
participant’s condition, self-evaluation, pre-test, and final
score to observe potential correlations. The comments were
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Fig. 6 The difficulty of experiment, as evaluated by subjects in
three groups: the sum of four related ratings (each 0 to 100) with
95% Cls. The ability to read maps is assumed to be average (grand
mean for 60 subjects).

organized into subgroups of tone nuance differences and
comment direction (towards the self, the instructor, or the
task) for pattern investigation. A single comment can include
several references to both direction and keywords.

Condition Comments No comment
sync 7 31
dis 26 18
al5 16 20

Full synchronization (sync): 7 out of 38 comment
possibilities were used in this particular condition. The
existing comments show tendencies of self-criticism or the
instructor’s usage of different terminology for the same
object. Clear references are made to the own memory as a
potential causality factor in 4 comments though no direct
comments of frustration or criticism were directed towards
the instructor.

Audio delay 1.5 sec (d15): in this particular condition
comments tend to explicitly pronounce difficulties regarding
the given tasks and the unclarity and insecurity in what the
instructor conveys. 26 out of 44 comment possibilities were
used to explicitly express opinions about the test. Tendencies
of experiencing difficulties, thus directing comments towards
the instructor are very dominating.

Audio advance 1.5 sec (al5): 16 out of 36 comment
possibilities were used in audio advance condition. The
participants explicitly express insecurity regarding the tasks

Evaluation of the instructor
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Fig. 7 An evaluation of the instructor by subjects in three groups:
the sum of three related ratings (each 0 to 100) with 95% CIs. The
ability to read maps is not a significant predictor and so is absent
from the model.

and instructor and had difficulties in deciding whether the
criticism should be directed toward themselves and their
comprehension of the task and instructor, or towards the task
and instructor itself, displayed but rather even results in
direction, keeping a mild or moderate tone in all except for in
2 cases. Furthermore, tendencies of experiencing effort in
completing the tasks are noticeable in the verbal comments.
Generally, no clear correlations to final score can be
made in any condition though significant effort tendencies
were explicitly most obvious in condition d15, as table 3
states. A15 was given a noticeable effort creating an
experienced sense of insecurity regarding difficulty causality
while the participants in synchronized condition did not tend
to experience a need to explicitly expressing any opinion.
Conclusion
*  Further evidence of d15 being “harder” effortwise from
an explicit point of view
* No direct explicit references found to spatial abilities
more than already proven through test results.

4 Discussion

Previous studies of speech-gesture synchronization suggest
that their automatic integration is only possible within a
narrow time window of no more than a few hundred
milliseconds, but also that larger delays are relatively
common in human conversation. Does this mean that it is

Table 1. Comment nuances

Table 2. Comment direction
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subjectively more difficult to attend to gestures that are out
of sync with the corresponding speech? Does comprehension
suffer as a result? To address these questions, we performed
an experiment, in which 60 participants performed 6
practical tasks after watching instructional videos either fully
in sync or with sound coming 1.5 seconds before (“al5”) or
after (“d15”) the video.

Since it is well established that gestures tend to slightly
precede their verbal referents, we expected that the “al5”
condition would prove more challenging for the subjects.
However, we did not necessarily expect to see a strong effect
of a lag in either direction on overall comprehension,
believing that compensatory mechanisms might enable the
subjects to overcome the problem. On the other hand, if extra
conscious effort was required to integrate gestural and verbal
information in case of a large delay, it appears plausible that
participants in “al5” and “d15” conditions would rank the
task as harder and the instructor as less competent.

To begin with subjective measures, no differences were
discovered between experimental groups, except for a small
but consistent tendency for more negative assessments in the
“d15” group (Figures 6 and 7). On the contrary, an objective
measure of implicit comprehension - the total score on all 6
main tasks - showed a clear effect of condition in the
predicted direction: participants in group “al5” scored lower,
but there was no difference in the overall score between
“d15” and “sync” groups.

Clearly, individual variation in spatial abilities may
strongly influence the results. Indeed, we discovered highly
significant interaction between both measures of spatial skills
(self-evaluated ability to read maps and performance in the
“furniture” pre-task) and the effect of experimental
condition. Participants with good spatial skills in “d15”
group, it appears, were able to fully compensate for the
temporal mismatch when gestures came before speech (just
as so often happens in real-life conversations), while those
with poor spatial skills were unable to compensate and
performed worse compared to participants in the “sync”
group. It is a tantalizing possibility (although the evidence is
inconclusive) that participants in the “d15” group evaluated
the task as harder and the instructor as less competent
because they had to make a conscious effort to overcome the
delay and to be able to use gestural information. On the
contrary, the situation when speech comes before gestures
(group “al5”) appears to be equally disruptive for all
subjects, whatever their spatial abilities. In this group
participants reported that the task was approximately as hard
and the instructor as competent as did subjects in the “sync”
group, possibly because participants in the “al5” group could
make no sense of the instructor’s gestures, “gave up” and
simply stopped trying to attend to the video, relying purely
on the verbal part of instructions.

In this respect, it would be very interesting to see whether
the performance of participants in the “al5” condition is still
better than what would be expected without any gestures at
all. It seems likely that the verbal part of instructions
becomes the only source of information in this condition, in
which case subjects presented with the same instructions
without any accompanying video would perform at the same
level. An extension study is currently under way to explore
this issue, and we expect the results to become available
early in 2015. Another interesting consideration is the nature
of the tasks and the gestures used by the instructor. Since

there was such a clear difference between conditions for
some of the six tasks, but not for others, it appears fruitful to
investigate the instructional videos more closely and look for
systematic differences between the tasks, e.g. the nature of
gestures used by the instructor. Furthermore, given the high
natural variability in gesture-speech temporal coordination, it
is highly probable that the instructor’s gestures were not
perfectly synchronized with their lexical referents in the
original unmanipulated videos. This means that even in
“sync” condition some gesture-speech pairs may have been
less than perfectly synchronized, possibly further
contributing to the differences between the six experimental
tasks. These issues are also going to be explored fully as the
study is being prepared for publication.

A possible limitation of the tasks used in this study is that
performance is fairly high, making it harder to notice
differences between conditions. Statistically speaking, it
would be desirable to make the tasks harder and thus to
lower the average performance, although it might have a
devastating effect on the motivation of participants (who
already complained that the instructions were hard to
memorize and to follow). One final consideration: the tasks
were constructed so as to invite short, precisely timed
gestures, such as showing on which side of the box a stick
should be placed. On the one hand, this is an advantage
insofar as a lack of temporal synchronization in such
contexts is likely to have measurable effects on performance.
But on the other hand, this may limit the extent to which we
can observe the full human power for integrating gestural
and verbal channels: such gestural information simply
becomes irrelevant after a delay of 1.5 seconds. With richer,
more realistic and less structured tasks, such as
demonstrating complex bodily movements involved in
performing magic tricks or assembling pieces of furniture, it
is possible that observers may still utilize gestural
information even after extremely long delays, treating the
two channels as relatively independent. The data from our
pilot studies of magic tricks indicates that this may indeed be
the case, since even very large delays (up to 4 seconds) did
not prevent participants from attending to gestures.

The precise mechanisms of gesture-speech integration
may thus vary depending on the informational requirements
and the nature of activity being demonstrated. In the current
study we report tolerance for a lag of 1.5 seconds in the
audio channel, but not in the video channel, moderated by
individual spatial abilities. It remains to be determined how
far these results hold for other contexts and what the precise
threshold values for a lag in either direction might be.

Conclusions:

1. Explicit measures assessed with a questionnaire were
not significantly affected by delaying or advancing the
soundtrack by 1.5 seconds. There are some indications
that subjects found the tasks harder and the instructor
less clear when the soundtrack was delayed, although
the evidence for this is inconclusive.

2. Performance was worse when the audio came first and
the gestures 1.5 seconds later.

3. When gestures came first and the audio 1.5 seconds
later, performance dropped for those with poor self-
reported spatial abilities, but those with good spatial
abilities were able to compensate for this delay, perhaps
with some conscious effort.
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Appendix 1: coding algorithm

For each of 5 objects, answer 4 questions:

1. Is the object part of the original array*? Max 1 point. (Exception: if 2 sticks are used instead of one, it’s worth only 1
point.)

2. Isit correctly placed in 2D, i.e. more or less on the right spot on the desk (as if the desk was a coordinate space seen
from above)? Max 1 point.

3. Is it correctly placed in relation to the surface of the desk, i.e. in 3D? For instance, is it standing vertically on its
long/short side, lying, leaning / lying on another object, etc. Max 1 point.

4. [Except for the first object in each task] Is it correctly placed in relation to the reference object mentioned in the
instruction (column E)?The exact nature of this relation is specified in column E based on the instruction. Max 1
point.

* If a wrong object is chosen, points can still be given for correct placement in relation to other objects, in 2D / 3D, etc. Ex:
taking the rectangular instead of flat box does not lead to all zeros for this object.

Comments on tricky coding decisions
Task 1:
* the can should be noticeably lower than the box. Otherwise take off 1 point: 2D
Task 2:
* if the box touches the end of the stick with its flat end (rather than the sharp side), take off 1 point for that (relational)
* the can should touch the end of the stick. Otherwise take off a point for relational (if very far, also a point for 2D)
Task 3:
» the opening of the tube should face the observer. If not, take off 1 point (3D)
» the orientation of the box (long side left-to-right) is shown ambiguously through gestures and not mentioned orally.
Don't take off points if it's rotated by 90°
* if the box is on the wrong side of the ball, take off 1 point (2D)

Task 4:
» stick vertical may lie towards the right end of the box, don't take off points for that (not mentioned in the
instructions)
Task 6:

» the orientation of the box is shown clearly (unlike in task 3). If it's rotated by 90°, take off 1 point (3D)
» if'the tube is on the wrong side of the box, take off 1 point for 2D (but not for 3D or relational)

a b

The original picture for task 4 (a) and a reconstruction by a participant in group “al5” (b). This reconstruction was given 10
out of 19 points.
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I denna rapport presenterar vi vdrt arbete med att utveckla
en plattform for att gora digitala test. Plattformen dr till for
ldrare i grundskolan, som vill genomféra kortare lixforhor
pd individniva eller ge en test som underlag for klassdiskus-
sioner. Mdlet med sddana test dr att vara tidsbesparande for
ldrare, kunna anvindas i flera dmnen och innehdlla mdj-
lighet till formativ bedémning. Vi har genomfort intervjuer
med bdde gymnasieldrare och hogstadieldrare for att ringa
in synpunkter kring sddana digitala test. Vi har vid tva
tillfillen testat vdara LoFi-prototyper pd ett flertal ldrare pd
en hégstadieskola samt utarbetat en HiFi-prototyp som vi
ocksa har testat under tvda dagar pd lirare och elever. Den
forsta dagen skapade fem lirare i olika dmnen var sitt test
med tillhérande feedback. Tvd av dessa ldrare genomforde
samma test dven i pappersformat. Foljande dag kunde tvd
elever fran respektive klass genomfora dessa tester. Vira
deltagare uttryckte tillfredstdillelse med flera funktioner i vdrt
digitala test samt med mdjlighet till dterkoppling och, foljak-
tligen, formativ bedémning.

1 Introduktion

Bakgrund

Utvecklingen av informationsteknologi och forbéttrad digital
infrastruktur har de senaste decennierna lett till att antalet
datorer per elev i skolan dkat och att fler skolor far méjlighet
att anvénda sig av digitala verktyg for bedomning (Skolver-
ket, 2013). Utveckling och implementering av digitala ar-
betssétt pagar i manga lédnder. Skolverket (2010) konstaterar
att i Norge och Danmark har utvecklingen lett till nationella
datorbaserade beddmningssystem. Parallellt med storre
bedomningsverktyg riktade pd summativ beddmning utveck-
las dven mindre och mer ldtthanterliga tester for formativ
utvérdering. Diverse laroplattformar som anvénds av skolor,
sdsom Fronter, Moodle och It’s learning inkluderar verktyg
for att gora test. Dessa tenderar att ha mycket omfattande
funktionalitet, men anvéindare forutsitts genomfora ndgon
utbildning i dem for att kunna anvdnda dem.

Som kontrast finns det dven enkla tester pA marknaden
(Kahoot, Mentimeter m.fl.) som dock saknar mdjligheter till
individuell bedomning. Dessa ger endast statistik pa grupp-
niva, ger enbart mojlighet till att stélla en fraga och &r tinkta
for klassrumsdiskussioner.

Anledningen till att ldrare inte anvénder digitala test i
sérskilt hog utstrackning anges bland annat vara lararnas laga
digitala kunskapsniva samt att det &r tidskrdvande att skapa
ett test (Gulz, 2014). En annan forklaring som McLaren

123

(2012) foreslar &r att ldrare ar skeptiska till digitala
utvirderingar som sddana for att de anser att den digitala
aterkopplingen inte kan ersitta den personliga dialogen. Det-
ta dr dock inte syftet med ett digitalt testverktyg, som inte ska
vara en erséttning utan snarare som ett komplement och stod
till den personliga dialogen.

Enligt Jenkins (2010) maste ocksa digitala bedomn-
ingssystem vara sa létthanterliga och effektiva att varken
larare eller elever upplever dem som en borda. Hér finns allt-
sé en lucka i marknaden och det dr ddr vart projekt kommer
in.

Syftet med projektet

Vart uppdrag var att skapa en latthanterlig plattform som kan
anviandas av ldrare pa hogstadium for 1dxforhor och andra
liknande utvirderingsaktiviteter i klassrummet pé regelbun-
den basis. Ett antal omedelbara fordelar kan ses med att byta
format fran analogt till digitalt. Den normala arbetsgangen nu
ar att skriva ett test, skriva ut det, dela ut det och sedan rétta
for hand. For det forsta ger ett digitalt test tidsbesparingar for
lararna vid producerandet av test. Om grénssnittet &r lattfat-
tligt borde det ga snabbare att skapa test dd man inte behover
tanka pa layout med mera. Vidare, och framfor allt till nytta
for lararna, kan rittning ske automatiskt. Har finns enorma
tidsbesparingar att gora samtidigt som réttning &r en monoton
syssla manga ldrare skulle slippa. Automatisk réttning ger
ocksa elever mojlighet att se de rétta svaren precis efter att de
gjort testet och de behover siledes inte vénta pa svar. Som
det fungerar nu kan det vara fallet att elever far tillbaka sina
test s& sent att de glomt bort dem. Dessutom kan statistik
genereras snabbt och ocksé automatiskt.

Vidare sdg vi mojligheter att inkorporera formativ bedomn-
ing, bedéomning av ldrande, i vért verktyg. Detta skulle
generera ytterligare merviarde i1 var produkt och dessutom
vara en unique selling point mot &vriga verktyg pa mark-
naden.

Utifran uppdragsformuleringen ringade vi alltsa in syftet
med det hér projektet: att skapa ett digitalt testverktyg som &r
dels enkelt (tidsbesparingsaspekt) dels innehéller mojlighet
till méngsidig och flexibel aterkoppling (formativ bedomn-
ingsaspekt).

Terminologi

Véar marknadsundersokning tillsammans med forskn-
ingsgenomgang visade att det finns ett stort antal termer som
anvénds for att bendmna digitala tester. Har dr ndgra exempel
pa svenska och engelska: digitala tester, quizzes, digitala
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forhor, datorbaserade prov, formativ utvardering. En av fork-
laringar kan vara att olika tester har olika syften, ddrmed
olika namn. Ord som prov, forhor och quiz bar med sig forut-
fattade meningar om vilken typ av omfattning och
svarighetsgrad det ror sig om. Vi vill, i kontrast till detta,
podngtera mangsidigheten i vért verktyg samt inte styra in
anvindarna pa nagon typ av anviandning. Dérfor har vi valt
att anvénda ordet test, vilket vi uppfattar som mest neutralt.

2 Forstudie

Varje programvara méste vara anpassad till sin anvindarmal-
grupp for att vara framgangsrik. Infor skapandet av vart test
intervjuades saledes atta ldrare for att skapa en bild av vad
som konstituerar en bra plattform for digitala test. Syftet var
ocksa att finna hur nuvarande plattformar anvénds samt vilka
funk-tioner som ar 6nskvérda och vilka hinder som &r frus-
trerande.

Sex av ldrarna undervisade pd hogstadiet och tvd var
gymnasieldrare. De undervisade i &mnen som ticker storre
delen av ldroplanen, bland annat matematik, samhéllskun-
skap, biologi, naturkunskap, historia, spanska, filosofi m.fl.
Tre av dem var vana anvédndare av nagon befintlig plattform
for digitala test och anvénde dessa regelbundet i undervis-
ningen. Tva av dessa var de bada gymnasieldrarna. De inter-
vjuade refererade dven till hur kollegor anvéinde digitala test.

Vad ldrarna anvénde eller ville anvénda testen till varier-
ade mycket. Somliga anvinde det for att examinera laxor
eller for inldmning av prov med essédfrdgor, medan andra
anviande det i instuderingssyfte och lit eleverna gora om
testen flera génger. For distansundervisning pa Komvux an-
vindes det som nérvarokontroll. Ytterligare ett anvandning-
somrade var att anvinda det som mentometrar i klassrummet
for att skapa underlag for klassrumsdiskussion eller undersd-
ka hur manga som forstatt nagot. Slutligen anvéndes de ock-
s& som forkunskapstest innan en kurs borjade.

Typen av fragor som stélldes var oftast pa basal niva.
Aven om en del stillde avancerade fragor, sa papekades att
mer komplex typ av forstaelse dr svar att visa i ett kort test.
Ett exempel pa en avancerad frdga var en omvardnadslarare
pa gymnasiet som lét eleverna se en film om ca 10-20 mi-
nuter med en patientinteraktion déir elever fick ge ldngre svar
pé fragor om vad som gjordes rétt och vilka misstag som
skedde.

Nagot som ofta nimndes som en av de digitala testens
storsta fordel var den tidsbesparande funktionen att testet
rittade sig sjdlv. Det var ovanligt att ldraren gav feedback
muntligt eller skriftligt utdéver det som de skrivit in i testet.
Funktionen att ge det rétta svaret anvindes bade av de som
gav essifragor och de som gav flervalsfridgor eller liknande.
Den automatiska rittningen av fritext litades inte pa, utan
rittning skedde manuellt av fritext. Dock gav ldraren da bara
poéng, eleven hade ju redan fatt det ritta svaret i samband
med inldmning. Lérarna tyckte att mdgjligheten till individu-
aliserad feedback var viktigt. De ville kunna skriva fardiga
kommentarer som var olika beroende pd om man svarade ritt
eller fel.

Den feedback som ldrarna fick av testet anvéndes pa skif-
tande sitt. I de fallen som testen var att betrakta som 6vning
tittade ldrarna endast pa huruvida elever gjort testen eller
inte. I fallen da det anvdndes som undersokning av den
allménna nivédn var naturligtvis statistik pd gruppniva det
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mest intressanta. Nagot som en ldrare gjorde var att koppla
fragorna till aktuella betygsmatriser och automatiskt lata den
pedagogiska plattformen bocka i om nagon forméga upp-
fyllts. Detta anvindes huvudsakligen for att se om eleven
uppnatt E, det ldgsta godkidnda betyget i nuvarande system.
Data fran testen anvdndes dessutom for att individualisera
prov, da endast féormagor som inte visats d&nnu behovde tes-
tas. Av de som inte anvénde test &nnu 6nskades ocksd denna
typ av longitudinell funktionalitet.

Av dem som anvénde digitala test hade endast en latit
eleverna gora det i klassrummet. Ovriga sig det som en
fordel att det inte behdvde anvindas pa lektionstid. Ett hinder
for flera av hogstadieldrarna var att skolorna de arbetade pa
saknade 1:1-policy (en-till-en), det vill séga att varje elev
fick en egen dator av skolan. De papekade dock att skolan
tillater lararna att forvinta sig att alla elever har tillgang till
en dator utanfor skolan pé négot sitt. Flera av dem skulle
dock fa iPads inom kort och hoppades dé att vart verktyg
skulle vara plattformsoberoende. Detta sd att dven eleverna
skulle kunna gdra det i sina telefoner.

Att elever gor test hemma skulle kunna 6ppna for fusk,
men det fanns vildigt liten erfarenhet av detta. En ldrare
pépekade att denna risk finns med alla hemuppgifter, digitala
eller analoga. Vissa ville hellre gora testen i klassrummet av
denna anledning. Losningar anvénda av en ldrare var att stil-
la fragor som inte var litta att googla upp ett svar pa samt att
ge begrinsad tid fran det att testet startade. Den senare 16s-
ningen i kombination med komplexa fragor borgade for be-
gransat fusk, hoppades han. Nagot som ingen diskuterade,
men som kanske vore en mdjlighet 4r att validera lédngre es-
sdsvar genom en plagiatidentifiereringstjanst sasom Urkund.

Flera av ldrarna visade intresse for en bank med fragor
som man kunde importera in i test. Flera larare pépekade att
de hellre ville spara test dn fragor. De ateranvinde gamla test,
men bytte ofta ut eller &ndrade enskilda fragor da. Samtliga
tyckte att det var viktigt att enkelt kunna organisera sina test.
De ville dven kunna dela med sig av test till sina kollegor. De
ville ockséd kunna importera test via hemsidor som
kursnavet.se eller CFL (Centrum for Flexibelt Larande). Att
ocksé kunna dela material via omodererade sajter som lek-
tion.se ndmndes ocksa.

Nastan samtliga ldrare visade intresse for att anvdnda
media sadsom filmer, bilder och ljud i test. Matematiklararen
ville gérna ha en Kikora-liknande funktionalitet eller i alla
fall att kunna skriva in formler, snarare &n att rita dem och
bifoga som bilder. Néagra av lararna dnskade ocksa att man
skulle kunna svara med en bild, som man ritade direkt i
iPaden. En sprakldrare ville kunna ldgga en ljudfil for hor-
forstaelsedvningar.

Samtliga ldrare var intresserade av att kunna stilla ménga
olika typer av fragor. De ville ha fritextsvar, flervalsfragor
samt matchningsuppgifter. De vill dven att dessa skall vara
flexibla sé att man kan stélla in att det kan vara mer &n ett rétt
i flervalsuppgifter eller att ett svar kan kopplas till flera alter-
nativ i en matchningsuppgift.

Kritik som framfoérdes mot nuvarande system var att bild-
overforing fungerade daligt och att bilder inte f6ljde med om
testen exporterades. Sorteringen av test var konstig och flera
irriterade sig pé att rubrikerna i testverktygen var ologiska
och svara att gissa var de ledde. For fritextsvar fanns begrin-
sningar i antal tecken, vilket kunde stilla till problem i de fall
test anvindes for att ldmna in kortare uppsatser.



3 Teoretiskt underlag
Enkelhet

Fokus i projektet har stdndigt varit pa enkelhet. Det ar till att
borja med inte latt att definiera enkelhet. Det som anses
enkelt for vissa dr inte enkelt for andra. Intervjuerna med
larare ledde oss till flera parametrar for enkelheten: test ska
vara létta att ta fram, de skall ha tydlig layout och ha tydliga
knappdefinitioner. Eleven ska ocksa forsta vad, var och hur.
Med andra ord, designen ska vara anpassad till verktygets
syfte.

Av allt som tas upp i ldrarintervjuerna (Forstudie) ar det
mycket fa funktioner som vi har for avsikt att implementera.
Vi insdg att avancerade och kraftfulla funktioner i huvudsak
efterfrdgades av de tvd gymnasieldrarna. Dessa var erfarna
och ville ha ett dynamiskt system och var inte ridda for den
komplexitet som oundvikligen skulle bli foljden av detta. Att
nd fram till grundskoleldrarna handlade snarare om att gora
ett s& enkelt system att de dverhuvudtaget skulle forstd det
och anvinda det. Inom design séger man, enligt Lidwell,
Holden och Butler (2003), att flexibilitet och anvédndbarhet
stér i en stindig trade-off relation med varandra.

Ett sitt att gora s att lararna kénde att det gick snabbt var
att minska antalet funktioner. Detta da Hicks lag (Lidwell,
Holden & Butler, 2003) postulerar att tiden det tar att fatta ett
beslut 6kar logaritmiskt med antalet val. Med férre val skulle
lararna alltsa snabbare kunna producera ett test.

Lidwell, Holden och Butler (2003) menar att en tumregel
ar att 80 % av anvdndandet av ett system dr med 20 % av
funktionerna, samtidigt som 80 % av felen kommer fradn 20
% av funktionerna. Det kénns rimligt att anta att det man
anvénder séllan &r det som avbuggats minst noggrant, som
man dr minst van vid som anvédndare och som f6ljaktligen
borde std for stor del av felen. Vi ténkte att om vi kompro-
missar bort 80 % av funktionerna kanske vi blir av med nis-
tan alla anvéndarhindren/felen.

En kompromiss vi gjort &r att inte infora nagot inloggn-
ingssystem. Med ett sddant kan man skapa longitudinell
funktiona-litet, fuskkontroll med mera. Anledningen att vi
dnda valt bort det &r att en inloggning 4r en typisk onddig
forsvarare. Det skapar trosklar och kan genast gbra att en
larare avstar, for att man inte orkar skapa en anvéindare eller
ett konto.

Nagot vi ddremot har valt och som vi forsokt inkorporera
i samtliga delar av var design dr Normans (2002) idéer om
affordances, dvs. att en produkts konceptuella design ska
kunna inbjuda till ritt handlingsalternativ och att den an-
vénds for det den ar avsedd for. Vi vill att knappar skall locka
till att tryckas pa och samtidigt utnyttja de normer som finns
bland datoranvindare. Detta &r sddant som att ett kryss bety-
der stinga av, sting ner eller ta bort, medan ett minus betyder
fall ner eller dolj. Forutom denna typ av enkla affordances
ville vi skapa affordances for formativ bedomning.

Ibland kan enkelhet ocksd gd hand i hand med affor-
dances. Nagot som kindes enkelt att inféra var att man kunde
klicka pé rubriken till varje fraga for att &ndra dem fran “fra-
ga 17 till ndgot mer informativt. Vi valde dock bort detta inte
bara for att det minskade antalet mdjliga platser att klicka
(fel) utan ocksé for att siffran pa fragan uppmanar lararna till
en kronologi eller progression i frdgorna, vilket dr bra for
elevers prestation (Wise et al., 1989).
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Ett annat exempel pé enkelhet ar att Kulhavy och Stock
(1989) har visat att elever inte bryr sig om feedback nér de
haft ratt. Vi hade experimenterat med att ldrarna skulle kunna
ge olika typer av feedback om man hade ritt eller fel, men
efter att ha last denna artikel sag vi ingen mening med denna
funktion. Aterigen var det frigan om komplexitet som
verkade nodvéndig, men som kunde skalas bort eller avstas
frén att laggas till.

Aterkoppling

En av ambitionerna for de digitala testen var forekomst av
aterkoppling som skulle baseras pd formativ beddmning.
Formativ beddmning &r ett begrepp som lanserades i slutet av
1960-talet och utvecklades vidare av Black och Wiliam
(Skolverket, 2010) i slutet av 1990-talet. Ett exempel pd en
definition av formativ beddmning ir att géra en bedomning
som identifierar elevers inldrningsbehov och svarar mot
dessa (OECD, 2005).

En annan definition av formativ beddmning ges av Black
och Wiliam (1998b) i form av tre faktorer. For det forsta, att
larare anpassar undervisning och beddémning till vad som
finns evidens for att vara effektivt. For det andra, att elever
far aterkoppling om deras larande och hur de blir béttre. Slut-
ligen, for det tredje, att elever deltar i bedomningsprocessen
genom sjdlvbedomning. Vi viljer hidr en bred tolkning av
begreppet, da vi menar att de flesta definitioner ar relativt
lika.

Det skall dock pépekas att begreppet formativ bedomning
ar omtvistat och manga konkurrerande (om &n liknande) def-
initioner finns (Bennett, 2011). Formativ bedémning fram-
fors badde som motsats och som komplement till s& kallad
summativ bedomning som syftar till att faststidlla elevens
kunskap vid en bestdmd tidpunkt genom att sammanfatta i ett
betyg eller en poangsumma(Grénlund, 2010). Dock menar
Torrance och Pryor (1998) att den pedagogiska debatten allt-
for ofta kommit att handla om distinktionen summativ/for-
mativ, snarare dn hur god formativ bedomning skall se ut for
att vara den bésta.

Trots att begreppet formativ beddmning har funnits ldnge
som utldrningsverktyg visar den internationella forskningen
att larare inte helt har forstatt de formativa aspekterna av
beddmningen (Heritage & Chang, 2012). Heritage och Chang
(2012) presenterar vidare en omfattande lista av forskn-
ingsrapporter som pekar pé att lirarnas forstaelse for forma-
tiv beddmning inte stimmer Gverens med begreppets tinkta
syfte. De kommer i sin studie fram till att de flesta larare ser
formativ bedomning som ett instrument for att lira om fran
borjan (reteaching) istéllet for att bestimma var eleven
befinner sig just nu och hur man kan hjélpa eleven till nésta
niva. En viktig faktor angdende ldrare och feedback é&r att for
att ge god aterkoppling krivs djupa dmneskunskaper, sé att
man forstar de centrala problemtinken i sitt amne (Hattie &
Timperley, 2007).

Antoniou och James (2014) har vidare funnit att ldrarna
antingen ger alltfor allménna kommentarer som inte for elev-
erna framét eller jimfor elevernas senaste resultat med
foregaende och pa sé sitt fokuserar pa produkten och inte pa
processen. Dessa feltink kring formativ bedomning leder till
att mélet missas, menar Waters (2012) och papekar att for att
bedomningen ska anses som formativ krévs specifika strate-
gier for forbattring. Det dr dven sd att den feedback som syf-



tar till larandemalen har storre effektivitet &n den som bara
syftar till att 6ka elevers sjdlvfortroende (Atkins, Black &
Coffey, 2001). Vidare fann Black och William (1998b) att
dven ndr larare séger sig vilja fokusera pa forstaelse, handlar
deras undervisning och test om utantillkunskaper.

Enligt Heritage (2010) kan det vara svart i testsamman-

hang att dra grinsen mellan formativ och summativ bedémn-
ing. Det récker inte med att bara definiera formativ bedémn-
ing som ett instrument som anvénds for formativa processer
genom ett antal mindre tester. Formativ bedomning, enligt
Heritage (2010) ska inkludera &ven forstéelse for Vygotskys
modell om den proximala utvecklingszonen. Dessutom skall
bedomningstillfillen kédnnetecknas av ett aktivt elevdelta-
gande i ldrandeprocessen som Okar formégan till sjdlvstyrn-
ing. Feedback méste vara av deskriptiv karaktir med syfte att
fylla luckor (alter the gaps) och inte i form av poéng bara for
att méta skillnaden mellan elever.
Ett sdtt att komma &t dessa luckor &r enligt Hattie och Tim-
perley (2007) att ldraren i sin planering tar hénsyn till tre
processer: Var dr eleven nu? Vart skall eleven? och Hur
kommer eleven dit? Dessa processer inkluderar eleven och
lararen men dven elevens kamrater. Redan vid planeringen av
ett arbetsomrade bor ldraren tinka pa &terkoppling som
paverkar frdgornas utformning. En typiskt bra fraga é&r till
exempel en som eleverna tror sig ha ritt pa, men i sjilva ver-
ket har fel pa. Anledningen till detta &r att det &r i just detta
fall da effekten av feedback &r som allra storst (Kulhavy &
Stock, 1989). Det &r ocksa vilként att endast information om
att man gjort fel utan att man far reda pa vad som krivs for
att gora ritt nédsta gang hjilper en elev foga i hennes eller
hans larande (Breakwell, 1983).

Fokus hos ldrarens kommentarer bor alltsé vara av sddan
karaktér att de for ldrandet framat (Gronlund, 2010). Hattie
och Timperley (2007) skiljer pa fyra typer av formativ
aterkoppling: uppgiftsrelaterad, processrelaterad, metakogni-
tiv och personlig. De mest verkningsfulla aterkopplingarna
menar de dr de processrelaterade och metakognitiva kom-
mentarerna. De tidigare avser processer som eleven anvénder
for att 16sa uppgifter, till exempel strategier som ar generalis-
erbara. De senare refererar till elevens formaga att styra sin
sjalvdisciplin (bland annat ansvar for inldrning) och
sjdlvvardering (sasom att reflektera dver sitt arbete).

Fisher och Frey (2014) hévdar vidare att for att lyckas
med formativ bedomning som sddan behover ldraren forst
utarbeta ett bedomningssystem déar de uppsatta larandemalen
kopplas till ett lampligt verktyg for bedomning och éterkop-
pling. I annat fall finns det risk att ldraren samlar och analy-
serar meningslds information som inte heller leder elever till
nésta niva i processen. Har kan dock vért verktyg inte hjilpa,
utan vad ldraren gor blir upp till denne.

Vidare fann McLaren och Stables (2007) att betyg och
poédng blev mindre viktiga for eleverna dé formativ bedémn-
ing anvéndes. Istdllet blev deras eget larande i fokus for elev-
erna. Att podng blev mindre viktiga dr ocksd positivt i
allminhet da Black och William (1998a) visat i sin metas-
tudie att kommentarer dr mycket mer effektiva dn podng och
betyg. De menar sig visat att bedomning enbart med poédng
och betyg

“typically encourages superficial and rote learning, con-
centrating on recall of isolated details, usually items of
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knowledge which pupils soon forget.” (Black & Wil-
iam, 1998, s. 14)

Formativ beddmning ar som synes ovan en komplex fraga,
men avslutningsvis maste papekas att Hattie och Timperley
(2007) i sin meta-metastudie funnit att aterkoppling har en
storre effekt pa elevers lirande dn ménga andra saker som
ofta rdknas som viktiga i utbildningssammanhang sésom
socioekonomisk status, tidigare kognitiv forméaga och
klasstorlek. Det ar ocksa sa att formativ bedomning har den
storsta effekten av alla pedagogiska interventioner (Black &
Wiliam, 1998b). Det ar alltsa av stor vikt att ldrares feedback
till elever dr genomtidnkt och av vetenskapligt verifierat ef-
fektivt slag.

Teknologi och pedagogik

Enkelhet och éaterkoppling har varit de tva ledorden for vart
arbete dir enkelheten dr mest kopplad till de tekniska 16s-
ningarna i projektet och aterkoppling till de pedagogiska as-
pekterna. I detta projekt har vi forsokt att integrera teknologi
och pedagogik for beddmning, samtidigt som det var viktigt
for oss att skilja pa verktyg och bedomningsinstrument i digi-
talt arbete (Price, 2011). Gulz och Haake (2014) hivdar att
man ska skilja pa digitalt format och digital funktionalitet.
Den senare innefattar bade ett tidsbesparingsverktyg (au-
tomatiserad rdttning) och ett pedagogiskt verktyg for
bedomning. Det pedagogiska dr sddant som vilka fragetyper
som finns samt implementeringen av formativ feedback.
Dock ér det pedagogiken som styr anvindningen och ut-
formningen av digitala verktyg. Price (2011) papekar att sjél-
va klassrummet och de normer som finns i det paverkar hur
dessa verktyg anvinds. Dessutom menar Pellegrino och
Quellmalz (2010) att integrering av teknologi och beddmning
stodjer elevernas inldrning genom feedback och ger 6kad
interaktion bade mellan ldrare-elev och elev-elev. Larare kan
med detta samla information mer effektivt om inlérningspro-
cessen, som kan leda ldrandet framat.

Men det finns flera andra pedagogiska fordelar med digi-
tal bedomning. Cassady och Gridley (2005) hiavdar att forma-
tiva digitala test minskar studenternas ridsla infor test. Tack
vare testernas enkelhet kan man genomféra dem regelbundet
och ofta vilket blir en utmérkt férberedelse infor summativa
stora prov. Detta minskar studenternas oro. Aven feedback
som man far direkt efter testet bidrar till minskad oro. Enligt
Stull et al. (2011) har digitala bedémningsverktyg fordelar
for elever med lindriga till mattliga koncentra-
tionssvarigheter. Oro bland ldrare for att elever som har 14g
datorvana skall prestera sdmre dr dock obefogad, d& Bocij
och Greasley (1999) visat att de presterar lika bra pa digitala
test som datorvana elever.

Det dr dven vért att notera att effekten av att f& feedback
frén en dator dr jaimforbar med att f4 feedback av en mén-
niska (Hattie & Timperley, 2007).

4 Arbetsging

Instruktionen vi fick var att gora “ett sorts Google” for digi-
tala test. Huvudfokus var pa enkelhet och anvéndbarhet for
mycket oerfarna anvindare. Tanken var att ndrma sig en
startskdrm med endast en ruta och en knapp. Nér det bara



finns en plats att skriva och en plats att trycka finns inga moj-
ligheter att gora fel.

Med en ruta och en knapp, finns dnda tva sitt att ge input.
Ett sdtt att ytterligare eliminera forvirring ar att reducera ner
till endast en ruta. Utgangspunkten for detta var att nér
lararen/anviandaren kommer in p&d hemsidan har man endast
en tanke, man vill skapa ett digitalt test. Ett test bestar av
fragor och inleds med den forsta fragan. Séledes &r det enda
man kan gdra pa startsidan att skriva den forsta fragan.

Nér man borjat skriva fragan tonar nya mgjligheter in.
Har inspirerades vi av den inldrning som finns i datorspel.
Dir kan det vara sé att du bdrjar med att kunna g& omkring
och hoppa. Efter ett tag hittar du en klubba som du kan sla pa
fiender med. Senare kan du hitta ett mer komplext och kraft-
fullare vapen som en pistol. Denna maste du hitta ammuni-
tion till och ladda om. I det sista steget har du mycket kraft-
fullare mgjligheter att manipulera din vérld, men pa bekost-
nad av fler knapptryck. P4 samma sétt som i en sadan filosofi
ville vi att anvindare mottes av ett vildigt enkelt grénssnitt
med f& mojligheter att gora fel. I takt med att de skapade sitt
test kommer nya alternativ och redigeringsmdjligheter upp.
Anvindaren lér sig alltsa att anvdnda verktyget medan denne
anvinder det och komplexa funktioner &r inte tillgéngliga
forrdn enklare anvénts. I allmadnhet, menar Lidwell, Holden
och Butler (2003) att méngden kontroll en anviandare skall ha
Over ett system bor vara proportionell till hur mycket kun-
skap denne har.

Vi valde tidigt att ha mycket luft i designen. Inom kon-
sten anviander man begreppet Horror Vacui (rddslan for
tomhet) nédr nagon design eller nagot verk &r helt tickt med
detaljer. Ju mindre Horror Vacui nagot uppvisar, desto storre
upplevt véirde har nagot (Lidwell, Holden & Butler, 2003). Vi
upplevde ocksa att hemsidan blev snyggare av detta. Det kan
tyckas som ett trivialt faktum, med det ar faktiskt sa att vack-
ra produkter upplevs som léttare att anvdnda (Kurosu &
Kashimura, 1995). Dessutom har anvindare en mer forla-
tande attityd mot estetiskt tilltalande foremal/produkter
(Asch, 1946).

I led med att skapa enkelhet har vi valt de tvéa fragetyper
vi identifierat som de vanligaste typerna, flervalsfrdgor och
matchningsfragor. Flervalsfragor ger mdjlighet for eleven att
trdna pa formagan att gora val genom bade en mojlighet att
vilja mellan ritt och fel och genom kunna vélja flera
svarsalternativ som kan vara ritt eller fel. Matchningsfragor
g0r det ocksa mojligt att gora val men dven att utveckla for-
mégan att kategorisera och sortera.

Flervalsfragor dr vidare ett beprovat sitt att testa elever-
nas kunskaper och utveckling som baseras pa ett samhélleligt
behov av att kunna gora bra val (Chi et al., 2014). Chi et al.
(2014) papekar dock att digitala tester oftast erbjuder valet
mellan ritt och fel utan mgjlighet att resonera kring varfor
det ena valet &r battre eller sdmre dn det andra. Sadana ratt-
och felsvar testar endast faktakunskap, men utvecklar inte
formégan att gora val.

Formativ bedomning 4r, som papekats i teoridelen, en
missforstddd och illa anvdnd metod. Hur skapar man da af-
fordances for ndgot sddant? Vi tinkte att i en ruta for feed-
back skulle det cirkulera olika texter med inspiration. Vi har,
i enlighet med teorin, forsokt ge forslag pa mdjliga kom-
mentarer som &r antingen processrelaterade och/eller
metakognitiva. Tanken ar att lararen kommer péd rétt spar
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genom ett tips och utformar sina kommentarer darefter. Fol-
jande formativa aterkoppling har vi foreslagit:

Processinriktade (strategier)

- Las om fragan for att forsta den ordentligt.

- Lds om kapitlet/stycke for att forstd sammanhanget.

- Sétt alltid in nya ord i en mening eller ett sammanhang.

- Dela upp uppgiften i steg: forst gor jag det, sedan gor jag
det...

Metakognitiva (sjélvstyrning)

- Nér du ldser en text, anpassa ldstempot efter uppgiften.

- Repetera alltid det vi gor pa lektionen hemma.

- Innan du viljer ett alternativ, tink pé& vad som ar rimligt.

- Lagg girna mer tid pa att 16sa uppgiften. Forsok att inte ge
inte upp direkt.

Dessutom har vi tdnkt ha med texter av typen: “Ténk pé att
inte bara skriva ‘bra gjort’ utan att hjilpa eleven vidare i sitt
larande”. Eventuellt skall ocksd den typen av texter varnas
for med en pratbubbla om man bara skriver “fel!” som kom-
mentar.

Slutligen har vi arbetat med defaults (standardinstall-
ningar). Vi vill att ldrarna sillan eller aldrig skall vilja &ndra
standardinstéllningar och da maste de vara pa ett sddant sétt
att lararen fir det den vill. Med andra defaults har vi valt en
mer proaktiv position for att vi vill att ldraren skall agera pa
ett sarskilt sétt. Ett exempel pa detta dr att man far sina svar
rattade efter att man fyllt i hela testet, da detta &r béttre an att
ge det efter varje friga (Wise et al., 1986).

Prototyp 1

Var forsta LoFi-prototyp (Figur 1) bestod av diverse pap-
persbitar, vilka vi tog till en grundskola for ett test. Till denna
hade vi ocksé ett scenario som 16d:

Du kommer in pé& en hemsida och skall p& den gora ett test
for dina elever. Testet skall innehélla tvé fragor: en flervals-
fraga och en matchningsfraga. Pa flervalsfragan skall det
finnas fyra alternativ varav tva av svaren skall vara ritt.

Till prototypen horde ocksé en “skdrm” vilken vi holl fram
framfor var prototyp for att ge emfas pa kénslan att detta
hinde pa en dator. Denna tog vi dock bort nér testpersonerna
borjade manipulera prototypen, da vi mérkte att den var i
vagen.



Figur 1. LoFi-prototyp som anvéndes vid forsta testet

Forsta testet

I forsta testet deltog tre larare, tva yngre och en lite &dldre. Till
att borja med fanns en skillnad i tillvigagéngssdtt mellan
dessa, den &dldre hade mycket fragor och inte ville klicka pé
nagot hon inte visste vad det gjorde, medan de yngre provade
sig fram. De kunde séga “undrar vad den hér gér” och sedan
klicka. De tre ldrarna undervisade alla i olika &mnen.

En sak som noterades var att inte alla forstod hur man &n-
drade ett alternativ fran rétt till fel och vice versa. Detta kan
ha berott pa prototypens raa, ofdrdiga utseende som dérmed
gav viss tvetydighet. Vidare uttryckte samtliga att de var in-
tresserade av nagon typ av forhandsgranskning. De var os-
dkra pa hur det skulle se ut for eleverna och i, med deras ut-
tryck, ”vad som var facit”. Dessutom fanns en osédkerhet i
vad som var sparat och inte.

En effekt av intresset for forhandsgranskning var att det
forsta de gjorde ndr de moétte skdrmen med de tvéa linkarna
(en till eleverna och en till ldraren) var att klicka pa
elevlidnken. Detta fick effekten att de lamnade testet och kom
in pa elevtestet utan mojlighet att se ldnkarna igen. En poten-
tiell kélla till oerhord frustration.

Slutligen framkom diverse smasaker, dir det mest rele-
vanta var att vi méarkte att det fanns en dissonans mellan vad
som innebar en radering och vad som uppfattades som en
dolja-funktion.

Andringar till prototyp 2

Den andra prototypen vi tillverkade (Figur 2) paminde
valdigt mycket om den forra. For att undvika att misstag up-
pstod till f6ljd av ett alltfor ratt och kladdigt utseende valde
vi att gora den med stérre omsorg om detaljer och lade till
farger pa knappar med mera. Den kan saledes betraktas som
ndgonting mellan en LoFi- och MidFi-prototyp. Vidare lade
vi till en “sidebar” ddr man kunde se en miniatyr av testet,
vilket vi hoppades skulle tillfredsstdlla anvéndarnas
onskemal pa forhandsgranskning. Dessutom lade vi till ett
obligatorium om att man skulle fylla i sin e-post innan man
tryckte pa knappen som indikerade att testet var klart.

Vidare &ndrade vi symbol pé feedback si att man inte
skulle tro att man féllde ner nir man tog bort. Dessutom &n-
drade vi sé att plustecknet vid feedback dndrades till ett mi-
nus ndr man 6ppnade det, s& att man &ndé kunde félla ner det.
Slutligen lade vi till m&jligheten att ldgga till olika feedback
vid rétt svar, fel svar och delvis rétt svar genom en drop-
down-meny.
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Figur 2. LoFi-prototyp som anvéndes vid andra testet

Andra testet

Vid nista tillfille pa testskolan deltog fyra ldrare varav en
hade varit med vid det tidigare tillfillet. En av dem var
véldigt nervos och forstod inte alls uppgiften. Flera forsok
gjordes att lugna personen och forklara att det som testades
var prototypens funktionalitet och design, inte forsdksperso-
nen pa nagot vis. Detta misslyckades dock och vi 1t person-
en genomfora testet och tackade sedan personen for input,
trots att det snabbt blev uppenbart att personen inte hade
forstatt vad denne skulle gora.

En allmén reaktion fran samtliga anvindare vid det hér
tillfallet var att endast en person ens Oppnade feedback-
fliken. Den personen stéingde den dessutom snabbt. Hér finns
utrymme for forbéttringar som antingen lockar ldrarna att
klicka pé den eller en forklaring som gor att de forstar dess
vikt. En forklaring kan dock vara att det bara var ett forsok
pa papper. I en skarp situation hade de féormodligen varit mer
motiverade att skriva feedback till sina elever. Den ldrare
som dnda gick in pa feedback papekade att hon ville skriva
specifik feedback beroende pa vilket fel man gor. Detta fanns
mdjlighet att dndra i prototypen, men hon hann nog inte se
detta eftersom det stingdes sa snabbt.

Ytterligare tva saker som var gemensamt for samtliga
larare var att de missade matchningsfunktionen och hade
fragor kring forhandsgranskning. Att de missade mojligheten
att skapa en matchningsfraga kan berott pa att scenariot var
otydligt, d&ven om det sades explicit dir att de skulle skapa en
matchningsfrdga. Vi spekulerade i om namnet ir illa valt och
att det kanske istéllet skulle heta ’para ihop” eller nagot dy-
likt.

Niér det giller forhandsgranskning hade vi uppenbarligen
inte forstatt den kritik vi hade fatt pa det forsta testet. Det
lararna ville se var allt fran hur en specifik frdga ség ut for
eleverna till hur testet i helhet skulle se ut. De ville dessutom
se hur det sdg ut niar man svarade, hur facit/rittning sag ut for
eleverna samt hur feedback presenterades. Denna typ av
komplexa och dynamiska feedback kan vara svar att imple-
mentera och kanske dr det rimligare att lararna efter att de &r
fardiga med testet sjdlva kan ga in pé elevldnken. Om de &r
missndjda kan redigering ske genom lararldnken.

For Ovrigt noterades att de nya ritt/fel-knapparna inte
orsakade samma huvudbry, utan direkt forstods. Detta kan
dock vara en f6ljd av att de var tydligare ritade och att de var
fargkodade. Slutligen kan ndmnas att syftet inte gick fram till



samtliga ldrare, dd en av dem ifrdgasatte plattformen som
sddan. Hon undrade hur man skulle skriva ut testet, men
verkade f&4 en aha-upplevelse nir vi forklarade att det var
sjdlvrittande och skulle utforas digitalt. Detta dr viktigt att
lararna forstar.

Design av HiFi-prototyp

Nir vi borjade arbeta med véar HiFi-prototyp var det pa basis
av tidigare diskussioner i gruppen tillsammans med han-
dledare bestamt att denna skulle utformas i HTML 5 med
ytterligare funktionalitet fran JavaScript och biblioteket
jQuery. Dessa sprak och verktyg var helt nya for projekt-
gruppen vilket har bidragit till en utmanande inlérningskurva.
Efter en tids utveckling upptickte vi ocksa att det finns
ramverk som bland annat innehaller HTML- och CSS-baser-
ade mallar for knappar, textfélt, typsnitt, navigering samt
ytterligare JavaScript-funktioner. Ett av de ramverk som
stimde bra dverens med véra tidigare designval var Founda-
tion 5 frdn Zurb, och vi har darfor valt att anvidnda detta for
véar hemsida.

Nir vi har jobbat med HiFi-prototypen har vi utgétt fran
den senaste LoFi-prototypen samt lagt fokus pa den dynamik
som inte riktigt gér att uppna med hjélp av pappersbitar och
farger. Arbetet har fram till slutredovisningen fokuserats pa
att skapa ett fungerande formuldr for lararen att kunna for-
mulera en fragetext och lidgga till svarsalternativ i en
flersvarsfraga. Utdver detta har dven energi lagts pa att kunna
skapa flera fragor och ta bort fragor samt att mojliggora for
lararen att ldgga in flera svarsalternativ genom att hela tiden
erbjuda ett nytt svarsfalt nedanfor det som lararen for nér-
varande skriver i. Hur detta ser ut kan man tydligt se i Figur
3 nedan.

Welcome to Quieasy!

Friga1

© Feedback

Figur 3. Léraren skapar en fraga

Da tiden frén nér vi var klara med LoFi-prototypen (vid mit-
tredovisningen) fram till slutinlimningen var ganska kort har
vi endast fokuserat pa delar av frontend-systemet i den forsta
delkursen. Vi har dérfor i delkurs 2 fortsatt med designen av
frontend-systemet samt utvecklat ett backend-system. Vi har
bland annat lagt in mer dynamik i ldrarens verktyg genom att
erbjuda alternativ for att ta bort skapade fragor och
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svarsalternativ. Forutom detta har vi dven sett till att fragorna
sparas undan i en databas (gjord i MySQL) och lararen far en
bekriftelse pa att fragorna ar sparade. Bekriftelsen visas till-
sammans med en ldnk som kan distribueras till eleverna, sa
att de kan gora testet. Nar eleven gar in pa lanken genereras
hemsidan genom att fragorna och svarsalternativen hdmtas
frén databasen och visas med hjélp av PHP. Nir eleven sedan
har gjort sitt test maste eleven fylla i sitt namn for att skicka
in testet. Sedan réittas testet, resultatet fran en sadan réttning
kan ses i Figur 4 nedan. Dar en gron ruta syns innebér det att
svarsalternativet dr korrekt. Dér en rod ruta syns innebér det
att svarsalternativet var fel. Alla rutor som eleven har valt
markeras med en bock i. Om eleven svarade helt rdtt pa fra-
gan visas texten “Du svarade ritt pa frigan”. 1 Gvriga fall
visas texten “Du svarade fel pa fragan” foljt av texten som
lararen valt att ldgga in i feedback-faltet for fragan nér testet
skapades.

Fraga2

Vilka av dessa gaser ir si kallade vixthusgaser?

Svarsalternativ

@) Kvéve

Osyre
Koldioxid
Metan

Feedback

Du svarade fel pd frigan
Fundera pd vad som hiint om kviive (78% i luften) eller syre (21% i luften)
skulle varit viixthusgaser? Lis om viixthusgaserna pd sidan 511 bok

Figur 4. Eleven har svarat pa fragorna och far sitt resultat

Tredje testet

Genomforande

Vi genomforde sedan ett anvdndartest av vart nédstan fardiga
testverktyg. Vi besOkte é&terigen var testskola vid tva
tillfallen. Den forsta dagen var en studiedag, d& vi hade gott
om tid med ldrarna och kunde 1ata dem gora test med fragor
och feedback. Medan de gjorde testen tog vi anteckningar
och efterdt genomférde vi semistrukturerade kvalitativa in-
tervjuer. Dagen efter 14t vi tva elever ur respektive ldrares
klass gora de faktiska testen. Till f6ljd av ett fel raderades ett
test efter att det skrivits in och dérfor, deltog inte den ldrarens
elever i utprovning av testet dagen dérpa.

Lararperspektiv
Observationer av och intervjuer med de deltagande ldrarna
visade att alla forstod vad de skulle gora och férstod hur
hemsidan fungerade. Alla tyckte att det fanns ett naturligt
flode, det var enkelt (ingen &verflodig information runt
omkring sjdlva testfdltet), att layouten var snygg och det gick
snabbt med hela forfarandet.

De onskemédl som framfordes av ldrarna var att de on-
skade ha tillgang till kursiv/fet stil samt mdjlighet att kunna



dndra teckenstorlek. En larare 6nskade att man kunde lagga
in bilder och en larare 6nskade att kunna spara testfragor i en
bank. Intressant att notera ar att de tva lirarna som deltog
samtidigt hela tiden diskuterade frageformuleringarna, men
inte alls den tekniska sidan av testet. Detta pekar pa att vi har
uppnatt ett av vara tvd mal, malet pa den tekniska enkelheten.
Ambitionen har aldrig varit att skapa en hemsida som far
larare att fascineras eller prata om. Snarare skall det vara ett
tyst verktyg som “bara fungerar”.

En av de centrala aspekterna for oss var tidsbesparings-
frdgan. Vi har satsat pa enkelhet i form av tekniska 16sningar,
men ocksd mojlighet till snabb rittning, direkt aterkoppling
och statistik pd grupp- och individniva. Vi bad darfor alla
deltagande ldrare att jaimfora tidsatgang for ett digitalt test
och samma test i pappersformat for en hel klass pa ca 25
elever. Forberedelser infor ett test, det vill sdga frageformu-
lering och tid for att skriva in fragor dr samma for bada tester.
Man skulle kunna argumentera for att vart verktyg &r nagot
snabbare, d& man inte behover tinka pé layout eller utskrift.
Tidsbesparingen skulle framforallt ligga dels i sjélva rét-
tningsprocessen och registreringen av resultat dels i en au-
tomatiserad aterkoppling, som genereras lika for alla elever.
Tvé larare delade ut samma test som de genomforde i pap-
persformat, samtidigt som tva elever testade var digitala ver-
sion. En ldrare uppskattade att ett test i pappersformat for en
klass skulle ta ca 30 minuter att ritta, registrera och skriva in
feedback. En annan larare uppskattade samma arbete som en
timmes arbete. Ett digitalt test som vért minskar tidsdtgédng
for ovanstaende arbete med 30-60 minuter. P4 en termin (och
tanken &r att man arbetar med den sortens tester regelbundet)
genereras en vasentlig tidsbesparing.

En del diskussioner fordes kring feedback-knappen. Den
foreslagna texten i feedback-knappen 16d: Ténk pé att kri-
tiken ska hjélpa eleven att g& vidare i sin inldrning. Den
aterkoppling som ldrarna skrev in i sina tester var, framfor
allt “du svarade ratt/fel pa frdgan”; vid flera fragor rétt svar
skrevs in; en ldrare uppmanade elever att fundera dver svaret
och kolla i boken.

Tva av fyra ldrare mirkte forst inte feedback-knappen,
men sedan kom snabbt igang med den, nér de vl upptéickte
den. Alla larare undrade nir feedbacken visas for eleverna
och om den ges dven pa ritt-besvarade fragorna. Nér vi fra-
gade dem om deras intuitioner svarade de att feedback nog
bara skulle visas vid fel eller delvis fel, vilket ocksa ar var
intention. En av ldrarna pépekade att ndr man skriver feed-
back manuellt &r man mer noga och flerordig ndr man réttar
de forsta testerna, sedan skriver man mindre och mindre for
varje elev, eftersom man blir trott pa att skriva ungefér sam-
ma sak. De sista eleverna fér, i bésta fall, en stjarna eller in-
genting alls. Detta &dr ett mycket starkt argument for att an-
vinda digitala test, d& alla elever far likvardig feedback.

Elevperspektiv

De sex elever som genomforde testerna tyckte att det var
enkelt att forstd knapparna. Samtliga elever foredrog digitala
test framfor papperstest eftersom de upplevde att det var job-
bigare att skriva med penna. En av eleverna tyckte att up-
pligget av digitala tester var ett bevis pa att ldrarna borjade ta
eleverna pa mer allvar genom att ldgga ner tid pa att utforma
dessa enklare och roligare tester samt att det var bra att fa se
svaren direkt och att veta vad som gick fel och varfor. Detta
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ser vi som en bekriftelse pd en lyckad integrering av
teknologi och pedagogik.

5 Diskussion

I denna rapport har vi presenterat vart arbete med utveckling
av ett enkelt digitalt test for ldrare pa grundskolan. Enkel-
heten for anvéndare i tidsbesparingssyfte och mojligheten till
aterkoppling genom formativ bedémning har varit tva aspek-
ter som préglat vart arbete.

Allt gick inte smartfritt. Fran borjan hade vi missforstatt
uppgiften och satsade pé utveckling av ett test i linje med de
som redan finns pd marknaden sdsom Fronter eller It’s learn-
ing, det vill sdga tester med manga funktioner, som kréver
breda datorférkunskaper fran anvéndare. Lardomen som vi
drar fran detta &r hur viktigt det ar att studera och forstd mal-
gruppen innan man bdrjar utveckla produkten. Vi har gjort
intervjuer med bade gymnasieldrare och hogstadielarare men
blev missledda av gymnasieldrarnas kompetens. De kom
forvisso med virdefulla synpunkter pa detaljer de onskade
skulle finnas i digitala tester, men vi forstod forst inte att de
inte var var malgrupp. De knappa Onskemélen frén
hogstadieldrare tog vi inte helt pa allvar och fortsatte att utar-
beta en lang lista pé testfunktioner tills vi forstod att
hogstadieldrarnas brist pa forkunskaper krivde ett annat sétt
att angripa uppdraget.

I pilotstudie 1 med LoFi-prototypen dér larare skulle gora
en matchningsuppgift hade vi valt att de skulle para ihop
konstnédrer med konstverk som fardiga fragor. Det blev for
oss en lirdom om hur man ska hantera testpersoner. Exem-
plet som vi anvéinde oss av gjorde den forsta lararen nervos.
Hon kénde sig osédker och valde att inte matcha alternativen.
Om detta berodde pa att hon inte forstatt att hon skulle skapa
ett facit eller att hon var rddd for att blotta sin okunskap féar vi
aldrig veta. Larare kan kédnna ett tryck pa att alltid veta svaret
och detta hade vi inte tdnkt pa. Istillet for att koncentrera sig
pa utprovning av funktioner i testet gick energi &t till att inte
gora bort sig. Till anvdndare nummer tva dndrade vi snabbt
exempel till ord och enkla ordklasser.

Vidare mérkte vi att vrt scenario kanske var daligt. Ingen
av anvéandarna utforskade riktigt hur feedback fungerade i
vért andra test. Man kan anse att vi borde haft med i vart sce-
nario att de skulle ldgga till feedback. Samtidigt ville vi att de
skulle uppticka detta sjilva, for att se om véra affordances
fungerade.

Tredje omgéangen av testande, som genomfoérdes i en my-
cket liten skala, gav oss dndé vissa inblickar i hur vart verk-
tyg skulle kunna anvéndas. Enkelheten i form av testdesign
och aterkopplingen genom formativ bedomning i digitalt
format samt mojlighet till direkt statistik av resultatet ger
uttalad tidsbesparing for ldrarna och roligare inldrningsmaj-
ligheter for eleverna.

Vi planerade i kurs 2 att utveckla alternativen for
aterkoppling. I kurs 1 hade vi foreslagit ett antal exempel pa
formuleringar av formativ feedback, baserade pa processin-
riktade och metakognitiva strategier. Vi var inte helt néjda
med dem och planerade att fordjupa oss i detta och forbéttra
formuleringarna under kurs 2. Vi ville dven utforska mojliga
konkretioner av formativ bedémning i kurs 2. Vi fick lata bli
denna satsning dels pd grund av att vi endast hade ett
svarsalternativ att erbjuda, flervalsfragor, dels darfor att vart
test inte skulle genomfoéras i en helklass. Det ar rimligt att



anta att lararna inte lade ner mycket tid pa att fundera ut
limplig feedback nir det bara gillde enstaka elever. Annu en
anledning till att l14ta bli fokusera pa feedbackformuleringar-
na var insikten om att larare kanske inte var helt férberedda
pa att fordjupa sig i denna problematik. Vi bestimde att den
ursprungliga texten fick std kvar. Vara farhdgor besannandes
i viss man: ldrarna anvinde inte feedback i s hog utstrackn-
ing. Vissa gjorde det och skrev medioker aterkoppling i den
avsedda rutan, men inte tillrickligt god for att verkligen
kallas formativ. Detta kan vara ett tecken pa att ldrarna inte
helt forstod vad menades med feedback och att det behdvs en
teoretisk fordjupning i formativ bedémningsproblematik, helt
i linje med vad Hattie och Timperley (2007) sédger om forma-
tiv beddmning och ldrares kompetens.

En viktig aspekt av ett projekt som detta ar att f4 en grupp
att fungera. Sérskilt komplicerat kan det bli nédr en grupp &r
heterogen. I vart fall var det en grupp med olika kompe-
tenser, aldrar och utgéngspunkter. For att &nda lyckas och ha
fokus pé sjilva uppgiften giller att angripa skillnader och
16sa konflikter, samtidigt som skillnader alltid innebér styrka
man kan ta till vara pa.

For att komma at detta har vi anvéint oss av idéer fran
Osvath (2014) om hur man fir en grupp att snabbt komma
over sina sociala spanningar och né en fas av hogsta produk-
tivitet. Detta har bestétt i att diskutera vara inbordes forutsét-
tningar och vara 6ppen med om ndgot ar frustrerande eller
inte gar ens vig. I vart fall har det till stor del handlat om att
stindigt ha sé lang planering framéat som mdjligt sé att en av
vara gruppmedlemmar har kunnat boka in méten och delta i
grupparbete. Nér vi vil ordnat med detta i god tid, har det
heller inte blivit nagra problem.

Sammanfattningsvis kdnner vi tillfredstillelse med vad vi
har kunnat astadkomma under utvecklingsarbetet med det
digitala testet. Det hade varit intressant att genomfora ett
antal av sddana tester pa klassnivd med flera typer av fragor
och se hur feedback och statistik fungerar i verkligheten, da
med en genomténkt aterkoppling for elever under denna serie
av tester. Man skulle kunna genomftra en jamforelse mellan
summativa prov i en kontrollgrupp och en grupp som arbe-
tade med vara tester och som fick regelbunden formativ
aterkoppling. Det dr dd man skulle kunna utvérdera fullt ut
testets enkelhetsaspekt och se dess pedagogiska virde som
ett verktyg for formativ bedomning pa flera plan.
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Projekt MonZ

Rebecka Alves-Martins, Frida Bredberg, Niklas Grahl, Felix Hedlund, Carl Larsson Danell

Kungliga Musikhégskolan, KMH, i Stockholm har eftersikt
en losning for att digitalisera sitt antagningsprov i musikte-
ori efter att ha insett vinsterna i form av tids- och resursbe-
sparingar med en lyckad digitalisering. Efter denna insikt la
de en bestillning hos LTH, vilket resulterade i ett projekt som
kallas MonZ.

Projektet vars mdl varit att ta fram denna Iosning har
bestdtt av iterativa designprocesser som krdvts for att ta fram
de idéer och koncept den slutliga framtagna prototypen byg-
ger pd. Systemet som ska fungera som det digitala antagn-
ingsprovet ska erbjuda en mdngd funktioner, vilka dr fram-
tagna ur en iterativ process ddr bestdllaren hittat nya on-
skvirda funktioner och tjdnster efter att implementering syn-
liggort dessa.

Den konceptuella modell som utgor kdrnan i det digi-
taliserade provet har utformats efter en julkalender vilket
betyder att provet bestdir av en overgripande vy ddir hela
provet utgor ett musikstycke. Varje frdga i provet utgor en
takt i musikstycket och kan besvaras forst efter att provta-
garen tryckt pd den specifika takten. Den implementerade
losning som utgdr prototypen for projektet dr baserad for
moderna webbldsare och ska ga att kora pd de datorer som
finns pa KMH. For att navigera i det digitala provet har ett
grdnssnitt utformats och for att fullfélja ett prov ska provta-
garen ha tillgang till dator, datorskdrm, tangentbord, mus
och MIDI keyboard.

Losningen utgér endast en prototyp av en fardig losning
och for att firdigstilla den bor noggranna anvindartester
och fortsatt implementering fortgd. Det finns svdrigheter
med att digitalisera prov i musikteori, inte minst for att
musikteori dr ett komplext dmne som krdver stora resurser
for att kunna digitalisera allt som dr mdjligt med vanlig pen-
na och papper

1 Introduktion

Kungliga Musikhogskolan dr Sveriges mest prestigefyllda
utbildningscenter for musikstudier och varje ar soker ett stort
antal personer in med férhoppning om att deras musikkun-
skaper ska ricka for att bli antagna. De 500-600 personer
som ansoker om de 20 platser som finns pé jazzutbildningen
far forst gora ett prov, som fungerar som en gallringsprocess,
dir ca 100 ansokande viljs ut for att gora ytterligare
provningar lokalt vid KMH i Stockholm. Detta inkluderar ett
musikteoriprov dar de ansdkande far visa sina kunskaper
inom musikldra, satsldra och gehor. De som gar vidare efter
det steget kan tillbringa upp till sex dagar i Stockholm,
medan de som séllas ut spenderar en till tva dagar pa KMH 1i
samband med antagningen. For ldrarna péd skolan innebér
rittning och beddmning av alla sokande mycket administra-
tion och jobb, d& proven dn idag gors analogt, med penna och
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papper som enda verktyg - bortsett fran ett keyboard.
Uppgiften, som vi fick av bestéllare Torbjorn Gulz som ans-
varar for Jazz-, Musik- och Mediainriktningarna pa KMH,
var att digitalisera teoridelen av antagningsprovet och
ddarmed fora in Kungliga Musikhogskolan i 2000-talet.

1.1 Bakgrund

Teoridelen av antagningsprovet till Kungliga Musik—
hogskolan bestér av tre delar: musikléra, satsldra och gehor,
dér vardera del tar en timme i ansprdk och kriver olika
hjdlpmedel.

Musikléran ar den del som bestér av fakta- och kunskaps-
fragor, transponering och andra fragor som kan besvaras
antingen rétt eller fel. Satsldran &r ddremot mer kreativt pro-
vande och kriaver djupare forstdelse i harmoni- och
melodildra. Den innefattar &ven en kompositionsuppgift som
maste bedomas. Slutligen har vi gehdrsdelen som provar de
ansokandes gehor och musikalitet. Uppgifterna pa denna del
gar ut pa att lyssna pé ett musikstycke och transkribera detta,
dven andra uppgifter som testar ansdkandes gehoér kan
forekomma.

1.1.1 Mal med digitaliseringen

Ett mal med digitaliseringen ar att sammanfoga dessa tre
delar (musikldra, satsldra och gehdr) av teoridelen till ett
enhetligt prov, dir provtagarna har tillging till samma
hjalpmedel genom hela provet. De direkta férdelarna med en
vial genomford digitalisering &r att provtiden for de an-
sokande minskar och dédrmed blir genomforandet av provet
mindre uttrdttande. Belastningen pé provvakter kan minska
betydligt d& utdelande av material och administration av
musikuppspelning kan upphdra helt. Da ett digitalt prov inte
kréaver lika string administration som ett analogt dppnar det
upp for mojlighet till att lata de ansokande sjdlva boka in
vilken tid de vill utféra provet. Aven rittning har varit en
omfattande process for personalen pa KMH, vilket 6nskas
minska tack vare digitaliseringen.

1.1.2 Tidigare forsok till digitalisering

P& KMH har man gjort ett tidigare (internt) forsok med digi-
talisering, som resulterade i ett prov med enbart flervalsfra-
gor. Det gjordes i Moodle och riktade sig endast till ldrarstu-
denter. Det faktum att provet bestod av enkétfragor gjorde att
dimensioner av kunskap och kreativitet forsvann, vilket
dérmed sinkte korrelationen mellan vad KMH ville att de
ansokande skulle visa att de kunde och vad de faktiskt fick
visa att de behdrskade. I detta projekt har nya végar provats
och funktioner har satts ihop i nya konstellationer, vilket gor
Projekt MonZ unikt.



1.2 Bestdllaren

Digitaliseringen medfor stérre mojligheter i digital funktion-
alitet och en av utmaningarna har varit att undersdka och
utforska dessa mdjligheter, med tanke pd att detta dr ny mark.
Gulz har under hela projektets géng ocksa varit uttryckligen
man om hog anvindbarhet for att gora dvergédngen fran ett
analogt till ett digitalt system smartfri och smidig. Fordelen
med en innovativ 16sning som spréanger tidigare grénser ar att
“bést fore”-datumet skjuts langre fram i tiden vilket betyder
att lIosningen ska vara héllbar en lang tid framdver och leder
till sparad tid och kostnad for Kungliga Musikhdgskolans IT-
avdelning.

Malet pa KMH ar att anvdnda vér 16sning skarpt redan
varen 2015, vilket sétter stor press pa oss att leverera ett re-
sultat som ar funktionellt, relevant och framfor allt rittvist
for alla sokande, eftersom antagningsprovet kommer paverka
de ansdkandes framtid.

1.3 Intressenter

Den storsta intressenten inom detta projekt &r KMH som har
mycket att tjana pa en forenkling av den langa och resurskra-
vande process som utgdr antagningsprovet i dagsliaget. Andra
intressenter dr musikskolor som &ven de kan vara intresser-
ade av en sadan 16sning samt skolor inom helt andra omraden
men med samma typ av antagningsprocess.

1.4 Malgrupp

Malgruppen ir av varierande aldrar di det inte finns en 6vre
aldersgréns pa att ansoka till utbildningen. Ansékande ska ha
avklarat gymnasiet och ldmpligen ett par &r pa folkhogskola
vilket betyder att ansokande kan vara av endera kon och
minst 20 ar gammal med fa undantag.

2 Generering av idéer
2.1 Genomférande av prov

2.1.1 Brainstorming

Under denna forsta och inledande brainstormingen diskuter-
ades hur antagningsprovet skulle gé till for att provtagaren
instinktivt skulle kunna lsa uppgifterna pa ett prov. Gruppen
var snabbt Gverens om att en webbsida var enklast och
smidigast for att implementera det digitaliserade provet, da
dagens webbldsare kan hantera avancerade funktioner och
dessutom é&r plattformsoberoende. Ett program skapar dessu-
tom problem nir det kommer till uppdateringar och ned-
laddningar. Det enda som skulle krdvas for att kora MonZ é&r
en modern webbldsare. Daremot har valet av webbldsare som
plattform genererat problem som att bibliotek kan behdvas
uppdateras och underhéllas d& webbldsaren uppdateras.
Dérav kom vi 6verens om att ett dokument for att sitta upp
instéllningar for datorerna som ska anvdndas maste skapas
dér det beskrivs optimerade versioner av webblédsare och
instéllningar for dessa webblésare, dven vilken typ av web-
bldsare bor specificeras da vanliga webblédsare som Internet
Explorer kan vara otillrickliga for denna typ av applikation.

I samband med "brainstormingen" togs en linjar modell
fram dir man klickar sig vidare till nésta fraga sekventiellt.
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Ett annat forslag handlade om en vertikal vy dér provtagaren
scrollar vidare till nésta frdga vilket ger ett naturligt flode.
Samtidigt var bestdllaren av projektet var ute efter idéer som
kunde bryta det traditionella konceptet av ett antagningsprov
och kom darfor sjalv med egna idéer som vi tog till oss och
anviande i var slutliga 16sning. De olika idéerna och kon-
cepten som foreslogs under den har fasen baserades till stors-
ta del pd information fran kurserna “Interaktionsdesign,
grundkurs - MAMAT15” och “Kognition - TEK210” givna
vid Lunds Tekniska Hogskola under laséret 2012.

En stor del av projektet handlar om inmatning av noter
och mgjligheten att redigera dessa noter. Ndgot som skulle
utforskas vidare efter brainstormingen var vilka bibliotek
som skulle kunna tillata denna typ av inmatning och rediger-
ing. Det skulle komma att bli en kritisk punkt i projektet om
inmatning av noter inte kunde accepteras i en webblisare.
Dérmed blev detta ndgot av det forsta som undersoktes efter
brainstorming.

2.1.2 Forkastad ide

Efter den inledande brainstormingen tog vi fram en forsta
Lo-Fi-prototyp enligt en iterativ process som préiglades av
gruppens egna asikter samt bestillarens krav och idéer. De
forsta skisserna till Lo-Fi-prototypen gjorde vi efter ett rela-
tivt traditionellt provkoncept. Fokus lag pa anvéndbarhet och
design i avseendet att webbsidan skulle vara s& enkel att
forsta och navigera i som mojligt (se figur 1). Provet skulle i
det skedet besta av tre delar - satsldra, musikldra och gehor -
varav vardera del bestod av ett antal fragor. I denna fas var
orientering i fokus, vilket vi l6ste genom genvigsknappar
langs vénstra vertikalen, for att navigera sig till respektive
fréga.
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Figur 1: Lo-Fi-prototyp version 1

Avklarad/pagéende/kvarstaende fraga och delprov éar
fargkodade med de vedertagna fargerna gront och gult, samt
gra for att anvidndaren enkelt ska kunna orientera sig och fa
en tydlig dverblick av var i provet hen befinner sig. P4 sé sétt
skapas naturlig mappning. I och med att anvéindaren besvarar
en frdga och gér vidare, &dndrar den férg till gron parallellt
med att den valda fragan blir gul, vilket ger tydlig feedback
till anvéndaren. Det var viktigt att fa alla navigeringsknappar
att se klickbara ut, for en tydlig synlighet.



2.1.3 Nytt koncept

Efter 6verldggning med bestdllaren som hade mycket idéer
kring upplégget tog vi fram ett nytt koncept och en ny proto-
typ dartill ("LoFi-prototyp version 2"; se figur 2). Den tradi-
tionella modellen slédpptes och ersattes av ett koncept med en
julkalender som konceptuell modell [2], l4s mer om denna
modell i avsnitt 4. Huvudsidan bestar av ett notblad dér fra-
gorna vavs in i takterna, vilka &r fargkodade, for att ge en
tydlig overblick av var fragorna dr i granssnittet. Fragorna
Oppnas genom att klicka pd dem och efter att en friga
besvarats kommer man alltsd tillbaka till notbladet.

2.1.4 Lo-fi prototyp
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Figur 2: Lo-fi-prototyp version 2

Den vinstra bilden i figur 2 ovan visar en mojlig 6versik-
tsvy over provet dér takten som utgdér den forsta fragan &r
markerad i blatt. Tanken var att flera fragor skulle markeras,
mdjligtvis 1 olika farger, en idé som sedan avslogs vid im-
plementering. Den hogra bilden illustrerar vyn efter att fra-
gan valts. Verktygsfaltet bestdr av en roll-up innehallande
noter for notinmatning, radera-knapp samt dubbelkodade
avbryt- och klarknappar. Nar anvindaren klickar pé klar-
knappen dndras fragans farg pa dversiktssidan for att indikera
att den dr besvarad. Vid klick pa avbryt-knappen sparas
eventuella dndringar och fragans farg forblir oforandrad for
att indikera att den dnnu ej 4r besvarad sa att anvéndaren inte
ska missa att fullborda nagon fraga.
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2.2 Konstruktion av prov

2.2.1 Brainstorming

Att systemet ska vara enkelt att anvdnda har varit ett klart
onskemal fran bestdllaren. En annan faktor som paverkade
tankegéngarna till den provskapande delen av systemet var
att provet ska fungera som en julkalender som tidigare
beskrivits. Med denna utgangspunkt och att provet ska
genereras fran en bild skapat i ett externt musikprogram var
den mest sjélvklara och enkla idén att efter provbilden lad-
dats upp ska ldraren som skapar provet rita ut pa bilden var
fragorna ska hamna. Nér en fraga ritats ut ska ldraren déarefter
ange vilken typ av fraga, svarsalternativ och eventuell mall
for rittning.

2.2.2 Lo-fi prototyp
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Figur 3: Ldrarens huvudsida

Niér lararen har loggat in ska en huvudsida visas med al-
ternativ for att skapa ett nytt prov enligt figur 3, redigera eller
publicera prov samt for att ritta prov. De alternativ som
kréaver att lararen ska vilja ett specifikt prov att redigera eller
ritta ska tydligt indikera att ett knapptryck genererar en lista
med mojliga prov dir ldraren sedan viljer vilket prov som
ska hanteras.

* o (= Hinz.se — @7 \

o
Skapa nytt prOV ‘Logga ut Jérgen Larare

)
(Namn ]

]( Skapa prov U

_ 4

Figur 4: Skapa nytt prov




Niér en ldrare vill skapa ett nytt prov gar man fran hu-
vudsidan till provskaparsidan genom att trycka pa knappen
for att skapa nytt prov. Provskaparsidan ser ut som figur 4
och léter ldraren ladda upp en provbild som ska vara en ho-
risontell bild skapad i Sibelius. Lararen ska dven namnge
provet och trycka pa knappen for att skapa prov.
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Figur 5: Redigering av prov

Naér lararen precis skapat nytt prov eller valt att redigera
ett befintligt ska en sida visas med funktioner for att ldgga till
och redigera fragor samt en funktion for att publicera provet
och dérmed gora det tillgdngligt for provtagarna. Enligt figur
5 gér det att ldgga till en fraga genom att:

i.  Tryck pa knappen for ny fraga.

Muspekaren dr nu ett kors och ldraren ska markera
vilket omrade som ska utgéra en fraga.

iii. En pop-up ruta ldgger sig ovanpa provet och bak-
grunden fér en gré ton. I denna ruta ska ldraren ange
vilken typ av frdga som skapas och dérefter ange
extra information som behdvs i frdgan innan pop-up-
rutan stings ned med ett knapptryck.

Pa liknande sitt ska en redigering av fraga vara mojlig.
Da ska dock steg 1 bytas ut mot att trycka pa knappen for att
redigera fraga.

2.3 Rdttning av prov

2.3.1 Brainstorming

Den sista stora delen som utgdr systemet och som &nnu inte
berorts dr hur réttning ska ga till. Med utgangspunkt i att
systemet ska vara létt att anvéinda kunde en brainstorming
genomforas for att ta fram en enkel idé. En matris 6ver prov-
tagarnas resultat blev en sjdlvklar och enkel 16sning da
lararen snabbt kan fa en dverblick dver resultaten. Om rutor-
na i matrisen &r klickbara och visar provtagarens svar pa den
specifika fragan blir det dven valdigt ltt for lararen att hitta
och ritta de fragor som kriaver manuell réttning.
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2.3.2 Lo-fi prototyp
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Figur 6: Rdttning av prov

Rittning av ett prov ska besta av en matris dér besvarade
fragor star podngsatta for varje provtagare enligt figur 6. Var-
je ruta i matrisen ska vara klickbar. Nér en ruta klickas ska en
pop-up visa hur provtagaren har svarat i géllande fraga. Om
frégan réttas automatiskt blir den gronmarkerad och poédngen
visas enligt figur 6. Om fragan kriver manuell réttning blir
den gulmarkerad och ldararen kan trycka pa fragan for att se
provtagarens svar och dédrmed sjdlv kunna skriva in hur mén-
ga poing provtagaren ska fa och sedan spara réttningen, ru-
tan blir d4 gronmarkerad.



2.4 Inloggning

2.4.1 Standard inloggningssida
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Figur 7: Lo-fi-prototyp inloggning

Gillande provtagarens inloggning har det tidigare
bestdmts att provtagaren ska fa inloggningsuppgifter av insti-
tutionen. Darmed &r det rimligt att provtagaren loggar in pa
en traditionell inloggningssida enligt figur 7 och det blir litt
for systemet att kontrollera vilken provtagare som hor till
vilken session. Detsamma giller ldrarens inloggning dér
tanken ar att dven ldrarens inloggningsuppgifter ska komma
fran institutionen.

2.5 Iterativa genomgdngar av systemet

En méngd idéer har tagits fram genom iterativa genomgéangar
av det befintliga systemet. D4 funktionalitet testas och
utvérderas i dessa genomgénger och man far en bild av speci-
fika funktioner i en storre kontext - en samlad bild 6ver hela
systemet - dr det en bra metod for att generera idéer och
tankar kring hur systemet bor se ut och fungera. Exempel pa
detta &r hur vi testat att dra rutor for att skapa fragor i
provskaparens vy, d& insdg vi att det blir svart att placera
rutorna jamt vilket ger ett rorigt och inte sérskilt 6verskadlig
bild over provet. Darmed bestimdes att ett antal pixlar ska
hoppas 6ver for att 14tt kunna placera fragor i raka led.
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3 Funktioner och tjinster

Viktiga funktioner och tjénster som ska ingd i systemet
har delats in i tre 6vergripande delar nedan.

3.1 Genomforande av prov

i.  Notinmatning - En provtagare ska kunna mata in
noter med muspekare/styrplatta och/eller MIDI key-
board di denne besvarar fragor.

Olika typer av fragor - Det ska férekomma fragor pa
sju olika inmatningsalternativ:

1. Enkétfragor.

2. Inmatning av melodi p& gehor.

3. Inmatning av ackord pa gehor.

4. Inmatning av ackordsymbol utifrédn notbild.

5. Inmatning av ackord i notbild utifrén ackordsym-
bol.

6. Inmatning av taktart.

7. Inmatning av rytm.

iii. Besvara fragor - Fragor ska kunna besvaras delvis
eller helt, det ska ga att ateruppta en fraga och fort-
sdtta besvara den.

iv. Hjélpmedel for att besvara fragor - Musikspelare
samt verktygsfalt for att radera, géra om, &ngra och
aterstélla fragan.

v. Fragor ska markeras som ej paborjade, delvis fardiga

eller fardiga med lampliga markorer.

3.2 Konstruktion av prov

i.  En ldrare ska kunna ladda upp en provbild skapad i
det externa musikprogrammet Sibelius.
En ldrare ska kunna skapa ett flertal fragor av olika
typer.

En ldrare ska kunna publicera ett prov for att mojlig-
gOra provtagning.

3.3 Rdttning av prov

i.  Om mojligt ska fragor rittas automatiskt.

ii. Fréagor ska visa vilka poédng provtagaren fatt.

iii. Léraren ska kunna ritta de frdgor som krdver
manuell rittning.

4 Konceptuell modell

En konceptuell modell &r helt enkelt en vanligtvist myck-
et forenklad forklaring till hur ndgonting fungerar[3]. Néar vi
refererar till den konceptuella modellen menar vi pa béade
systemets konceptuella modell som beskriver hur det over-
gripande flodet av information ska synliggoras i systemet och
dven provtagarens konceptuella modell. Provtagarens kon-
ceptuella modell ar ddremot den mentala modell som ska
fungera som en forklaring till hur systemet ska styras.

4.1 Konceptuell modell

Var konceptuella modell &r en julkalender, dar provet -
notbladet - utgdr sjélva julkalendern och fragorna motsvarar
luckorna. Genom att klicka pa en markerad takt, som sym-



boliserar en fraga och dirmed ocksé en lucka, 6ppnas fragan
i ett popup-fonster sé att anvandaren fortfarande ser notbladet
bakom fragan, precis likt en julkalender. Séledes kan man
Oppna och stinga en lucka utan att tappa bort provet. Sys-
temets och provtagarens konceptuella design dr densamma
da systemet ska fungera som en julkalender och anvindaren
ska bilda en mental modell av en julkalender da det &r pa
precis samma sdtt som en julkalender information visas i
systemet.

4.2 Konceptuell design

Vi valde att ha en horisontell design, snarare an vertikal.
Detta for att ge anvidndaren en tydligare oversikt Over
arkitekturen. Tack vare att fragorna &ppnas i ett popup-fon-
ster, ser anvéndaren enkelt var hen befinner sig, och var hen
kom ifran. Att vara konsekvent med placering av knappar,
underléttar navigeringen for anvéndaren. Darfor valde vi att
utforma alla popup-fonster, oavsett typ av frdga, exakt
likadant, med ett kryss i 6vre hogra hérnet och sparaknappen
i nedre hogra hornet. Detta For att fortydliga ytterligare for
anvéndaren.

5 Interaktion med systemet

5.1 Grdnssnitt - visuell interaktion

Ett granssnitt dr utformat for att visa information for anvén-
dare av systemet. En betydelsefull interaktion som daremot
omdjliggdr anvindning for en ménniska med synskador.

5.2 Musikspelare - interaktion med ljud

Musikspelaren utgér en kompletterande interaktion till fragor
som kréver att provtagaren lyssnar pd musikstycken. En in-
teraktion som utesluter anvindare med horselskador.

5.3 Interaktion via tangentbord

Ett tangentbord bor vara anslutet till anvdndarens dator da en
del frigor kriver inmatning frdn ett tangentbord. Aven vid
provskapande och réttning dterkommer denna interaktion.

5.4 Interaktion via datormus eller styrplatta

Denna interaktion &r avgoérande for att kunna navigera i sys-
temet.

5.5 Interaktion via MIDI keyboard

Ett av grundkraven var att inmatning via ett MIDI keyboard
ska vara mojlig da klaviatur ar ett vanligt forekommande
hjélpmedel vid antagningsprovet pA KMH. Denna interaktion
mojliggors genom att koppla in ett MIDI keyboard i den da-
tor provet ska genomforas.

6 Implementerad l6sning

Designprocessen har under hela projektets gang varit iterativ,
vilket innebér att den slutliga Hi-fi-prototypen kom att skilja
sig fran den ursprungliga Lo-fi-prototyperna. Vi imple-
menterade Hi-fi-prototyper redan fran en tidig fas i projektet
vilket har lett till att flera idéer har forkastats och nya de-
signbeslut har fattats &ven pa Hi-fi-niva.
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6.1 Genomforande av prov

Designen for provsidan dr den vi lagt absolut mest tid pa
under projektets gang eftersom det dr denna sida som kom-
mer synas utat for provdeltagarna. Att provsidan ska vara sa
avskalad och anvindarvinlig som mojligt dr nagot vi lagt
stor vikt vid.

6.1.1 Forkastade ideéer

I och med en iterativ design process har flera idéer efter
diskussion forkastas och ersatts med en nya, béttre 16sningar.

Verktygsfiltet

Verktygsfaltet har designats om flera ganger pa grund av
andrade krav frén bestillaren och nya 16sningsforslag. 1 bor-
jan av projektet implementerade vi verktygsfiltet sa att det
skulle fungera for fri rytmik, det innebar att vi hade en knapp
som dolde en roll-up-meny med olika musikaliska tecken, se
figur 8. Efter diskussion med bestéllaren valdes istdllet att
endast ha fast rytmik varvid roll-up-menyn ersattes till att
endast innehélla fortecken och notsymbolen éndrades till en
mer beskrivande symbol, dvs. ett fortecken.
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Figur 8: Roll-up-meny

Aven redigera-knappen (pennan i figur 8) och ligg till-
knappen (plustecknet i figur 8) raderades fran verktygsfaltet
da vi senare insag att det gick att implementera sa att det gick
att lagga till eller redigera en not utan nagra knapptryck, dvs.
endast m.h.a. muspekaren. I detta skede av projektet betydde
papperskorgen att provtagaren kunde radera en inmatad not
genom att trycka pa ikonen och dérefter markera den noten
som skulle tas bort.

Ganska sent 1 designprocessen beslot vi oss for att radera
Avbryt- och Klar-knapparna till hoger i verktygsfiltet och
istéllet ersédtta dessa med en enda knapp i verktygsfiltet,
Spara, och med ett kryss langst uppe i hogra hornet. Detta
designbeslut togs d& ordet “klar” inte indikerade att 16snin-
gen sparades och for att avbryt-knappen inte indikerade att
den stidngde ner fragan. Eftersom vi efterstravade en avskalad



design valde vi att bara ha en knapp till hdger i verktygsfaltet
och istéllet flytta upp en knapp i hogra hornet for att fortydli-
ga det och undvika en eventuell feltryckning.

6.1.2 Hi-Fi-prototyp

Nedan visas de prototyper dver provtagande som blivit den
slutliga implementeringen. Andringar fran tidigare diskuter-
ade alternativ har skett.
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Figur 9: Overgripande vy dver provet

Ett stort genombrott i projektet var nédr det implementer-
ades en ny farg for att indikera en icke fullt besvarad men
paborjad fraga. Fragan markeras alltsé i en gulaktig farg och
dérmed ser provtagaren direkt vilka fragor som ar helt besva-
rade enligt figur 9, vilka som inte har paborjats och vilka
fragor som &nnu inte besvarats fullstindigt. Dirmed kan
provtagaren sedan besluta sig for att 1dmna in provet fullt
medveten om vilka frdgor som saknar fullstindig 16sning.
Musikspelaren har dven fatt en mer betydande roll i denna
slutliga implementering da hela provet gar att spela upp da
provtagaren befinner sig i 6versikts-vyn. Daremot néir prov-
tagaren besvarar en fraga dndras ljudfilen till den specifika
takten som utgor géllande fraga.

Fraga 5
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Figur 10: Fraga med flera alternativ i verktygsfiltet

Verktygsfaltets utseende har dndrats en del. D& provta-
garen svarar pa en fraga har papperskorgen fatt betydelsen att
fragan atergar till initierat tillstdnd innan provtagaren borjat
svara pé fragan. For att radera enskilda noter som matats in
har ikonen radergummi inforts som visualiseras i figur 10.
Det har dven inforts ikoner och funktioner for att angra och
gdra om senaste dndringen med de vedertagna pilarna for att
angra och gora om. Som &ven kan ses i denna figur har fra-

gorna édndrats till popup-rutor med en snygg animering, detta
for att provtagaren létt ska kunna orientera sig. Det blir en
sjdlvklarhet att man atervénder till den &versiktliga prov-vyn
nir frdgan har besvarats. Den nya knappen for att spara en
frédga syns dven i figuren, dir har dven den traditionella
spara-ikonen lagts till for ett fortydligande.
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Figur 11: Fraga med begrdnsat verktygsfdilt

For att gora provtagandet dynamiskt och enkelt att an-
vianda begrinsas verktygsféltet om frégan inte krdver extra
funktionalitet enligt figur 11. I ovanstaende uppgift ska acko-
rd matcha beskrivna takter vilket endast krdver inmatning
med rullistor och/eller inmatning i textfilt med tangentbor-
det, dirmed 4r det optimalt att enbart visa knappen for att
spara déd ingen annan funktionalitet behovs.

6.2 Konstruktion av prov

6.2.1 Hi-Fi-prototyp

900610 -

Monz Admin

Figur 12: Léirarens alternativ

Enligt figur 12 visas alla ldrarens navigation pa en in-
ledande sida efter inloggning. Delarna har betydande och
mycket olika funktioner och bér ddrmed vara separerade pa
detta sitt.

Monz Admin

Figur 13: Att skapa en fraga

Nér en ldrare vill skapa ett nytt prov har denne navigerat
till “Skapa nytt prov” dér systemet ber lararen ladda upp en
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provbild. Efter att provbilden laddats upp kan ldraren ga vi-
dare till vyn som visas i figur 13. Dér gar det att skapa fragor.
Ny fréga viljs med plus-knappen nere i vénstra hornet,
dérefter kan ldraren dra med markoren en rektangel som
sedan blir den valda fragan enligt figur 13. Detta &r dven den
vy som syns om ldraren hade valt “Redigera/Publicera prov”
i figur 12.
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Figur 14: Formdr vid skapandet av frdga

Nir en fraga har skapats med markeringsverktyget som
anvéndes i figur 13 kommer léraren till denna vy som syns i
figur 14 dér systemet ber om information till fragan. Det &r
sedan denna information som provtagaren ser nir denne ska
besvara den givna fragan.

6.3 Rdttning av prov

6.3.1 Hi-Fi-prototyp

Monz Admin

Resultat for prov: 1.
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Figur 15: Rdttning av prov

Om ldraren viljer “Ritta existerande prov” i vyn som
visas i figur 12 navigerar systemet vidare till denna vy som
syns i figur 15. Dér visualiseras alla provtagares resultat med
siffror som anger podng. En friga som kriver manuell rit-
tning dr gulmarkerad och l4raren ska ddrmed kunna trycka pa
denna besvarade fraga och manuellt skriva in podng pa
uppgiften. Darefter ska den manuellt réittade frdgan gron-
markeras och podngen laggas till i provtagarens totala poédng.

7 Grafisk design

7.1 Férgval

For att bestimma fargpalett for provet besokte vi Kungliga
Musikhogskolans hemsida [1], for att se vilka farger som
redan anvénds. Rott, svart och vitt dominerar, varpa de olika
institutionerna (jazz, klassiskt, musik- och media osv.) repre-
senteras av vardera egen farg. Utifran denna information
fattade vi beslutet att anamma férgerna svart och vitt, for att

folja KMH:s fargtema och fa provet att kdnnas som en del av
musikhogskolan, och den dominanta fargen rod bestdmde vi
oss for att ersdtta med en firg som inte redan existerar i
sammanhanget, och som &r neutral men dndd utméirkande
med avsikt att ha en firg som forknippas med MonZ. Resul-
tatet blev en nyans av turkos. Féargen anvénds till logotypen,
verktygsfiltet, samt som markdr for takterna. Nyansen av
turkos dndrades en aning infor hi-fi-prototypen, da den i
sammanhanget blev for utstickande och tog fér mycket vi-
suell uppmarksambhet.

Takterna &r fiargkodade med gratt som indikerar en
obesvarad fraga, gul for halvt besvarad fraga, och gron for
besvarad frdga. Nar man héller musen over takten, vilken det
ligger en fraga i, blir den turkos for att fortydliga var mus-
markdren befinner sig samt att klargdra att den gar att klicka
pa. Efter att en fraga fullstdndigt besvarats blir tillhdrande
takt gron for att indikera att frigan har besvarats. Om anvén-
daren véljer att svara trots att nadgot saknas, blir den gul. Nér
man hovrar 6ver en besvarad fraga forstirks den grona far-
gen, aterigen for att fortydliga att den gér att klicka pa. Pa
samma sétt forstarks den gula féargen.

7.2 Typsnitt

Eftersom det dr en webbapplikation &r texten sans-serif,
vilket gor att texten blir lttare att ldsa pa grund av att dgat
har lattare att folja text som inte har fotter pa en skidrm. Vi
har valt typsnittet Arial for att det &r ett sans-serif-typsnitt
och som dessutom é&r ett typsnitt som &r anpassat efter en
skdrm. Arial skapades med Monotypes Grotesque som mall,
men har modifierats for att passa dnnu battre till datorskér-
mar[11], med en forbéttrad ordbild. Dessutom finns det in-
stallerat pa de flesta datorer.

7.3 Layout

Malet var att ta fram en design som &r ren och minimalistisk,
eftersom fokus ska ligga pa sjilva provet och dess uppgifter.
P& grund av omstindigheterna kring antagningsprovet -
pressen pa provdeltagarna och tidsbristen - ar det viktigt att
de ansokande inte blir distraherade av grénssnittet. Detta ténk
resulterade i en diskret bard ldngs nedre kanten som utgor
verktygsfélt och bestar av de fa verktyg provtagarna har till-
géng till. Notbladet som utgor provet ligger centrerat i mitten
av sidan for att fanga provtagarens uppmaérksamhet.

7.3.1 Verktygsfiltet

Vid utformandet av verktygsféltet tog vi hinsyn till lagen om
nédrhet. Knapparna ér grupperade efter deras respektive funk-
tionskategori. Till vénster ligger knappar som dr relaterade
till redigering och inmatning, och till hdger de som hor till
hela fonstret. Ikonerna vi valt &r enkelt utformade och helt
vita for att de ska smalta in i designen, men &dven sticka ut i
sammanhanget. Nar man for musen 6ver en ikon markeras
den med en morkare nyans av turkos for att tydligare visa var
musmarkoren befinner sig men dven att ikonen ar klickbar.



8 Teknisk implementering och funktion-
er

I detta avsnitt beskrivs hur implementeringen har gatt till pa
ett dvergripande plan. Hér behandlas kodstruktur, val av bib-
liotek samt implementering av specifika funktioner och tjén-
ster.

8.1 Struktur

Koden ar uppdelad i 7 mappar, se figur 16. Klientkoden lig-
ger 1 mapparna “admin”, “main” och ‘“shared”. Mappen
“admin” innehaller filer for administrationssidan och “main”
inehaller filer som endast anvidnds pa huvudsidan (dir stu-
denterna genomfor provet). Filer som delas mellan “main”-
och “admin” ligger i mappen “shared”. Jimte dessa ligger
mapparna “sass” (.sass filer) och “data” (original till bildfil-
er). Mappen “tests” innehéller filer for enhets- och integra-
tionstestning.

For att struktura upp klientkoden s &r den uppdelad i
komponenter. Komponenterna har varsin javascriptfil samt
en HTML-mall i “partials”-mappen. Eftersom webbldsaren
inte forstar sass direkt sd genereras en css-fil utifran vara
sass-filer. Denna fil hamnar i “shared/css”-mappen. Mappar-
na “img” innehaller bildfiler som visas pa hemsidan. Map-
parna “js” innehéller de javascript-filer som anvinds. I
“api”’-mapparna ligger filer for kommunikation mellan klient
och server. Filer fran externa bibliotek, bland annat Angular-
Js och Bootstrap, kopieras in i en ny “vendor” mapp.

~admin/
+api/
+js/
+partials/
-index.php
-login.php
-logout.php
+data/
~main/
+api/
+audio/
+img/
+js/
+partials/
-index.php
-login.php
-logout.php
+sass/
+server/
~shared/
+css/
+img/
+js/
+partials/
+uploads/
+vendor-static/
+tests/

Figur 16: Kodstruktur
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8.2 Bibliotek

De bibliotek som anvénts for front-end &dr: AngularJS[4],
Lodash[5], VexFlow[6], BootStrap[7], Web MIDI[8], HTM-
L5 Audio[9] och SASS[10].

Angular]S dr ett ramverk som anvénds for single-page
hemsidor. Det ger ocksd en mer fast struktur och
oversikt 6ver koden.

Lodash &r ett bibliotek for vanligt forekommande
JavaScript-funktioner.

For att rita noter har vi anvint VexFlow, som éar ett
JavaScript-bibliotek under utveckling, anvénts.

For designen av gréanssnittet har “front-end”-ramver-
ket Bootstrap utnyttjas, varifran olika designkompo-
nenter kan hamtas till sin egen design.

For inmatning av noter fran klaviatur har Web MIDI
anvénts. For att spela upp ljudklipp anvinds HTML5
Web Audio API.

SASS ir ett sprak som bygger ut CSS med extra funk-
tionalitet och anvénds i vart projekt da det ger oss
storre renare och mer strukturerade stilmallar.

De programmeringssprak som anvédnds for back-end
dr PHP och MySQL eftersom det &r dessa program-
meringssprak KMH anvinder pa sina servrar och
uppgiften dr att interagera detta system med deras.

8.3 Funktionalitet

I den forsta delkursen 14g storst fokus pé notinmatning och
design. De implementerade funktionerna var ddrmed framst
till for provdeltagarna d& uppgiften till hands till storsta del
handlat om hur ett prov utfors och inte hur en lérare tillverkar
provet. Detta var dock ocksé en mycket viktig del som vi la
storst fokus pa under den andra delkursen. Hér nedan presen-
teras nagra utvalda funktioner vi har implementerat.

8.3.1 Notinmatning

Notinmatning &r den viktigaste funktionen eftersom det ar
denna funktion som skiljer detta projekt fran den tidigare
digitaliseringen.

Noter kan matas in med hjalp av muspekaren och verk-
tygsfiltet, eller keyboard, enligt fast rytmik. Fast rytmik in-
nebér att det de ansdkande ska gora dr att mata in rétt not,
utan att behova ta hinsyn till rytm. I roll-up-menyn (se figur
5) kan man vilja tillfdlliga fortecken. Genom att markera en
redan ifylld not, kan noten flyttas vertikalt. Suddgummit
raderar den valda noten. Papperskorgen aterstéller hela fra-
gan. Den vinstra cirkelpilen &ngrar och den hogra cirkelpilen
gor om.

+
3

B |

Figur 17: Roll-up-meny




8.3.2 Musikspelare

1 gehorsdelen av teoriprovet behéver provtagaren tillgang till
en musikspelare for att spela upp musikstycket men dven
spola, pausa och dndra volym efter eget behov. Som musik-
spelare anvinds HTMLS5 audio[8] elementet, som i utseende
och funktionalitet féljer en numera etablerad standard.

8.3.3 Ackordvdiljare

Ett ackord bestir av en grundton, ters och kvint, och inom
jazz &r det dessutom vanligt med sa kallade fargningar. Detta
ger utrymme for ndrmast odndligt ménga ackordkombina-
tioner. En del provfragor géar ut pa att mata in sjélva ackord-
namnet och var 16sning till detta &r tva listor, dér den ena
innehéller alla grundtoner, och den andra alla varianter av
ackord. Dirtill finns en fritextruta dir provtagaren manuellt
kan skriva in onskat ackord via tangentbordet enligt figur 18.
Da grundtonen valts, antingen i den vénstra listan eller via
tangentbord, listas forslag pa de vanligaste ackorden med den
inmatade grundtonen. Vill man vélja ett annat ackord &r det
bara att mata in resten av det dnskade ackordet.

Takt: 52
Grundton 4 =
Major
Minor
dim
Takt: 52 aug

Grundton Sus

C

C#

Figur 18: Ackordvdljare

8.3.4 Taktart

Négra provfragor gar ut pa att skriva in taktart for takterna.
En taktart beskriver antalet slag per takt och skrivs i brék-
form, dar ndmnaren beskriver vilken typ av not (exempelvis
attondelsnot) och téljaren antalet sddana noter som finns i
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takten. Vi valde att 16sa denna typen av fragor med hjélp av
tvé fritextrutor, en for téljare och en for ndmnare, separerade
med ett snedstreck. I rutorna kan taktarten antigen matas in
via tangentbordet eller med uppat-/nedatpilarna lingst till
hdger i rutorna. En annan idé var att istéllet ha tva dropdown-
listor med taktartsforslag. Efter diskussion valdes dock detta
16sningsforslag bort eftersom det hade blivit for langa listor
med alla mgjliga taktarter som kan existera.

8.3.5 Markera som paborjad/avslutad

For en provtagare dr det viktigt att se huruvida en fragad &r
besvarad eller ¢j. Detta lade vi stort fokus pa och gick fran att
bara ha tva olika status (ej paborjad och avslutad) till att
istéllet ha tre olika (ej pabodrjad, paborjad, avslutad). Detta
beslut togs da vi diskuterade oss fram till att det &r viktigt for
provtagaren att kunna se att hen paborjat en uppgift, men
annu inte besvarat den fullstindigt. En frdga markeras som
paborjad (blir gul) om en fraga inte besvaras fullstdndigt,
exempelvis om alla noter inte har fyllts i. En fraga markeras
som avslutad (blir grén) om all forvéntad input har fyllts i.
Vi tittar hér alltsé inte pa huruvida svaret ar korrekt eller ej,
utan bara om provtagaren fyllt i det hen ska eller ej.

8.3.6 Rdttning av prov

En viktig del av digitaliseringen var att implementera au-
tomatisk réttning for att underlitta for ldrarna. Under den
administrativa sidan finns mojligheten att se olika provta-
gares resultat pa prov och dven mdjligheten att rétta fragor
som inte kan réttas automatiskt.

Rittningsalgroritmen dr konstruerad sa att den jamfor det
svaret som provskaparen har lagt in, nir fragan skapades,
med det svaret som eleven angav. Algoritmen fungerar bra pa
de enklare fragorna dér det finns ett tydligt rétt och fel men
pa de lite mer avancerade fragorna ar den inte lika effektiv.
P4 dessa fragor blir det istillet upp till réttaren att gora en
manuell bedomning av det inlimnade svaret.

Sammanfattningsvis sd kommer systemet att underlitta
rattningen genom att réitta de enklare uppgifterna automatiskt
och pa sa sitt frigéra mer tid at att riatta de mer avancerade
uppgifterna.

8.3.7 Konstruktion av prov

Att underlitta for provkonstruktorerna vid provskapande var
en stor och viktig del vid digitaliseringen av antagning-
sprovet. Vi tog darfor beslutet att det var enklast for
provkonstruktorerna att anvédnda sig av ett notprogram som
de redan &r vana vid, i detta fall Sibelius, for att skapa not-
stycket och sedan importera detta till hemsidan. Nér
provkonstruktéren laddat upp notstycket och ska skapa fra-
gor markerar hen takterna fragan skall omfatta. Marker-
ingsvertyget erbjuder i dagsldget ingen hjédlp med att markera
takterna pé ett enhetligt vis utan det ar upp till provskaparen
att placera ut dem pa snyggt 6ver notstycket.

Efter att takterna blivit markerade pa ett Onskvért sitt
trycker provskaparen pa klar for att komma vidare. Provska-
paren kan sedan vilja vilken typ av frdga som takterna ska
innehélla, ladda upp eventuellt ljud och ange frdgans ritta
svar. Nér detta dr fardigt sparas frdgan och provskaparen
mots aterigen av notbladet, fast denna géngen med en mark-



ering for den nyligen skapade fragan. Det &r ocksa mdjligt att
avbryta och dd kommer den pébdrjade fragan inte att sparas.

Slutligen ndr provskaparen har konstruerat tillrackligt
med fragor kan hela provet sparas for att sedan goras till-
géngligt vid onskvért provtillfille.

9 For framtiden

I samband med att systemets funktionalitet allt mer motsvarat
de krav som stéllts har vi sammanstéllt en grund for anvén-
dartester for att i framtiden kunna testa viktiga delar av sys-
temet. Vid kontinuerliga anvéndartester séikerstills darmed
att systemet behéller den funktionalitet som behdvs for att
kunna utfora ett prov. Testscenarion for dessa anvindartester
aterfinns i bilaga A.

Projektet som avslutats med en stark prototyp, full av
funktionalitet har den blivit en bra grund att bygga vidare pa.
Ett forslag ar att antingen ateruppta projektet vid nédsta itera-
tion av kurserna MAMN10 och MAMNI1S5 alternativt gora
ett exjobb av det for att fortsétta forbéttra, implementera och
fardigstélla 16sningen.

10 Diskussion

Vi inség tidigt att den storsta osékerheten i projektet 1ag i den
faktiska implementeringen (speciellt notinmatningen), varpa
vi bestdmde oss att arbeta vidare med en HiFi-implementer-
ing. Detta betyder inte att vi har 1ast den konceptuella respek-
tive grafiska nivan -- utan vi forsatte att iterera detaljer pa
alla designprocessens nivéer. Vart mél var att anvénda input
fran anvéndartester for att bekrifta de designval som ar bra
och eventuellt dndra de som inte fungerar som vi trott. Ett
exempel dr hur vi markerar fragorna pa provet, obesvarade
frdgor ar grdmarkerade med en penna som ikon och besva-
rade fragor &r markerade i gron fairg med en bock som ikon.
Ett problem kan visa sig vara att provtagaren tror att frigan
ar rattad och markerad som “rétt svar” istéllet for enbart
“besvarad”, vilket dr den underliggande tanken. Det &r dven
intressant att se ndrmare pa om gulmarkerade fragor anses
vara paborjade eller om en provtagare har en helt annan bild
av denna aspekt.

Vi valde att utforma strikta anvéndartest for att testa s att
all implementerad funktionalitet fungerade pé ett onskvért
sétt. Detta medfor dock att testpersonerna kan bli véldigt
lasta och eventuella designfel eller andra logiska problem
kanske inte uppticks. Vi dr medvetna om detta men valde
trots allt, i de forsta testerna, att lagga fokus pé att interaktio-
nen och funktionaliteten i systemet skulle fungera sa bra som
mojligt. Ifall mer tid hade funnits hade en logisk uppfdljning
varit att vid nésta testtillfalle anvénda friare anvandtester for
att upptdcka mer av de eventuella problemen.

Vid skapandet av ett prov ldggs stort ansvar pa den lérare
som skapar provet. Det finns inga begransningar kring var pa
musikstycken lararen placerar ut frdgorna eftersom musik-
stycken bestar av en vanlig bild. Detta medfor att lararen
sjilv ansvarar for att provet far en bra helhetsbild. Det &r
ddremot mojligt att lata markeringsverktyget ldsa sig till
pixlar och darmed underlétta for provskaparen att skapa fra-
gor som ligger i bra placering i férhéllande till varandra.
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10.2 Problem och motgdngar

En svérighet i projektet har varit att vi endast har haft kontakt
via e-post med var bestéllare da han befinner sig pa annan ort
(Stockholm). Skriftlig kommunikation &r latt att missforsta
och ger inte heller den direkta aterkoppling som man ibland
hade 6nskat. Vi tror att arbetet hade flutit pa smidigare och
att farre missforstdnd hade alstrats om vi istillet haft moj-
lighet att kommunicera ansikte-mot-ansikte med vér bestal-
lare.

Anvindartesterna har dven de varit svéra att genomfora
av den anledning att testpersonerna, dvs. elever och larare pa
KMH, befinner sig pa annan ort. Detta har inneburit att vi har
fatt formulera testfall som vi skickat via e-post till var bestal-
lare och bett honom att ta rollen som testledare och sétta ihop
en passande testgrupp som kan genomfora de olika testerna.
Vi har ddrmed varit relativt handlingsférlamade vad det
géller anvindartester fran hemmaplan vilket har lett till att
anvéndartester inte hunnit genomforas och vi har ddrmed inte
heller fatt den aterkoppling som vi hade hoppats pa fran an-
vandartester. Men i och med véra testfall har vi har lagt en
grund for anvindartester i framtida studier.

Det moment som tagit mest tid under projektets gang ar
implementeringen av notinmatningen och diskussioner kring
hur denna ska ga till. Det finns ménga olika ténkbara satt hur
man kan implementera detta och for oss som inte har er-
farenhet sen tidigare av notinmatning har detta varit en stor
utmaning. Vi insag redan tidigt att vi inte skulle ha mojlighet
att skriva ett komplett system for notinmatning da det for det
forsta skulle ta alldeles for lang tid att implementera och for
det andra skulle gora granssnittet vildigt komplext och svér-
forstaeligt. Till en borjan valde vi darfor att implementera de
viktigaste delarna for att senare under projektets géng
bestimma vilken funktionalitet som bor ldggas till.

Vi valde att forst bygga notinmatning med fri rytmik och
sedan skala bort den funktionalitet som inte behdvs da fast
rytmik anvénds. Fri rytmik innebér att provtagaren far friare
tyglar och kunskapsmaéssigt blir det mer utmanande for prov-
tagaren. Diaremot uppstar problem med rittning, som vi vill
ska skotas automatiskt. Fast rytmik underléttar med avseende
pa rittning, och dessutom innebdr det att farre funktioner
behéver implementeras i granssnittet. Roll-up-menyn i sitt
nuvarande utférande innehaller darfor knappar som inte be-
hovs 1 fragor med fast rytmik. I de tidigare iterationerna av
notinmatnigen delades inte koden for uppritning och koden
for manipulation av noter upp i separata delar. Det blev dock
ganska stokigt och vi insdg att koden behdvde struktureras i
olika delar.

Sjdlva uppgifterna som ska 16sas med vért system &r att
antagningsprovets provdeltagare ska kunna 16sa (mycket)
avancerade musikteoretiska uppgifter. Konkret betyder det
att det har varit svart for oss som implementerare att veta
exakt hur provet skall konstrueras och vad olika musikaliska
termer betyder eftersom var musikaliska kunskap &r begréan-
sad. Dessutom dr bade inmatning fran keyboard och notrit-
ning ny mark for oss, och har varit véldigt tidskrivande att
sdtta sig in i. Dessa tekniker har ingen av oss behandlat innan
och det finns inte heller ndgon redan existerande produkt att
titta pa eftersom alla intagningsprov till musikhogskolor &r
analoga i Sverige.



Sammanfattningsvis har balansen mellan implementer-
ingsmdjligheter och onskemaél fran bestéllaren varit svar och
vi har stindigt fatt kompromissa och skalat av funktioner for
att landa i en rimlig och realiserbar slutprodukt.

10.3 Arbetsprocess

Under kursens géng har projektgruppen jobbat iterativt och
implementerat funktioner och design for att sedan efter sam-
tal med bestéillaren dndra och komma fram till beslut som
passar projektet. Olika projektroller som projektledare och
utvecklingsansvarig delades ut i borjan av projektet. En 6v-
erenskommelse var att vissa projektmedlemmar skulle byta
projektroller for att skapa dynamik i gruppen. Med ny pro-
jektledare var det mojligt att komma med nya infallsvinklar
da olika projektledare fokuserar pa olika aspekter. Projekt-
gruppen har dven haft sessioner dé projektmedlemmars maél
och lojalitet till projektet synliggjorts, ddrmed har alla i pro-
jektgruppen varit medvetna om varandras engagemang och
forstelsen for hur mycket tid och energi olika projek-
tmedlemmar kunnat ldgga pa projektet har okat.

11 Sammanfattning

Detta projekt har varit mycket omfattande och har utmanat
och utvecklat oss savdl som programmerare och som de-
signers. Bestillaren har under hela projektets gang kommit
med 6nskemal om ny funktionalitet, vilket tillsammans med
implementeringssvarigheter har gjort projektet mer omfat-
tande &n vad vi till en bdrjan kunnat ana. Detta resulterade
bland annat i att vi inte hunnit genomfora anvéndartester,
vilket vi fran bérjan hade raknat med.

Vi ér 6verlag mycket ndjda med projektet och med vad vi
har lyckats dstadkomma. Aven om véra ursprungliga mal inte
uppfylldes tillfullo s& har vi har kommit en god bit pa vig
och har lagt en bra och stark grund for vidare utveckling av
antagningsprovet.
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13 Bilagor

Bilaga A: Testscenarion for anviindartester

Scenario 1 - Oppna och besvara fraga 1

Steg Forvantat resultat Ok (0) Kommentar
Fel (X)
Klicka pa den forsta | Tillhérande fraga (fraga 1)
markerade takten oppnas i en popup
Klicka pa krysset i Popupen stangs och takten for-
hornet blir gra
Klicka pa takten igen | Popupen 6ppnas
Valj ett alternativ Cirkeln markeras
genom att klicka i en
av cirklarna
Klicka pa Spara Popupen stangs och takten blir
gron
Klicka pa takten igen | Popupen 6ppnas och alterna-
tivet som valts ar sparat
Valj ett annat alter- [ Den forsta cirkeln blir omark-
nativ genom att klic- | erad och den nya cirkeln mark-
ka i en av cirklarna eras
Klicka pa Spara Popupen stangs och takten ar
gron
Scenario 2 - Musikspelaren och notinmatning
Steg Forvantat resultat Ok (0) Kommentar
Fel (X)

Klicka pa den femte mark-
erade takten.

Tillhérande fraga (fraga 5) oppnas i
en popup.

Klicka pa play-knappen i
musikspelaren.

Ett musikstycke spelas upp och
reglaget ror sig at hoger samtidigt
som sekunderna tickar. Play-knappen
har bytts ut till en paus-knapp.

Klicka pa volymslidern och
dra det at hoger/vanster.

Volymen hojs/sanks och ljudindika-
torerna forandras
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4 Klicka pa reglaget och dra Musikstycket spolas tillbaka och
det at vanster spelar darifran reglaget slapptes
5 | Klicka pa pausknappen Musiken slutar spela och reglaget
stannar dar det var da knappen
klickades pa. Paus-knappen har bytts
ut till en play-knapp.
6 Klicka pa play-knappen Musiken fortsatter spela fran dar den
var pausad. Reglaget ror sig at hoger.
Play-knappen har bytts ut mot en
paus-knapp.
7 | Fér muspekaren dver slash- | Slashnoterna blir till noter som gar
noterna i inmatningsno- att bestamma tonhdjd pa
traden
8 | Klicka pa noten pa 6nskad | Noten fastnar
plats
9 Klicka pa knappen langst En roll-up-meny dyker upp
till vanster i verktygsfaltet
(attondelsnoterna)
10 | valj ett fortecken genom Fortecknet laggs till vid den nyligen
att klicka pa det inmatade noten och roll-up-menyn
forsvinner
11 | Klicka pa redigeringsknap- Knappen markeras
pen i verktygsfaltet (pen-
nan)
12 | Klicka pa den inmatade Noten och fortecknet ror sig i ver-
noten och dra den i ver- tikalt led
tikalt led
13 | Slapp musen Noten har fatt en ny tonhéjd
14 | Klicka pa knappen langst En roll-up-meny dyker upp
till vanster i verktygsfaltet
(attondelsnoterna)
15 | Klicka pa aterstallning- Korsfértecknet vid noten forsvinner
stecknet
16 | Klicka pa raderaknappen i Noten raderas

verktygsfaltet (suddgum-
mit)
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17 | Klicka pa angraknappen i Noten kommer tillbaka
verktygsfaltet (cirkelpilen
som gar moturs)
18 | Klicka pa “gér om”-knap- Noten raderas igen
pen i verktygsfaltet
(cirkelpilen som gar
medurs)
19 | Mata in en not genom att Slashnoten byts ut mot en fjardedel-
klicka pa en slashnot i no- snot
traden
20 | Hall muspekaren dver Ett nothuvud dyker upp pa noten
noten
21 | For musen i vertikalt led Nothuvudet foljer muspekaren
22 | Klicka pa nothuvudet Nothuvudet laggs till pa den redan
existerande noten och ett nytt
nothuvud dyker upp
23 | Flytta muspekaren fran En not med tva toner ar inmatad
taktraden
24 | Mata in en not pa nasta Noten har inmatats dar slashnoten
slashnot genom att klicka var
pa den
25 | Klicka pa tém-knappen i Bada de inmatade noterna raderas
verktygsfaltet (papperskor-
gen)
26 | Klicka pa angra-knappen i Noterna aterskapas
verktygsfaltet
27 | Klicka pa Spara Pop-upen stangs och takten markeras
gul
28 | Klicka pa takten igen Fragan oppnas i en popup och de tva
noterna ar kvar
29 | Fylli resten av noterna Slashnoterna ersatts av fjardedel-
genom att klicka pa slash- snoter
noterna
30 | Klicka pa Spara Popupen stangs och takten markeras

som gron
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Scenario 3 - Ackordinmatning

Steg Forvantat resultat Ok (O) Kommentar
Fel (X)

1 Klicka pa den sista Tillhdrande fraga (fraga 9)
markerade takten oppnas i en popup

2 Valj grundton i takt Den valda tonen visas i listan
51 i den vanstra drop | och i textfaltet
down-listan

3 valj fargning i takt Ackordets namn skrivs ut i
51 i den hogra drop textfaltet nedanfor drop down-
down-listan listorna

4 Ange grundton for Forslag pa olika ackord kom-
takt 52 genom att mer visas i en drop down-lista
skriva in tonens
namn i textfaltet.

5 valj fargning i drop Ackordets namn skrivs ut i
down-listan som dyk- | textfaltet
er upp vid textfaltet

6 Ange ackord for takt | En lista med mojligt/-a ackord
53 genom att skriva dyker upp vid textfaltet
in ackordets namn i
textfaltet

7 Valj ackord i drop Ackordnamnet kommer att
down-listan visas i textfaltet

8 Valj pa valfritt satt Ackordets namn visas i textfal-
ackord for takt 54 tet

9 Klicka pa klar Popupen stangs och takten ar

gron

10 Lamna in provet En varningsruta med texten “Ar
genom att trycka pa | du saker pa att du vill lamna in
“Lamna in prov” provet? (Lamna in prov/
langst ner till hoger i | Avbryt)”
verktygsfaltet

11 Tryck pa knappen Pop up-rutan forsvinner och
“Avbryt” i pop up- oversiktssidan visas igen.
rutan

12 Lamna in provet En varningsruta med texten “Ar
genom att trycka pa | du saker pa att du vill lamna in
“Lamna in prov” provet? (Lamna in prov/
langst ner till hoger i | Avbryt)”
verktygsfaltet

13 Tryck pa knappen Provet lamnas in och utloggn-

“Lamna in prov” i
pop up-rutan

ingssidan visas
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— an implemented cognitive model of social attention
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The aim of the project is to first study, and gather data on,
individuals' visual attention and resulting behavior in a
group setting, and to use that data to create a cognitive
model ready for export into the Ikaros open-source
environment for controlling a robot arm (the agent). The
ultimate goal of the project is to have the agent represent the
attention of a human in a group setting by moving its head
towards salient features of its surroundings, in the same
natural way that a human would. Given the focus on social
cognition, the most important features of its environment are
the (heads of the) people in the agent's view and the direction
of their gaze. The cognitive model is based on the affordance
competition hypothesis and features action plans that
compete for execution at any given moment. The weight
given to each action plan depends on the current
environment (what others are doing) and the data from our
study. In this report, the study is presented and the cognitive
model, its implementation and the underlying theories from

cognitive science are described.

1 Introduction

Our original goal was to study the workings of human
attention in the presence of other people. That is, where do
we look when in the company of others? What draws our
attention and what is the relation between our attention and
that of the other group members? A substantial part of the
project was to also demonstrate our findings by
programming a robot arm (henceforth referred to as the agent
or the robot) to move in accordance with the attention of a
human in a group situation. To do this, we created a
cognitive framework as a basis for a tailor-made Al.

We were given the freedom to allot our efforts and time
between these two parts of the project, and as it turned out
we put a majority of our efforts into the latter part. Of course,
without data to support our choices in the implementation,
producing a natural and convincing behavior on the part of
the agent would be a challenge indeed. Attempts to find
supplemental data in the literature yielded little in terms of
human behavior data of the sort that would fit our aims. Our
approach early on was therefore to get started with the

software framework for the agent's movement and cognition

while also conducting a simple study, the details of which are
described later in this report.

One of the main goals of present-day robotics is to bring
a social dimension to our fellow humanoids (Balkenius,
2014). For robots to be a natural part of our everyday life —
be it at home, in the workplace or in other human-centered
environments such as health care — they must to some extent
behave naturally, i.e. human-like. An early example of a
social robot is the Kismet robot developed by Dr. Cynthia
Breazeal at MIT in the late 1990s. The robot supports visual,
audial and proprioceptive sensory input and transforms this
into an output in form of a facial expression, a sound or a
movement (MIT, 1998), together these features make it
possible for Kismet to impersonate human behavior. Even
though this robot was created in 1998 the area of research is
still of importance. Newer projects such as Ikaros, which this
project is a part of, use a similar way of thinking.

It is important to understand the intentions of the robot
and to be able to predict its behavior in the same way that we
can predict the behavior of humans (Leite, et.al., 2012). In
our project we work under the assumption that being able to
see and follow the attention of the robot is of considerable
importance to achieve this aim. It is also important to make
humans feel acknowledged by the agent before any real
interaction can be established. There needs to be a simple
way for a human to get the agent’s attention. Humans usually
do this by simply looking at someone. This prompts the other
person to initiate eye contact. We will return to the
implementation of these features, and data supporting these
assumptions, in the Attention section of the paper.

Although human-like behavior is the result of myriads of
such aspects, creating a module with a stand-alone cognitive
model for attention is a contribution to the overall robotics
project since it can readily be hooked up to a larger
framework with rather simple means. So, what do we mean
by “module” and "framework” in this context? This is where
the second motivation behind our efforts comes in.

Our work is part of the Ikaros project, which was
established in 2001 by Lund University Cognitive Science
with the purpose to develop a platform for modeling the
human brain and its functions (Ikaros-project, 2001). The



project is open sourced and any contributions that provide
new or better functionality is added to the standard library.
The system-level approach means that a complete ”brain”
consisting of these modules would not be a replica of a
human brain, but rather an emulation of its functions
(Balkenius, 2010). Since work on implementations of this
kind requires extensive knowledge of human brain functions
on the one hand, and yields new insights about human
cognition and relations between brain functions on the other,
the interplay between robotics and cognitive science more
generally is one of positive feedback (Brooks et.al., 1999).
The main sections of this paper cover distinct cognitive
aspects of the agent: perception, attention and
action/cognitive control. Each of these cognitive aspects has
their own section where they are defined in a theoretical part
and a practical part. The theoretical part consists of cognitive
terms that were applicable for that specific cognitive aspect
and why they are of relevance. Then in the practical part we
describe how we actually implemented them, and what kind

of generalizations that have been made.

2 Prerequisites

In the next sections of this report we will explain our
cognitive model and its implementation. This will generally
be done on a functional level. To fully understand our
reasoning it is pertinent to know a little bit about the
prerequisites and limitations of the hardware and software
used.

Our robot consists of three servos (Dynamixel AX-12+)
mounted atop each other to create a robot arm with three
degrees of freedom. The bottommost servo is installed so as
to give horizontal movement in 360 degrees while the other
two are mounted to give vertical movement. However, it is
not possible to allow for full 360-degree motion as this
would cause the cables to wind around the arm and
potentially disengage the connections. This limits all the
servos to about 330 degrees of movement, thereby essentially
designating a “front” of the agent where the “back” is
inaccessible (the servos cannot move here).

To enable sensory input we employ a Microsoft Kinect
(model 1414). The Kinect provides ordinary 2D visual input
as well as a 3D representation of what it sees, as explained in
the next chapter.

On the software side we’ve used a UNIX-system (Mac
OS X) to code for, and run, the Ikaros program. All the code
is written in C++ or C and can be found here:

https://github.com/MechaCorp/ikaros/tree/refactor/poid

3 Perception

Since our agent is limited to visual input, its cognitive model
must make the most of the available visual information and

extrapolate from it whenever possible (e.g. draw conclusions

about who’s talking based on information about what others
are looking at). For our purposes the agent needs to know
where people are and where they are looking.

Our implementation makes use of the 3D-input from the
Kinect and puts it through a set of modules which interprets
the information and delivers it to modules that determine
which set of actions are possible based on the visual input.

Going into the setup and the actual hardware of the
Kinect we can scale it down to two main features that are
important to our project, the infrared-projector and the
infrared-camera. The retrieval of the depth data starts with
the infrared projector which projects “speckle patterns”. The
infrared camera perceives the speckled area and estimates
where all the speckles are located. Since all speckle patterns
are unique, like fingerprints, the two components can
identify and pair their measures. Then it is just a matter of
triangulating in order to estimate the distance from the
Kinect to a certain speckle pattern area.

To find out where people are looking we use a head
tracking algorithm which uses decision trees to find heads.
These decision trees can take in some intricate data, in this
case depth data from a Kinect-camera and then split it up to
more manageable data.

The process starts with using a few reference images that
works as a foundation for training the algorithm in its
decision making (Fanelli, et.al., 2012). In each reference-
image the goal position is marked, in this case the nose. The
next step consists of choosing random sub-areas or so called
patches in each individual image. Since the nose-position is
known and by using enough training data the decision tree
“learns” how to interpret the patches and the depth data
which they consist of and most important where every patch
is located in relation to the nose.

Based on this information, the algorithm creates binary
tests that are used in the trees to come to as accurate
conclusions about future images as possible. The structure of
a tree is built around two concepts; an element is either a
non-leaf node or a leaf node. The difference is that the non-
leaf nodes contain the previously mentioned binary test and
are responsible for guiding the collected data to a good
estimation. The leaf nodes are end nodes of every branch.
When these preparatory assignments are completed the
algorithm is ready to be used.

This algorithm is a typical example of an artificial neural
network using random forests (Fanelli, et.al., 2012) which
essentially entails that it learns what to do by some sort of
training-process. Generally during cognitive development a
person constantly encounter faces which correlates to the
training part in the algorithm. We learn how to interpret and
distinguish the characteristics of a face and by this a type of
expertise in facial-recognition is obtained (Gauthier, et.al.,
1999).



Once the algorithm is applied to the images the
information gained concerns both how many faces that are
located in the image but also where they are located which
was essential to achieve a solid foundation. These two types
of functionality can be mapped to two main streams in an
actual human brain.

The first one, known as the ventral stream, is in charge of
identifying the type of object (the “what?”-stream) within
visual vicinity, which the implementation somewhat imitates.
A specific part of the ventral stream, which was of particular
interest in this project, was the fusiform face area (the FFA).
This area in the brain provides the functionality necessary for
facial recognition, however it has been subject to a vast
amount of discussions concerning if this area solely is
responsible for facial-recognition or if it also can provide a
functionality of recognizing objects of a type which a
specific person is quite acquainted with, e.g. cars (Gauthier,
et.al.,1999). Perhaps it is an “expert” area, and its fondness
for faces is the result of social beings such as humans being
“experts” at faces. No direct conclusions have been made
concerning this area, but we can assume that this area is, at
least, responsible for the facial-recognition in the human
brain. So in conclusion, parts of the functionality, which the
random forest algorithm contributes with, can be compared
to the FFA in a biological brain.

The second stream is the dorsal stream, which estimates a
position of an object (the “where?”’-stream) and this is also
information which the Random Forest-algorithm indirectly
can retrieve. In reality, the dorsal stream transforms the
image-input to a spatial map, which organizes the visual
environment, and thereby creating positions for all relevant
objects in relation to one another. According to some
researchers, the dorsal stream might also be a “how?”’-stream
in the sense that its ultimate functionality is to guide visual
motor control (Goodale & Milner, 1992).

To sum up, our agent is capable of recognizing heads;
track their position in three dimensions; and to determine
their pose. Its world, then, mainly consists of vectors
terminating at the position of each visible head on one end
and at the edge of its visual field on the other (or in some
cases — e.g. when a person is looking at the robot — at the
Kinect). It can of course “see” any other object, but for our
purposes only heads (and objects close enough to “frighten”
the agent) are salient.

4 Attention

At the heart of our cognitive model is the agent's ability to
shift its attention towards the features of its environment in a
way similar to that of a human. In accordance with our goal,
such features consist mainly of the people (and their
behavior) in the agent's view. What or whom are they
looking at? It does, however, also take into account the

bottom-up feature proximity, which is used to avoid objects
that are too close. Bottom-up means attention-pulling (as
opposed to top-down, pushing) features (Henderson, 2007).
There are many such features we could have taken into
account (contrast, bright colors, geometric shapes etc.) had
we had the time, but we settled for sudden, large movements
in the agent's proximity.

Given the relative simplicity of our cognitive model, the
interplay between input, our modules and the environment is
straightforward. It is perhaps even misleading to talk about
the agent's attention since our goal is to model human
attention and so the agent is in a sense a representation of
attention. The agent doesn't pay attention, it embodies it. The
agent's attention is the result of its awareness of a series of
predetermined types of affordances in its environment
(Gibson, 1979; Norman, 1999) That is, potential, competing
action plans which are categorized and prioritized by our
cognitive model and its constituent modules. In each moment
one of these plans will be the preferred one and as such will
be carried out until completed or aborted in favor of another,
"stronger" plan or the onset of idle behavior. This also
reflects what Paul Cisek (2007) calls the affordance
Cisek,

neurophysiological data suggests that this kind of decision

competition hypothesis. According to
making is parallel and not serial as traditionally believed.
The agent does not need to construct representations and plan
ahead, but rather has all the action plans already available
and merely compete for execution.

In our agent, the carrying out of a model is a
representation of the agent's overt attention. Human attention
and its tie to action plans and ultimate action are of course
far more complex, but there are examples even less complex
than our agent in nature. Consider Uexkull's tick:

"...this eyeless animal finds the way to her watchpoint [at
the top of a tall blade of grass] with the help of only its skin’s
general sensitivity to light. The approach of her prey
becomes apparent to this blind and deaf bandit only through
her sense of smell. The odor of butyric acid, which emanates
from the sebaceous follicles of all mammals, works on the
tick as a signal that causes her to abandon her post (on top
of the blade of grass/bush) and fall blindly downward toward
her prey.” (Uexkiill, 1957)

A digital version such a simple attention system can be
found in Agre & Chapman’s (1992) computer game playing
program Pengi. It uses indexical-functional aspects of its
local environment to guide its behavior from moment to
That is,
symbolically and labeling it, the program only notes its

moment. instead of representing an object
relevant features, e.g. “the-block-next-to-me”. In the same
way, our agent attends to “the-head-at-the-intersection-of-
this
identification is made, our system can label that head to keep

two-or-more-gaze-vectors”.  Of  course, once



track of it until its no longer visible, but this is not a
necessity for a functioning attention system. Instead of
representing its entire Umwelt, it keeps track of what is of
importance in the here and now creating the agent’s
Merkwelt (Uexkiill, 1957). It has only a few rules to follow,
and they are only adhered to when the situation allows or
requires it.

As it turns out, a lot can be accomplished in terms of
function with the simplest of mechanics. The trick is, for our
purposes, to strike a balance between complexity and
(apparent) function. Efforts to emulate human behavior are
subject to diminishing returns and a good approximation can
go along way. This is especially true when the agent looks
nothing like a human and as such stays clear of the uncanny
valley effect (Masahiro, 1970).

S The study

Before going into the details of our solutions, it is useful to
present the study we conducted. Since the behavior of the
robot arm is to be modeled on human behavior and attention,
a study of this kind was needed for head movement and
observer behavior data. One of the participants (henceforth
referred to as 'the observer') unknowingly had the role of the
agent whereas the others represented people with whom the
agent interacts. The behavior of the observer would be the

basis for the behavior of our agent.

The goal of the study

The overall goal of the study, then, was to gain a better
understanding of how a person encountering a group of

people behaves. Questions to be answered include

* What are the factors that contribute to the shifting
attention of the observer and how often do these factors
cause a response?

*  What are the standard durations of observer focus, e.g.
how long until eye contact is broken?

e To what extent does the observer exhibit idle behavior,

“detached” from the situation?

To answer these questions, a simple experiment was carried
out where one participant was the observer (the same role as
the robot will have) and three others were the observed.

Participants

Twelve participants (nine women) were recruited for the
experiment. All were students from the LUX center for
humanities and theology. Age data was not collected.
Participants did not receive payment or reward for their
participation.

Material

One laptop and one tablet was used to record the group from
different angles. The laptop was placed on the table in front
of the observer with its screen blacked out during recording
so as to not create distraction. The tablet was placed in the
corner of the room to catch an overview of the room and the

participants.

Procedure

The experiment was carried out with one group of four at a
time. One of the participants in each group was asked to
come into the room first and have a seat. This was done
under the pretense that we had not brought enough consent
forms for all of them to read before entering. Once the first
participant (the observer) was seated (recording was started
at this time) and they had all read the consent forms, the
other participants were asked to enter the room and sit down.
They were then given a simple instruction: to discuss the
LUX building, which was a new addition to the campus at
the time, and to agree on the best and the worst thing about
it. The experimenter then left the room and the group was
left to their discussion. After three minutes, the experimenter
entered the room again, announcing the end of the discussion

and revealing the actual purpose of the experiment.

Analysis

The analysis of the recorded data was done using the ELAN
video annotation software with tiers for several types of
behavior. This was done in two stages: first the videos were
studied with the goal of identifying the observer's behaviors
relevant to us (see the compiled list below). With this list of
behaviors as tiers in the ELAN annotation system, the videos
were watched again and all occurrences and durations of
those behaviors were noted. Statistics was collected for
number (per minute), minimum-, maximum-, and average
duration (in seconds) of:

* The observer looking at the one currently speaking.

* The observer looking at someone other than the one
speaking (for no apparent reason).

* The observer looking at someone other than the one
speaking (reacting to conversational support such as a
nod or an “mhm”).

*  The observer exhibiting idle behavior.

* The observer reacting to a sound or event (e.g. the door
opening).

* The observer looking at what someone else is pointing
at.

* The observer looking at someone entering the room
(first glance).



Taking into account the fact that the agent will not be doing
any talking—whereas our observer was not asked not to
talk—meant that we did not record behavior data for the
sections where the observer was talking. We also collected
data for durations of behavior leading up to idle behavior. An
example of this would be the observer attending someone
who was talking and then averting attention (for no apparent
reason) even though the person was still talking. Lastly, we
attempted to establish to what extent stimuli such as 5, 6 and
7 in the list would shift the observer's attention. More on this

in the discussion at the end of this section.

Results

Statistical analysis of the ELAN data showed that, as
suspected, the majority of the observer’s attention was
focused towards the person talking (52.5%). See table 1 for
the complete results. The average duration of attention before
onset of idle behavior was found to be 5.43 s (SD = 1.76 5)

on average.

Table 1. Result of the analysis

. No. of Min. Max. Avg.
Annotation
¢ occurrences duration duration duration
e
P per minute (s) (s) (s)
1 12 0.6 11.1 35
2 4.7 04 2.3 1.0
4 5.1 04 4.5 1.9
Discussion

Given the overwhelming majority of the observer’s attention
being put towards the person speaking, it would make sense
to make this the default behavior of the robot (whenever
someone is, in fact, speaking). The other behaviors observed
in the study could then be seen as exceptions, some with
concrete causes, such as another person performing a non-
utterance as conversational support (“mhm”, “yeah...”);
some without any apparent cause, such as idle behavior or
the apparently random switching of attention towards another
person who is not talking. If no one is currently speaking,
idle behavior or looking at a random person are likely
candidates for default behavior. Details on how we chose to
use this data in our cognitive model to follow.

In the case of 5, 6 and 7 in the list, it isn't very useful to
talk in terms of occurrences per minute, since those
behaviors are very much contingent on something triggering
the behavior, that is bottom-up saliency. What is interesting
is to see how often such events do in fact trigger the behavior
in question. Collecting this data proved very difficult,

however, since two cameras were not enough to cover the

entire room and all the participants from every required
angle. Our best estimate from examining the videos is that
every time someone new entered the room, the observer
turned to look at them. We also found that every “event”,
like the beep from the door's keypad, drew the attention of
the observer. These last data points being somewhat
unreliable, we decided to program the agent to attend such
events every time they happen. For our purposes this seems a
reasonable approximation.

Conclusions

The decisions we made based on this data are as follows
(numbered according to the list of behaviors from the
analysis):

1. If someone is talking (i.e. if someone is the focus of
the others in the group), then the default behavior of the
agent is to look at the person who is talking. Given the data,
this is an obvious choice.

2. The observer's decision to look at someone other than
the person who's currently talking appears to either be caused
by conversational support expressed by someone else (e.g.
nodding or agreeing verbally) or some seemingly random
internal trigger. For our purposes, and with our limited
hardware (e.g. no audio recognition), implementing this as a
function for randomizing whom to look at makes sense. That
is, if there are no other attractors of higher salience, such as
someone talking, an event or a new person entering the
room, randomly scanning the group members will be the
default behavior.

3. Reacting to conversational support from others than
the one currently talking proves nearly impossible since there
is no audio support in our system. This behavior was not
implemented.

4. Idle behavior. There are several ways this could be
implemented, e.g. completely random, with increasing
probability of activation. We settled on a “boredom” solution
that is reflected in our data. If the same action plan has been
executed for a given amount of time (this interval may be
randomized within the variance of the data) then the agent
will become bored and start looking elsewhere.

5. We concluded that reacting to a sound or an event
should be of such high priority that it is triggered every time
an event occurs. Since there is no audio recognition in our
agent, joint attention based on the head poses of other
persons will be used. The higher the number of people who
look at something, the faster the motivation to do the same
(look at the same point in space) will increase. It will appear
as if the agent is curious about what others find so
interesting.

6. Someone pointing only occurred once in our study, so
there is no way to draw any conclusions from the data.
Furthermore, we did not prioritize the implementation of a



pointing detector (partly because we did not expect pointing
to be a common occurrence) and ended up not including it.

7. As stated above, to the best of our knowledge, every
time a new person entered the room the observer at least
glanced at that person. We decided to have our agent always
turn to a new person. For our purposes approximations such
as this produce quite natural behavior with simple means.

Our study and subsequent evaluation resulted in several
modules or behavior action plans. These will be covered

next.

6 Implementation (attention)

Meet gaze / eye contact

The meet gaze module uses the fact that the angles for head
pose tracking provided by our algorithm originates from the
center point of the Kinect, meaning that yaw, pitch and roll
are all 0.0 when staring directly into the device. The closer to
looking at the agent (i.e. straight into the Kinect), the higher
the action plan strength gets. Our current implementation
lacks a temporal dimension (except for some smoothing
applied to all strength values). One obvious way to handle
this would be to let the strength be low until a time threshold
is reached whereupon the strength would rise until reaching
its maximum value of 1.0. After this, some form of
habituation could be implemented whence the strength would
start to decline again even though the same person is still

staring at the robot.

Joint attention

Our agent does not have a sense of the room it is in, it has no
object permanence or even object recognition. It only knows
about the people (or heads, rather) that are in front of it. This
makes it rather hard for it to attend objects or surfaces in the
room, let alone things that are outside the limits of its visual
perception.

Since we have limited our scenario to just three people in
front of the robot there are never that many objects to attend
to, so we decided to focus on situations where the joint
attention of the group is explicit. Currently this module
responds to people looking upwards (presumably at the
ceiling) or downwards (at the table in front of them). By
checking how many people are looking upwards (a pitch
higher than 20 degrees from looking straight at the robot) or
downwards we calculate the action plan strength using an
algorithm that simply multiplies the amount of people
looking a certain direction with a factor that differs between
the ceiling and table. This means that the strength increases
faster the more people that are looking the same way. We
originally created the algorithm used to accomplish this to be
a general purpose joint-attention algorithm, that is, capable
of making the agent look at whatever others are looking at,

but as it turns out this only made things too complicated

given the fact that its field of vision is restricted. Apart from
the people in front of it and the space above and below them,
there was little for the agent to attend to. If our perceptual
system (including its hardware) could be improved to include
the whole room and a greater depth, the algorithm could in
principle again be generalized. Alternatively, a coordinate-
based representation of the room could be used.

Person of Interest

Without being able to track sound location it is very hard to
know which person is talking. By using head tracking data
we can approximate this by assuming that the other people
will turn towards this person while listening. However, most
of this movement is accounted for by moving ones eyes
instead of the entire head. To compensate for this we can,
again, take advantage of our limited use case of three persons
in front of the robot by simply assuming that if two people
are looking the same way they are looking at the third person
(if they are not looking away that is). This allows us to use
rather small head movements to detect when someone is

talking.

7 Action / Cognitive control

The path from the agent's forming a goal and its performing
the appropriate action very much reflects the motor pathway
in the human brain. In a given situation, the visual input
presents the agent with the affordances of its environment
and activates the corresponding action plans. The choice of
which of them to act upon is then made in our attention
modules and an instruction (goal position in degrees of
separation from the current position) is sent to the servos. In
a human brain, this is obviously very complex, but the
principle is the same. Action goals are generated in the
association cortex and signals propagate to the
supplementary motor cortex and the basal ganglia where
movement selection and switching between actions,
respectively, is carried out. The signals also reach the lateral
cerebellum where movement patterns are prepared. The path
goes through the intermediate cerebellum where the
movement patterns are corrected and implemented and
finally to the motor cortex which initiates the actual
movement of the muscles (Gazziniga, 2014; Ward 2006).

The servos have different parameters that can be
manipulated to create the desirable movement. Throughout
the project, two parameters have been of interest. These are
the speed and torque parameters. Tuning these two, and
combining them with an algorithm that imitates a critically
damped spring, achieved a satisfyingly smooth and organic
movement.

The combination of the servos and the modeling of the
brain in the actual code are comparable to the concept of

proprioception in an actual human body. In the human body



some nerves cells are assigned to observe and notify the
brain regarding the whereabouts of a certain limb. The direct
link to this project is that the servos send back information
about their current location and the code (our cognitive
model) takes in that information and can by this adjust the
position of a limb in a satisfying manner. In a normal human
being this is only half the truth, in the human mind the
proprioception is combined with the location of an object
based on the perceptual input. The perceptual and the
proprioception are then weighed together and combine to an
estimation of a limbs position, this is known as the sensory-
motor transformation (Ward, 154). For our purposes,
retrieving the information from the servos has sufficed, so
there is no need for visual feedback of the robot arm’s
position.

Normally as a human being moves their head this
changes the field of view, nonetheless since the robot’s field
of view in this project is predefined to a constant area this
gives a more concrete explanation to why the Kinect was not
placed on top of the robot. In this context it is more accurate
to say that the head movement is restricted by the field of
view as opposed to reality where the head restricts the field
of view. So to summarize this from a functionality
perspective, the system is constructed around external
stimuli, in this case from the Kinect, which is then converted
to a possible action that may or may not be perform by the
system.

8 Implementation (action)

Our cognitive model has several “action plan” modules.
These modules run in parallel and respond to external stimuli
(in most cases head movement data). Every module is
sensitive to one type of action (as previously listed in the
attention implementation chapter) and outputs a plan
(coordinates for the servos to move to) and a plan strength (a
float between 0.0 and 1.0) representing the strength (sort of
like saliency leading to motivation) of the action plan. This is
analogous to how the human brain reacts to affordances:
"The brain uses the constant stream of sensory information
arriving from the environment through sensorimotor
feedback loops to continuously specify and update potential
actions and how to carry them out. That's the affordance
part” (Gazzaniga, 2014, p. 347).

The action plans are then sent to a main module (simply
called “Brain” in our code) which chooses which plan to
execute based on their strengths and the order which they are
specified in the .ikc-file. The action plan strengths are also
smoothed using a simple boxcar-smoothing algorithm in
order to make the system less jittery. The brain module also
handles idle-behavior by running a scripted action plan when
another action plan has been executed for a long time (based

on data from the study).

While an action plan is executed the coordinates are
continuously sent through the movement smoothing module
and finally to the servos. This creates a smooth movement in
the agent as well as easing the transition between action
plans when the agent changes behavior. This means that we
never have to send “end” coordinates (to where the servos
will be positioned at the end of a movement) to the servos,
instead we continually update the current position of the
servos throughout the entire movement. This allows the
agent to dynamically switch between action plans without
stuttering or having to finish movements.

Our agent has no hierarchical representation of these
sequences; all actions are represented on the same basic level
of movement instructions. This means that it neither uses
world coordinates, nor (as previously mentioned) the object
location to navigate. Although we use afferent signals from
the servos to find out how they are currently positioned, if
one were to disable this feedback, the agent would be unable
to complete the action. This is in contrast with how humans
do it (Gazzaniga, 2014) and it would probably be preferable
to use some kind of coordinate system instead to avoid these
potential issues.

9 Discussion

Ultimately, the goal of this project was to make the agent
appear engaged and attentive. The question is: did we
succeed? Well, the agent looks nothing like a human, in fact
even its human features (head, eyes, mouth) are based on a
fictional robot (Bender from Futurama). But even a fictional,
cartoon character can appear human-like, so to a large extent
it comes down to the agent’s movement rather than looks.
So, the question becomes, is the movement convincing? We
will get back to this in the concluding remarks below, but
first we will suggest a few potential improvements that we

have considered but not had time to implement.

Beyond our project: suggestions for next year's project

One limitation that we encountered was the Kinect and its
flaws and weaknesses. Its narrow field of view restricted the
area in the room where people could be seen and ultimately
limited group size to three people. Furthermore, there was
not enough room for them to move around so we ended up
having them sit at the table, facing the Kinect. A possible
improvement would be to use multiple Kinects and correlate
their information to create a greater Merkwelt. Of course, this
alternate solution would present problems too since the
synchronization-process would be quite demanding, but it
would make the system more flexible in terms of the amount
of people who could join the conversation. Another solution,
as previously mentioned, might be to place the Kinect on top
of the servo constellation. This would make all world

coordinates relative to where the agent is looking at and thus



create a more “embodied” agent by merging perception to
motor action.

Our implementation of the PersonOfinterest-module does
not work properly when only two persons are detected. Since
they probably will be looking at each other it is impossible to
tell who is doing the talking.

The current solution uses the known location of the
servos in terms of degrees and if a change is desired new
goal-destinations expressed in angles will be sent. However
it is probably more desirable to use coordinates, meaning that
a coordinate system is created around the robot and by this
you would send coordinates instead of angles to adjust the
robots position. This is actually something that is being
worked on by another Ikaros-project and by the end of this
project a satisfactory solution was achieved in that project
but not incorporated into our model due to time constraints.

The Joint-attention-module’s implementation could
perhaps be improved using a statistical approach, possibly
using the standard deviation of all the observed individuals’
visual focus. If the focuses of the observed individuals have a
strong correlation, the standard deviation would be low and
this would increase the strength parameter in the Joint-
attention module.

Another candidate for implementation is what is called
displacement activities. A displacement activity can arise
when the brain encounters multiple potential actions to
perform where it is incapable of selecting the accurate action
at that time (Sevenster, 1961). When this occurs it is not
uncommon that a random behavior emerges and is performed
instead. A typical example of how this is displayed is when a
person scratches their head when facing a dilemma where
decision-making is required. As mentioned earlier, our agent
works with the strength of different action plans; some rise
and decay much faster than others. Ideally to create authentic
behavior, including on the theory of displacement activities,
the agent should perform a random lower prioritized
behavior if it encounters multiple concrete actions with
similar action plan strength. Given our time constraints
however, it was decided that the randomized behaviors
already implemented (idle behavior and scanning the group
of people) lended enough realism.

Currently, the Kinect’s field of view is divided into circle
sectors where the agent detects one face per sector. If a
person would leave its designated sector and a new person
enters that particular sector, our model interprets them both
as the same person. In that sense, the agent cannot discern
different useful if the

implementation could remember the characteristics of a

faces. It would be more
unique face to achieve more human-like behavior. The idea
of sectors is a quite rigid solution, which requires little

movement of the observed individuals. So identifying every

unique individual and being able to separate them from one
another would be preferable for further development.

The 3D-tracker for head movement is a good start in
terms of interpreting an individual's focus, but one thing that
should also be taken into account is the eye-movement. An
ideal solution would be to combine the head tracking with
eye-direction. A small movement of the eyes may not seem
like that big of a deal but it can in fact change the conditions
considerably. Another improvement would be to train the
Random Forest neural network on a longer distance than one
meter (which is the current distance) and to also train it on
tougher angles i.e. when an individual is directed +90
degrees from the Kinect’s zero-angle.

As we neared the completion of our cognitive model, the
behavior data from the study became more important. We
had also realized a few of the study's shortcomings. Our
finished agent does not have the ability to react to movement
in its field of view. This behavior was not taken into account
in our study, and so the only bottom-up attention feature is
the proximity response module.

Concluding remarks

In all honesty, spending a minute interacting with our agent
will reveal flaws that break the illusion rather abruptly. There
are some bugs, or rather: quirks and eccentricities to work
out. There will, however, also be moments where the illusion
is striking. During trials, we have had some great moments
where the agent appears to really have an inner life of its
own. Sadly, we did not have time to conduct a study on the
subjective experience of interacting with the agent. All we
have to go on are our own assessments and those of our
supervisors and of those who attended the presentation of our

project. Most of the feedback has been positive.
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Natural looking, goal directed movements are important for
humans to interpret intentions and goals in robots. We
studied the kinematics of four reaching type movements:
push, pull, point and shove, and used recorded data to
reproduce these movements in a robot arm. We developed a
framework for recording and editing robot control
parameters by the use of timelines with visual key points,
connected by interpolation functions. This allows visual
inspection and control of an arbitrary number of robot
servos, as well as other time dependent parameters.

1 Introduction

As robots go from the factory floor to the living room, they
also go from being inside cages to interacting closely with
humans. For humans to be able to understand what a robot is
doing, and to predict how it will move, the robot must move
in human like ways. Human movement provides information
about such variables as priority, mood and intentions (Pollick
et al.,, 2001). Though we specifically aim for human-like
motion in this work, the motion profiles we seek would also
apply to any kind of motion involving joints and muscles.

According to Gielniak et al. (2013), it is easier for
humans to collaborate with robots if the robots display
human-like motion. One of the main effects is that
predictions of the robots' goals becomes easier. Those
predictions can then be used to assist the robot, or to simply
get out of the way.

Examples of contexts where such robots might be useful
are ones related to health, like hospitals or homes for the
elderly, but also smaller factories, or the home. Associated
tasks could be assistance during surgery; assisting patients
with eating or using the toilet; and generally bringing,
moving, or holding items. Using tools will also be desirable,
though a robust implementation of this still appears a way
off.

We have chosen to look at some movements that we
judged both representative of natural movement in general
and arm movement in particular. They are pointing, pushing,
pulling and shoving. We also deemed these movements as
useful for a robot to do in a human social context.

This report is structured into seven sections. In the first,
background on human motion is presented, as well as a
survey of previous work on producing human-like movement
in robots. The second gives a short explanation of the
employed hardware and software. The third is a section on an
experiment we carried out, to gather data about
characteristics of the particular movements we chose to
consider. The fourth has details of the various control
strategies we tested, and where this data is employed. In the
fifth, we discuss problems and limitations of the strategies. In
the sixth, we present suggestions for how our work can be
extended. The seventh concludes the report.

2 Background

Characteristics of human motion

The study of natural movements are important to be able to
replicate it, and production of general human like movement
in robots is still unsolved. We concentrate here on the upper
limbs and reaching motions, rather than the lower limbs and
gait.

In humans, hand movements from one point to another
are essentially straight, and the associated velocity displays a
bell-like shape (Atkeson & Hollerbach, 1985). These linear
trajectories imply movement planning at the hand or object
level. The velocity curve can be decomposed into a coarse
movement that brings the hand close to the target, and a finer
movement at the end. Atkeson & Hollerback also found that
"peak velocity and acceleration varied linearly with
movement distance, which implies a velocity profile
invariance".

Human movements are also variant, with variance
increasing with age (Cooke & Cunningham, 1989). In young
people, variance is similar in both the acceleration and
deceleration phase of a movement, while the deceleration
phase has higher variance in the elderly. Additionally, there
may be instances of movement decomposition, where a
previously integrated movement is changed to consist of
discrete sub-movements. Such changes in movement profiles
may indicate cerebellar dysfunction.

Blake & Shiffrar (2007) investigated how humans
perceive human motion using recordings of people wearing
point lights on major joints. They found that visual form
influence perception. The human form is hierarchical, with
appendages connected to a central trunk. If this hierarchy is
hidden or distorted, observers have greater difficulty
understanding movement. This argues for a humanoid shape
in robots that are meant to work in social environments.

In this work, we choose to focus on velocity
characteristics at the expense of variability.

Reproducing human movement characteristics in machines

Flash & Hogan (1985) describe a mathematical model to
produce natural velocity profiles, which they call the
"minimum jerk model". Jerk is here the time derivative of the
acceleration. They employ dynamic optimization with
minimum jerk as the optimization criteria. Given initial and
goal position coordinates, the model calculates a near straight
trajectory, with a bell-like velocity profile.

Fligge et al. (2012) investigated human catching motion
in 3D, and found that the velocity profiles matched the
minimum jerk model quite well. Their kinematic analysis
suggested that humans use a predictive strategy modulated
by corrective sub-movements just before a catch is made.
The patterns they observed were similar to those of point-to-
point reaching and grasping movements.



Pattacini et al. (2010) tried to implement a modified
version of the minimum jerk model to enable point-to-point
movements in a humanoid robot, with smooth, human-like
motion characteristics. They found that the original model is
too compute intensive too operate in real time (33Hz in their
case) for their setup (a multi-core Intel (R) Xeon with 2.27
GHz clock frequency). But they approximated it by using a
3rd order controller, which they report being able to operate
at the required frequency.

Berret et al. (2011) looked at different kinds of
optimization criteria in human movement planning. Subjects
were told to close their eyes and reach for a vertical bar from
a sitting position, with markers placed on the reaching arm as
well as the head. They found that a hybrid model of
maximizing joint level smoothness and minimizing
mechanical energy expenditure fitted the observed data well.
This hybrid model was also superior to any single cost
model.

Mohammad Khansari-Zadeh & Billard(2014) writes
about an imitation learning approach with a set of
autonomous dynamical systems (DS) called Control
Lyapunov Function-based Dynamic Movements (CLF-DM).

A dynamical system is a concept in mathematics where a
fixed rule describes how a point in a geometrical space
depends on time. A Lyaponov function is a construct from
the theory of ordinary differential equations, and can be used
to prove that an equilibrium of a dynamical system is stable.
Each Dynamical System (DS) codes a behavior (e.g.
reaching for a cup). An estimate of these DS are obtained
from a set of demonstrations of the desired task.

When a set of demonstrations has been obtained the new
technique proceeds in three steps:

1. Learning a valid Lyapunov function from the
demonstrations by solving a  constrained
optimization problem.

2. Using one of several regression techniques to model
an (unstable) estimate of the motion from the
demonstrations.

3. Using (1) to ensure stability of (2) during the task
execution via solving a constrained convex
optimization problem.

A set of theoretical and real environment experiments was
done in order to evaluate the presented method. The
conclusion from the evaluation is that CLF-DM is able to
learn a larger set of motions, compared to existing
approaches, because it learns the energy function instead of
using a predefined one. Additionally, it allows users to
choose the most appropriate regression techniques based on
the requirements of the task at hand.

Zhao et al. (2014) sets up two new criteria for
interpreting human arm movements. These are constructed
to, "resolve the kinematic redundancy of human arm to
generate a human-like arm posture". A model, based on a
virtual torsion spring with variable stiffness, is used to
represent the effect of muscles on motion. Specifically, the
stored potential energy.

A distinction is made between the reaching and grasping
motions and two differing criteria for generating these
motions are used. For reaching motion the potential energy
criterion is constructed and total energy potential and wrist
discomfort for grasping motions.

The potential energy criterion is created to "resolve the
kinematic redundancy of the human arm in the target
position to generate the human-like arm posture in the

reaching movement". A simplification of the arm is made
using only four out of seven of the available degrees of
freedom in the human arm with only the shoulder and elbow
accounted for. It is based on the principle that the human arm
strives for the posture with the least amount of energy stored
in the limb from gravitational pull as well as elastic energy
stored in the muscles.

The total energy and wrist discomfort extends the before
mentioned criterion to include hand orientation so that all
seven degrees of freedom are accounted for. Here the effects
of wrist discomfort are studied by having test subjects reach
for an arbitrary point and see how the arm posture is adapted
to lessen the discomfort.

These two new criteria are used to generate human-like
reaching and grasping motions.

Gielniak et al. (2013) used a robot configured as a
humanoid torso to investigate human-like movement
generation. They used a three stage model, where stage one
applied optimizations that increase spatial and temporal
coordination, stage two added variability, and the third stage
took into account constraints.

They also developed a similarity measure based on
spatiotemporal isomap (Jenkins & Mataric, 2004), an
algorithm taken from chaos theory. This enables objective
comparison of time series containing variance. A common
measure in these cases is to use qualitative judgements from
a group of people, a time consuming and expensive task.
Quantitative metrics thus has obvious benefits.

When modulating trajectories based on the optimization
criteria, they start at some root joint (typically the pelvis in
humans), and extend it out to the end effector. This is
mapped to the available joints in the target robot. Their
algorithm allows for substitution of alternative cost
functions, such as optimal control (Lewis et al., 2012) or
dynamic time warping (Itakura, 1975).

The same robotic system was used by Akgun et al. (2012)
to create a framework for movement instruction based on key
frames. Key framing is a well known technique for
animating characters in films and video games (Burtnyk &
Wein, 1971). Akgun et al. employed key frame clusters, and
splining between them to let their robot learn skills such as
scooping, pouring, and placing things.

Summary of previous work

Human-like motion can be produced in a robot by optimizing
various dynamic properties of a trajectory. A reaching motion
can thus be executed by having the system search a space of
possibilities and from that generate a plan. Many of these
approaches are computationally intensive and mathe-
matically complex. Also, they may require a specific robot
configuration. However, it is also possible to have humans
show the robot how to move, by leading an appendage
through a motion trajectory. Key positions can then be saved
along the path. This is called key framing.

Given the time constraints on this work, we chose to
avoid optimization-based approaches, and concentrate on
computationally simpler methods. See the section Test of
control strategies below for details.

Open Sound Control and the Duration application

The Open Sound Control protocol (OSC) (Wright, 1997) was
developed as an alternative to the venerable MIDI protocol
for interfacing digital musical instruments, aiming to
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and servo 3 at the top

overcome some of MIDI's limitations (Moore, 1988). OSC
allows communication using network protocols, and has
support for descriptive strings to accompany control data.

OSC now has a wide variety of applications supporting it.
Its ease of use and support for low latencies also makes it
useful for robotic control.

Duration (2014) is an open source application which
supports editing timelines of key frame data. It can transmit
and receive interpolated data using the OSC protocol.

3 Material

We used a robot arm consisting of three Dynamixel AX-12+
(Robotis Dynamixel, 2014) servos (see fig. 1). The servos
communicate with a host computer via a serial link. This
allows an arbitrary number of servos to be chained together
on the same link. The servos can receive parameter values to
control goal position, speed, and torque. They can also send
out feedback information for current position, current speed,
and current torque. Position and speed are angular.

The Ikaros system (Balkenius et al., 2010) act as a
scheduler which carry out the function of registered modules
a certain number of times per second. Each computing slot is

Angular speed

Angular speed

5

 Time

b)

Figure 1: Robot arm with servo 1 at bottom, servo 2 in the middle,

Angular speed

Figure 3: Experimental setup, showing position 1 at 11.6cm,
position 2 at 22.6¢m and position 3 at 32.7cm

called a tick. Thus, the servos can receive control
information every tick, and feedback information can be read
from them similarly. The minimum tick duration is limited
by the speed of the host computer, but is typically between
10 and 20ms.

A graphical user interface can be connected to the Ikaros
server, which allows inspection and real time control of
parameters.

4 Experiments and data

We carried out two experiments: one to gather data about
position and velocity changes in human reaching motion, and
the other to get information about how to map such data
correctly to robot servos. This was an explorative endeavor,
and as such we did not have a hypothesis to test.

In this context "speed" or "velocity" refers to angular, or
rotational speed. It is measured in degrees per second. In
humans this corresponds to how quickly a limb rotates
around a joint, such as the lower arm around the elbow joint.
The robot servos rotate similarly. In reference to "torque",
this is the rotational force necessary to produce movement.

Angular speed

d)
Figure 2: Speed profiles for a) pointing movement at pos. 3, b) pull motion from pos. 3 to pos. 1 ¢) push motion from pos. 1 to pos. 3 d)
Shove movement from pos. 1



Both angular speed and torque can be used as control
parameters on the servos.

The human hand moves in a Cartesian, or 3 dimensional
space, where we only care about the sagittal plane. This is
the one composed of the vector pointing out of the front of
the body, and the inverse of the direction of gravity.
Movement in this plane is mapped to angle between the body
and the horizontal, the shoulder with the body, and the angle
between the upper and lower arm.

As described in more detail below, we made
measurements by connecting high-contrast markers to the
shoulder, the elbow, and the hand, and filming the various
movements. The film sequences were processed by software
which can identify markers, and track their position across
film frames. Each position is mapped to a coordinate system,
and the resulting numbers can be exported. See fig. 2 for
graphs shoving angular speed data for all trials and all
participants, for a a selection of distances and movements.

Method

We recorded video footage of three male, healthy individuals
performing types of reaching movements in the sagittal
plane. These were pointing, pushing, pulling, and shoving.
Each movement was repeated 17 times. The first and the last
movement in the time series was discarded to avoid
idiosyncrasies associated with beginning and ending a
motion bout. Hence the plots for a movement for a given
individual is the average and standard deviation based on 15
observations, while the same for all individuals is based on
45 observations.

This left us with essentially four types of reaching and
retraction movements, but with differing kinematic profiles.
A reaching motion in this context consists of shoulder flexion
from about 0 degrees to approximately 60 degrees, and
elbow extension from around 110 degrees to approximately

Table 1: Speed peaks (cm/s) for extension and retraction

movement extension retraction

point3 2.29 1.70
pull 2-1 1.42 0.83
pull 3-1 1.90 1.13
pull 3-2 1.74 0.77
push 1-2 1.15 1.06
push 1-3 1.68 2.05
push 2-3 1.50 2.04
shove 1 2.85 1.89
shove 2 2.34 2.16
shove 3 2.68 2.20
{a) push 1-2 (b) push 1-3 (e) push 2-3
Figure 5: Average velocity of hand for push motion from various
distances

(b) subject 3

Figure 4: Comparison between two subjects for push motion 1-3,
shoving movement distance of hand vs. time

(a) subject 2

30 degrees until the hand has reached the target object.
After the motion has been completed, the arm is retracted to
some approximate initial position. However, though the joint
movements are very similar, the dynamics of the movements
have individual characteristics.

We used a Canon video camera, recording at 25 frames
per second at 1280 x 720 resolution, and saved in the MP4
format. The position data of the shoulder, elbow and hand
was extracted using the Tracker video analysis and modeling
tool for physics education (2014). The resulting time series
were split into individual motion sequences using an
algorithm we developed for this purpose, described in
appendix C. These sequences were in turn imported into the
RStudio (2014) software package, where average and
standard deviation was calculated. Plots were generated from
this data using the ggplot2 function.

The generated curves show the average distance (cm) and
velocity (cm/s) over time (s) and is surrounded by the
standard deviation marked in a darker background.

As mentioned earlier the movements were carried out
from various distances.

When referring to numbers in the labeling column, the
numbers represents a distance from the table edge (see also

fig. 3)
1. 11.6cm
2. 223 cm
3. 327cm

See appendix A for a full complement of plots.

Results

In general, the velocity curves produced from the video
footage replicate the findings of Atkeson & Hollerbach
(1985), and show bell like shapes.

An interesting finding is the difference in the extension
and retraction peak speed. For point, shove, and pull the
extension it is higher than for retraction, while for push it is
the opposite, see table 1.

We also observed some relation between distance to the
target and standard deviation. It appears that as the target
moves closer to the subject's body, the standard deviation
increases (see fig. 5). It is possible that this could be
explained by the discomfort zone of the arm when too close
to the body.

As can be seen in the plots in appendix A, the standard
deviation is somewhat large. We tried calculating the angular
velocity of the elbow joint for the pointing movement to see
whether this would yield a lower variance. This was done in



the Tracker software. The result did not, however, indicate
any such effect.

Each subject has generally a characteristic standard
deviation for a specific motion. Both in size and where it
differs. For instance in subject 2's push movements the
standard deviation tends to become larger after reaching the
target whereas subject 3 tends to have less accuracy prior to
reaching the turning point, see fig. 4.

Typically when reaching a turning point the standard
deviation increases. We suggest that this is mainly due to our
tendency to turn at different distances.

Mapping measured angular speed to servo torque and speed
parameters

To measure the angular speed of servos, we apply time
differentiation to position data. But in order to give accurate
control instructions back to the servos, we need to be able to
map back and forth between these. The servos take speed and
torque values between 0 and 1. As noted above though, speed
must not be equal to 0, as this triggers an internally set
default value.

We set up a system that made each of the servos on our
robot arm run through a range of speed and torque values,
and measured the angular speed. The results indicate that the
servos behave linearly and consistently when fed torque or
speed values up to about 0.5. After this, the speed value
levels off at about 7 degrees/tick. The torque behaves better,
though the variability increases. The average mapping
constant for the three servos 9.0 for torque, and 15.0 for
speed. See table 2, and fig. 6. The full test plan is described
in appendix B.

Summary of experimental results

We filmed three people carrying out four reaching type
motions: push, pull, point, and shove, and extracted velocity
profiles from this data. Each movement can be decomposed
into a series of sigmoid curves representing angular velocity
in time. To map this data to robot servos, we measured the
servos' angular velocity for a series of speed and torque input
values. The servos respond linearly for about half of the
input range.

5 Tests of control strategies

Preliminary work

Before arriving at our final solution, we explored a range of
alternatives. The simplest was recording and playing back
position data from the servos. This works reasonably well on
a fast computer, but may give staccato movements on less
powerful machines. We tried various ways of setting goal
positions and varying speed and torque in ways consistent
with experimental data. But deducing the correct dynamics
algorithmically did not yield satisfactory results. We did
however verify that the positional data from the experiment

Table 2: Mapping factor for angular speed and torque

Factor Servo 1 Servo2 Servo3 Average
Speed factor 14.18 1539 15.39 15.0
Torque factor 9.01 9.10 8.86 9.0
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Figure 6: Degrees per tick for input speed and torque. Blue is servo
1 (bottom), red is servo 2 (middle), and yellow is servo 3 (top)

can successfully be mapped to the robot arm by streaming
stored angular positions directly to the servos.

We tested using a PID controller (Bennett, 1993) to
interpolate between positions. This was not ideal though, as
there is no general way of determining correct parameters for
such a system. Also, though the PID controller gives smooth
movement at the end of a transition, the initial phase is
abrupt.

A breakthrough was being able to extract position key
frames from a recording. We operationalized a key frame to
be the position at which the angular speed is zero. The
challenge of playing back sequences of key frames with
smooth dynamics, led us to the solution of mapping the key
frames to visual timelines. This is described in more detail
below.

Key frame editing and interpolation functions

One of the insights that came with practical experience was
that leading the robot through motions does not necessarily
mean that the reproduced movement will have high quality.
This is mainly due to mechanical resistance in the servos.
They are not very compliant, and quite a lot of force may be
necessary to move them. This is the case even when torque is
switched off. The recorded motion may have the correct key
positions, but the resulting dynamics is not very natural
looking. Also, several operators may be necessary to
simultaneously move multiple appendages.

A solution to this is to use mechanisms from animation
and audio software, such as time lines of editable key frames.
Here, key frame points can be moved two-dimensionally, and
various kinds of mathematical functions can be used to
interpolate between them. An arbitrary number of channels
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Figure 7: Block diagram of Ikaros modules and WebUI for key frame editing system

can then be set up to control different kinds of parameters.
This maps very well to the servos in a robot, and the
parameters that control them.

We set up a web interface (see fig. 8), written in
Javascript, which enables the user to graphically define
points in time, and have an interpolation function between
them. This can be done for an arbitrary number of channels.
This interface then acts as a server, and sends control data to
a client module running in the Ikaros system. The
communication happens via User Datagram Protocol (UDP),
a communication protocol running on top of the Internet
Protocol (IP).

The workflow then becomes to first record a coarse
movement by manually moving robot effectors, then edit the
generated key frames, and finally refine speed or torque data.
The key frames are sent back to the Ikaros server, and an
interpolation module assures that transitions are smooth.
Sequences of key frames kan be stored to, and read from file
by using existing Ikaros modules.

We also implemented an alternative way of recording
and editing key frames This utilizes the OSC protocol to
transmit data out of and into Ikaros, and using third party
applications to do the actual editing and interpolation.

Figure 8: Web Ul for editing key frames

Information flow between Ikaros and the WebUI

The key frame recorder records all positions from the
Dynamixel module and uses the Differentiator module for
determining shifts in the motion (see fig. 7). The Command
block are the buttons in the WebUI telling it if it should
record or not. When recording is done and the command
process is received, the recorder finds all the key frames and
outputs them along with a sync signal. This signal tells the
SocketModule to send the data to the WebUI The
SocketModule parses the data into a text string and sends it
to the predefines destination address and port. The PHP
server listens to this port, and hands the data off to the
WebUL. Here, graphs are plotted and the motion data can be
changed in various ways. Every time a change is made, all
key frames are sent to the SocketModule. The data is parsed
and output as two matrices with sizes. Values are
continuously interpolated by the Interpolator module and
subsequently output to the servos. Thus, the effects of a
change in the WebUI is immediately observable.

The model could be simplified by removing the PHP
server used to communicate with the WebUI. This can be
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achieved by letting the Javascript in the WebUI receive the
packets itself via sockets.

Summary of control strategies

Recording and sending position data is a simple solution that
works as a first approximation. In a fast computer, the
resulting movement is quite smooth. The recording process
has intrinsic problems though, such as the servos providing
resistance to motion. The method could however be used to
map data from filmed experiment to the robot.

Our final solution, using visual time lines with key frame
points and interpolation functions gives a high level of
control, and enables creation of high quality movement
sequences.

6 Discussion

The problems we have had have been associated with
correct coordination of movement, and with reproducing
natural looking dynamics.

Much of the problems are due to noise in reading position
data, and amplification of that noise when differentiating is
performed on the data to get speed values. Even though we
added an averaging stage, this was unable to remove all the
high frequency components.

The smoothest results came from using torque to
indirectly control speed. However, each joint has different
load, and the load changes with the position of subsequent
joints in the kinematic chain. This is hard to compensate for,
and does not map easily to other robot types. Thus we
initially preferred using speed, particularly as we discovered
that using the Ikaros systems' realtime mode improves
smoothness. However, the graphical system enables much
more intuitive use of both speed and torque.

From the literature, the problems we encountered would
appear to have been solved by other groups, with Gielniak et
al. (2013) perhaps having the most generally applicable
solution.

The limitations of our final solution are that manual
editing work needs to be done for each type of movement.
The two implementations also have their individual
limitations.

For the time being, the solution using a web interface
requires that a PHP server process is active to bounce
messages between it and Ikaros. The work flow also requires
a processing step to identify key frames in recorded data,
which is not automatic but requires the pressing of buttons.

Using OSC and the Duration application requires that
Duration is started in addition to ikaros, and that recording is
initiated in the Duration application. A recording currently
involves a manual cleanup process, since a key frame is
essentially created every tick. This can be laborious.
Although Duration allows saving of data to its own file
format, no module has been implemented in Ikaros to read
such files. Making movement data available to Ikaros
without using Duration would therefore involve streaming it
to a file using Ikaros file modules, and then later loading up
this file.

On the other hand, enabling bidirectional OSC
communication in Ikaros opens up a host of possibilities,
such as e.g. using external control surfaces such as
TouchOSC (2014) or letting Ikaros control 3D models in the

Blender 3D modeling application (Blender, 2014). More
speculatively, it might also afford multiple instances of
Ikaros running on separate computers to be integrated into a
single system, or to create something like a "cognitive
synthesizer". Such a device might for instance be able to
teach itself to produce speech-like sounds by controlling
sound synthesis parameters in software like Pure Data (2014)
or SuperCollider (2014).

Future work

The original task description for this project included
implementation of goal directed movement. We did not have
time to do this. Thus, work remains to enable the robot to
activate stored motion sequences, and use them to direct its
effectors to a target. This implies scaling the sequence in
space, to reach targets that are closer or further away. As well
it means doing some sort of rotation so targets can be placed
to the left or the right of the robot. The best results are likely
achieved by incorporating visual feedback into the control
chain, so that motion can be finely controlled as the effector
approaches the target.

7 Conclusion

We have tested strategies for algorithmically controlling a
robot effect, but did not achieve a satisfactory result using
this approach. As an alternative, we developed tools for
recording and manually editing key frames for position and
control data. This allows for efficiently creating very natural
looking motion sequences, and affords control of an arbitrary
number of simultaneous joints.
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Appendix A Statistics

Table 1: Point motion, hand - position

subject 1 subject 2 subject 3 all
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Table 2: Point motion, hand - velocity
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Table 3: Push motions, hand - position

subject 1 subject 2 subject 3 all

push 1-2

push 1-3

push 2-3

Table 4: Push motions, hand - velocity

subject 1 subject 2 subject 3 all

push 1-2

push 1-3

push 2-3
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Table 5: pull motions, hand - position

subject 1 subject 2 subject 3 all

pull 1-2

pull 2-3

Table 6: pull motions, hand - velocity

subject 1 subject 2 subject 3 all

pull 1-2

pull 1-3

pull 2-3
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Table 7: shove motions, hand - position

subject 2 subject 3 all

subject 1
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shove 3

Table 8: shove motions, hand - velocity

subject 2 subject 3 all

subject 1

—
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<
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shove 2

shove 3
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Appendix B Test plan

Test 1

Goal
Find out the thresholds for lowest possible torque value for a given speed and load.

Why?

We want to find out how great impact the load differences during a motions has because the
robot arm-extension and position (load) can vary during different movements. We want to find
out whether this difference is negligible for our robot.

We also want to find out how the relation between the minimal torque-value and speed looks
because we prefer to always use the lowest possible torque value. A smaller torque-value
generates smoother motion, however a too low torque value would mean that we wouldn’t arrive
to our position in time.

Hypotes:

Our hypothesis is that different torque values is required for different loads at a given speed. We
suspect that the difference is negligible for our robot, but that for a larger robot has a meaning
that one needs to consider.

Task execution:
Before we begin:
e We need to check if the speed feedback from the servos are providing reliable results, or
if we need to do our own calculations.
o Feedback speed of the servos was no real feedback in a servo current speed but
rather so that it returns the speed input it receives.

We are going to study the following cases:
Servo No. (0,1,2)

Load (heaviest / lightest)

Speed (0:25, 0:50, 0.75, 1.00)

Torque (0.00, 0.05, 0.10 ...... 1.00)

A total of 3 * 2 * 4 * 20 = 420 different cases

We will be using the realtime value (-r 20) when running the Ikaros application.
The results for each separate case are to be written to a file.

13



What are we looking for?

e Minimum torque-value for a given speed and load
e How dependency between torque, speed and load looks like.
o lsitlinear? Is it possible to describe with a mathematical model?

Design for application:

for servoid in (0, 1, 2) {
for load in (light, heavy) {
set servol pos = load
for speed in (0.25, 0.5, 0.75, 1.0){
set servo2 speed = speed
for torque in (0-1.0; 0.05) {
if servo2 pos == minpos
servo2 target = maxpos
else if servo2 pos == maxpos
servo2 target = minpos
else

go to target

// assume servo in startpos here
set servo2 torque = torque
for tick in (0..maxtick) {
speed recording[tick] = current speed
}
write speed recording to file with name
servotload+speedttorquetdate

}



Appendix C Split data algorithm

The data collected from the experiments needed to be
cleaned up and formatted so that it could be presented
properly. So a short program was developed to automate
this process. It was written in Java and below is a basic
illustration of how it works in pseudo code.

Algorithm 1 Main application

1: procedure MAIN(input file)

2 rowList < read from input file

3 rowList « movingAverage(rowList)

4 indexList < find all curve tops(rowLis)

5: curvematriz < parseCurves(rowList, index List)
6 curvematriz < scaleCurves(curvematrizx)

7: writeToFile(output file)

8: end procedure

Algorithm 2 Low pass filter to smooth out the data

1: procedure MOVINGAVERAGE(rowList)

2: for entry in rowlList do
3: entry < entry + previous Entry/2
4: end for

5: end procedure

Algorithm 3 Algorithm to find the 17 tops in the data,
always looking for the largest values that are not to close
together

1: procedure FIND ALL CURVE TOPS(rowList)

2 indexList

3: for entry in rowlList do

4 if indexList not full then

5 add entry to indexList if not to close in
time to previous largest value

6: else

T replace lowest value of eniry at
indexr in list with current

8: end if

9: end for

10: end procedure

Algorithm 4 Algorithm for parsing whole curves from
the topIndex

1: procedure PARSECURVES(rowList, index List)

2 cureveMatrix

3: for entry in indexList do

4 leftIndex < look for bottom on left side
of entry

5: rightInder <look for bottom on right
side of eniry

6: add to curveMatrix everything from
leftIndex to rightIndex

7: end for

8: end procedure

Algorithm 5 Scales the curves to that every curves low-
est point is 0 (either start or end)

1: procedure SCALECURVES(curveM atriz)
2 for rowIndex in curveMatrixz do

3 find smallest value in row

4 for entry in row do

5: entry < entry — smallest

6 end for

7 end for

8: end procedure
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Hur tittar manniskor?

Robert Bagge

bagge.robert@ gmail.com

Hur mdnniskor tittar i olika situationer blir alltmer
intressant, framforallt beroende pd det senaste drtiondets
stora forskningsframsteg inom robotik som maojliggor att det
inom en snar framtid kommer finnas robotar i hemmen som
hjdlper till med hushdllsuppgifter sdsom stddning och
tvdttning. Det hdr projektet har fokuserat pa att forsta hur
mdnniskar tittar i en ldrande situation, ndrmare bestimt i en
situation ndr man ska imitera ett byggmonster med klossar.
utfordes och

iakttagelser om mdnniskors tittbeteende, varav en av de

Ett  experiment resulterade i ett antal
viktigare dr prediktion av ldrarens handlingar. Med hjdilp av
en Microsoft Kinect och en robotarm implementerades sedan
ett system baserat pd dessa iakttagelser. Systemet kan sdittas
i en liknande situation som experimentdeltagarna och pdvisa
samma tittbeteende som dem. Detta viickte frdgan om vad
som behovs for att skapa en kdnsla hos ldraren av att
roboten forstdar det som ldirs ut, vilket diskuteras i kontexten
av vardagsrobotar. Vdrt nuvarande system behover till viss
grad generaliseras sd att vi i framtida experiment kan
utvirdera om roboten beter sig pd ett vis som far ldraren att
uppleva interaktionen som att roboten forstdtt uppgiften.

1 Introduktion

Blickar kan doda. Uttrycket beskriver tydligt hur viktig
blicken &r for ménniskors kommunikation. Om blicken inte
stimmer Overens med Ovrigt kroppssprak eller den verbala
delen av kommunikationen sa uppfattar de flesta det
beteendet som konstigt

Tittbeteende har tidigare frimst undersokts i kontext av
allmén social interaktion och inte pa detaljniva (Sidner et al.,
2005). Men i takt med att forskningen inom robotik och
artificiell intelligens blir mer avancerad finns idag ett stort
intresse for att veta exakt hur ménniskor tittar da detta gor att
man kan replikera beteendet med robotar. Dessutom borjar
man nu pa allvar kunna se att det inom en inte alltfér lang
framtid kommer finnas robotar hemma hos gemene man som
kan hjilpa till med enkla sysslor sdsom att stiida, diska och
tvitta. Som tidigare ndmnts kan kommunikationen kénnas
konstig om blicken inte anvédnds som den forvintas och detta
giller dven for robotar, exempelvis nér de far instruktioner.
Litar du pa att roboten forstar om den tittar konstigt? Att veta
hur ménniskor tittar blir dirfor en vildigt viktig komponent

Olof Knape

dicllokn@student.lu.se

Henrik Siljebrat

henrik@siljebrat.se

nir man ska forminskliga robotar och pa sa sitt gora att
minniskor kiinner sig bekvdma med att ha robotar hemma.
Det dr dér vi star idag och det hir projektet har syftat till
att utforska just hur ménniskor tittar, samt att géra en enkel
implementation av detta i en robot med mjukvaran Ikaros.
Forst presenteras teoretisk bakgrund, sedan uppgiften vi valt
att fokusera pa och ett experiment med ménskliga
forsoksdeltagare dér vi undersokt tittbeteendet for uppgiften.
Direfter foljer en beskrivning av
experimentresultatet implementerats och
sammanfattning och diskussion av projektet.

roboten och hur
slutligen en

2 Bakgrund/Teori

Formagan att forstd vad andra tittar pd uppstar redan under
ménniskans forsta levnadsdr och brukar bendmnas “joint
attention” (Gazzaniga, 2013). I sin enklaste form anvénds
endast blickriktning men &ven huvudriktning och gester
spelar in, varfor begreppet innefattar inte bara blick utan
dven handlingar och aktiviteter.

Hos vuxna och idldre barn har denna forméaga utvecklats
sd att prediktiva ogonrorelser sker vid observation av andra
minniskor. Webb et al. (2009) beskriver ett experiment dér
man undersokte forsokspersoners Ogonrorelser nidr de
observerade en agent som greppade objekt pé ett bord. Man
fann ett tydligt sekventiellt monster i att observatdren rorde
blicken fran en forbestimd fixeringspunkt till agentens
huvud och vidare till malobjektet. Det sistndimnda skedde
innan agentens hand hunnit till objektet, alltsd fanns en
prediktiv forméga hos observatorerna.

Niér ménniskor observerar handlingar anvinds till viss del
samma neurala system som ndr man sjdlv utfor handlingar.
Detta har visats pa beteendeniva i 6gonrorelseexperiment dir
forsokspersoner som beskriver en minnesbild ror 6gonen
som om de tittar pd bilden framf6r sig (Johansson et al.,
2013). Pa biologisk niva har det pavisats genom upptickten
av spegelneuron - nervceller som aktiveras bade nir en
handling utfors och samma handling observeras (Gazzaniga,
2013). Vad detta innebir dr att man kan se hjirnan som ett
system ddr var kunskap om virlden grundar sig i hur vi
upplever och anvinder var egen kropp - vi forstar virlden
genom oss sjilva - en teori som kallas “embodied cognition”.
(Wikipedia, 2014).



Denna utgangspunkt dr en anledning till att
kognitionsforskning anviédnder robotar som verktyg for att
forstd hur ménniskor fungerar. Hur vil man 4n modellerar ett
kognitivt system madste det sdttas in i en kropp som
efterliknar minniskans for att fi en relevant kontext
(Scholarpedia, 2014).

Robotar som interagerar med ménniskor
benimnas som sociala robotar. Dessa kan enligt Fong et al.
(2003) designas utifran tva huvudperspektiv - biologiskt och
funktionellt. Det forstnimnda innebédr att man i roboten
forsoker social intelligens aktuell
kognitionsforskning. Funktionell design innebdr istéllet att
roboten utat uppvisar social intelligens, men att dess interna
struktur inte behover ha nidgon vetenskaplig grund. Den hir
inriktningen passar vil ihop med ett iterativt och utforskande
arbetssitt som i vart fall.

brukar

simulera utifrn

Joint attention hos robotar har bl.a. undersokts av Nagai
(2005) som baserat pa fynd hos ménniskor om att rorelse har
betydelse  for implementerade  ett
inldrningssystem i en robot dir bade huvudriktning samt
optiskt flode togs i beaktande och fann att detta forbittrade
resultatet jamfort med andra metoder.

Liknande forsok till blickforstaelse har gjorts av Sakita et
al. (2004), men i bada fallen dr det robotens tolkning av
sig pa, istillet
minniskor tolkar roboten som &r fokus i det hér projektet.
(2005) undersokte vad de kallar
“engagement” (som for vart syfte kan likstillas med joint
attention) mellan robot och ménniska. De genomftrde forst
ett experiment pd ménniskors interaktion - dir de tittade pa
verbalt innehall och vissa gester - for att sedan implementera
detta i en robot. Hiar har man alltsa undersokt forstaelse at

blickforstaelse

manniskor man koncentrerat for hur

Sidner et al.

bada hall i interaktionen och sedan utvirderat robotens
beteende i  ytterligare ett experiment. En av
huvudslutsatserna de kom fram till var att robotens gester var
mer betydelsefulla dn dess verbala yttranden for att
forsokspersoner skulle uppleva bittre “engagement”.

Det verkar heller inte spela stor roll om verbala uttryck
bygger pa en forstaelse av vad ménniskoparten sidger. I en
studie dir barn fick spela schack med en robot kom Leite et
al. (2012) fram till att empatiska yttranden vid rétt tillfalle
skapade ett starkare band mellan parterna. Roboten kunde
kdnna igen ett antal olika kénslor hos barnen och reagerade
antingen inte alls, slumpmaéssigt eller “rimligt” pa dessa
kénslor. Det slumpade fallet gjorde barnen mer nervoésa och
oroliga, vilket forfattarna menar ligger i linje med tidigare
resultat om att fel beteende kan fa en negativ upplevelse av
roboten.

Samtidigt finns enligt Sharkey & Sharkey (2010) en djupt
rotad benidgenhet hos manniskor att tillskriva féremal med
ritt egenskaper nagon form av liv. Som exempel nimner de
experiment ddr barn som fatt interagera med robotar hittar pa
anledningar till varfor robotarna inte beter sig som de
“borde”, t.ex. att roboten dr dov om den inte svarar pa tilltal.

Mojligheten att interagera med robotar pa samma vis som
med ménniskor dr som ndmndes i introduktionen viktig for
att vem som helst ska kunna anvinda dem. Alla former av

gester, blickrorelser och verbala yttranden &r en del av att
skapa upplevelsen av en “naturlig” interaktion och det har
visats att framforallt blicken anviinds intuitivt av ménniskor
for att koordinera sin undervisning for att underlitta en
robots inldrningsprocess (Brazeal 2009).

Vilket for oss fram till var robot och fragestéllningen vi
arbetat fram under projektets gang: kan en funktionsdesignad
robot uppvisa ett beteende som far en ménniska att uppleva
forstaelse hos roboten? Frégan &r intressant inte bara for
utveckling av sociala robotar men dven for mer filosofiska
diskussioner som vad det dr som krévs for att nagot ska anses
intelligent. Virlden bryr sig trots allt inte om vad som hinder
pé insidan, endast handlingarna som utfors.

3 Experiment

Scenario

For att uppgiften skulle vara av en storlek som var rimlig att
genomfora under kursen var det nodvindigt att begrinsa den
till ett specifikt scenario. I Ikaros finns redan firdiga moduler
for att identifiera kuber och darfor togs ett scenario med
fokus pé kuber fram som en bra utgangspunkt. Vart scenario
har f6ljande steg:

1. Tva personer sitter pa varsin sida av ett bord.
. En av dem bygger med klossar (med en hand).
3. Den andra har i uppgift att imitera byggandet med
klossar.
4. Den imiterande personen tittar pa ett speciellt sitt
for att lara sig byggandet.
5. Den imiterande personen bygger med klossar.

Den sista punkten i scenariot genomfors aldrig dd roboten
inte kan greppa foremal (se nedan for nidrmare beskrivning
av roboten) men #r det tinkta slutmalet for experimentet sa
att tittbeteendet blir “naturligt” for en inldrningssituation.

Specifikt for experimentet anvindes sex klossar och
dessutom genomfordes scenariot i tvé olika varianter: en dir
forsoksledaren endast tittade pa sitt byggande och en dir
Ogonkontakt soktes. I bada varianterna lade forsoksledaren
ner handen pé bordet i ndgra sekunder i mitten av bygget.
Alla forsokspersoner genomforde bada varianterna, men
ordningen av dessa omvixlades.

Genomforande

10 studenter rekryterades frdan LTH-omradet. De blev
tillsagda att det var ett experiment for att testa monsterminne
och fick en chokladbit for sitt deltagande. De ombads
observera forsoksledaren och sedan forsoka imitera det
forsoksledaren gjort. Verbal kommunikation var inte tillatet
under experimentets gang. Forsoken filmades med tva
kameror didr en var in zoomad pa ansiktet och en
overblickade bygget for att kunna avldsa deltagarens
tittbeteende samt vad hen tittar pa. Deltagarna fick skriva pa
ett godkdnnande om filminspelning dér det gjordes klart att
materialet forstdrs ndr kursen avslutats i januari. For att

sdkerstidlla att  forsoksdeltagarna inte  forstod vad



experimentet gick ut pa frigade vi dem om detta efterat.
Ingen trodde dock att det handlade om négot annat 4n minne.

Resultat

De olika beteenden vi kunde urskilja hos forsokspersonerna
kan delas upp i fem foljande punkter:

1. Niér de ser vart testledarens hand &r pa vig
predicerar hen vilken kloss at det héllet som ska
plockas upp.

2. Nir testledaren tagit tag i en kloss flyttas blicken
direkt till byggomradet, innan testledarens hand
hunnit rora sig dit.

3. Niar testledaren ldgger ned sin hand tittar
forsokspersonen hen i ansiktet som om de undrar
vad hen héller pa med.

4. Nidr det bara dr en kloss kvar bryr sig inte
forsokspersonen om att titta pa den sista klossen
utan tittar enbart i mitten.

5. Redan efter forsta klossen har forsokspersonen
forstatt att det &r i mitten som byggprojektet pagar.

Resultatet i form av dessa fem punkter kan ses i Diagram 1
dir alla tjugo filmer har sammanstillts.

0.75
05

0.25

(5) Mittférstaelse
(4) Sistakloss

(1) Prediktion
(2) Tillbaka

(3) Ansikte

Diagram 1. Vertikal axel visar andel av forsoken ddr beteendet
uppvisades.

En mer detaljerad beskrivning av de olika tittbeteendena
finns i appendix B.

4 Roboten

De verktyg vi har till vért forfogande for att 16sa problemet
ir en robotarm, en Kinect-kamera och mjukvaruplattformen
Ikaros.

Roboten ir en relativt enkel konstruktion med tre stycken
olika servon; en for att vrida armen och tva stycken for att
luta armen framat och bakat. Hogst upp pé armen sitter tva
stycken 6gon for att det ska vara tydligt var roboten tittar, se
Figur 1.

Figur 1. Uppsittning med robot och Microsoft Kinect.

For att ta in en strom av bilder pa det som sker framfor
roboten har vi en Kinect frdn Microsoft (fér tekniska
specifikationer, se Kinect for Windows, 2014). Kinecten
bestar i huvudsak av tva sensorer - en RGB-kamera och en
djupkamera som utnyttjar ett rutnit av infrardda punkter for
att rdkna ut avstindet. Koordinatsystemet som kameran
anvinder fungerar pa f6ljande sitt; varje pixel far en 2-
dimensionell koordinat i en matris som &r lika stor som
kamerans upplosning (640x480) och for varje pixel finns ett
djup givet i mm.

Ikaros-plattformen dr ett verktyg for robotstyrning och
for att skapa olika neuromodeller. Det anvinder sig av
moduler som programmeras i C/C++ och kopplas sedan ihop
med XML-filer som kallas Ikaros Control files. Modulerna
har alla en funktion “Tick” samt ett valbart antal inputs och
outputs vilka alla dr i form av vektorer, matriser eller en
kombination. Ikaros arbetar stegvis (eng. tick) dédr grundliget
ar att for varje tick kor en modul koden i sin Tick-funktion
och lidgger eventuellt resultat i sin output. Om modulen
anvinder input fran en annan modul ir innehéllet den andra
modulens output fran forra tick-omgéngen. Standarden for
koordinatsystemet i Ikaros dr 3-dimensionellt givet i mm,
ligg mirke till att detta skiljer sig fran koordinatsystemet i
Kinecten. For mer ingdende beskrivning av Ikaros lises med
fordel Balkenius (2010).

5 Problem att losa

Fran de olika beteenden foérsokspersonerna uppvisade under
experimentet har vi identifierat atta olika problem som



behovde 16sas for att en implementation av roboten skulle
kunna utfora det uppsatta scenariot. Dessa r:

1. Roboten maste kunna kénna igen kuber.

. Roboten maste kunna kénna igen ett ansikte.

3. Roboten maste kunna forutspa vilken kub som ska
plockas upp.

4. Roboten maste kunna skilja mellan en kub som har
plockats upp och en som inte har det.

5. Roboten maste vara medveten om vart bygget sker
nagonstans.

6. Roboten maste kunna skilja mellan ndr personen
som bygger tar en paus i byggandet och nir hen
faktiskt bygger.

7. Ett styrsystem som gor att roboten kan titta pa valfri
punkt i rummet maste implementeras.

8. Ett enkelt AI som bestimmer vad roboten ska
fokusera blicken pa méste implementeras.

Ambitionen fran borjan var att i sd stor utstrickning som
mdojligt modularisera 16sningarna for enklare implementation
i Ikaros.

6 Presentation av losning

For att ldra oss Ikaros och snabbt komma igéng valde vi att
utveckla roboten utifrdn en funktionell design enligt
definitionen i teoridelen ovan. Hur modularkitekturen ser ut
for var implementation kan ses i Figur 2, ddr moduler som
finns inbyggda i Ikaros &r markerade i blatt. Hur dessa
fungerar beskrivs utforligt pd Ikaros-projektets hemsida
(Ikaros Project, 2014). Virt att notera &r att modulerna
“Kinect” och “Dynamixel” inte &r kameran respektive
roboten i sig utan moduler som kommunicerar med dessa.

[ Kinect ]—b[MPIFaceDetector]—b[FaceLocation
MarkerTracker ]—p{ BuildingArea

modul tar in RGB-bilden frin Kinect-modulen, identifierar
alla upphittade “markers” och skickar vidare information om
dessa till BuildingArea, som beskrivs nirmare senare i
rapporten.

Figur 3. Kub med det rutmonster som modulen MarkerTracker
kdnner igen.

Ansiktsigenkdnning

For igenkédnning av ansikten anvénds en fiardigskriven modul
som heter MPIFaceDetector. Eftersom koordinaterna fran
MPIFaceDetectors output inte har samma enhetsform som
resterande moduler, har dirfor en modul FaceLocation
skapats. FaceLocations uppgift &r att rikna om koordinaterna
fran MPIFaceDetector till koordinater i rummet.

FocusSelector2

LogicModelModule

[ DepthSeg ]—-[ ChangeDetector ]—b[ SummedBoxes ]—b[ DirectionOfchange]

[SmoothMovement]—b[ Dynamixel ]

AverageMatrixValue

Figur 2. Modularkitektur. Pilarnas riktning indikerar
informationsflodet. Kinect &r robotens “6gon” och Dynamixel dr
robotens “muskler”. Mork bakgrund indikerar moduler vi inte
skrivit sjdlva.

Igenkdnning av kuber
Som nd@mnts tidigare finns det redan en firdig modul i Ikaros

som kénner igen kuber med “markers” (rutmonster liknande
QR-koder, se Figur 3) pa sidorna; MarkerTracker. Denna

Forutspad vilken kub som ska plockas upp

For att roboten skall kunna forutse vilken kub som handen
ror sig mot har fyra stycken moduler med olika
ansvarsomraden implementerats.

*  DepthSeg tar in djupdata fran Kinecten och filtrerar
ut de bildpunkter som finns i ett djupspann
definierat av en maximum- och en minimumgrins.
Dé byggaren sitter vid ett bord med klossarna



framfor sig kan grinserna dérfor véljas sa att endast
handen och klossarna hamnar i spannet.

Den filtrerade bilden skickas sedan till
ChangeDetector, en inbyggd modul som jamfor
bilden i nuvarande tick med den som skickades in
foregdende tick. Bilden i ChangeDetectors output
innehéller dirmed endast de bildpunkter som
fordndrats.

*  SummedBoxes utnyttjar att vi fir en matris fran
ChangeDetector och skapar fran den en ny matris i
form av en “Summed Area Table” (Wikipedia,
2014). Summed Area Table fungerar kortfattat sa att
man kan fa ut summan av alla punkter inom valfritt
rektangelformat omréade i den ursprungliga matrisen
genom att stoppa in rektangelns fyra horn. Modulen
utnyttjar detta for att dela in bilden i fem staplar och
skickar ut en vektor med summan for varje stapel.
Pa detta vis ser vi vilken del av bilden som ror sig
och eftersom systemet bara behover konstatera om
det dr rorelse i till hoger eller vinster om klossarnas
byggomrade fungerar denna férenkling.

* Den sista modulen for att bestimma i vilken
riktning handen ror sig dr DirectionOfChange som
jamfor vérdena den far frain SummedBoxes med
sparade viarden som SummedBoxes skickade
foregdende tick. Med hjdlp av ett valbart
troskelvirde skickar sedan DirectionOfChange ut
information om rorelse detekterats till hoger, till
vinster eller inte alls.

Forstd vart byggandet sker

Forutom att halla reda pd information om kuberna har
BuildingArea en annan viktig funktion. Modulen definierar
var sjidlva byggomradet dr ndgonstans. Detta dr bestimt innan
roboten kors igéng, det finns alltsa ingen smart 16sning som
gor att roboten kan forstd var byggomradet ér placerat. Dock
bygger DirectionOfChange pa att byggomradet dr i mitten av
bilden for att fa allt att fungera. Byggomradets placering
bestims genom att definiera maximum- och minimum-
granser for alla tre dimensioner angivet i mm. Forutom
koordinaterna for varje kub skickas dven ett vdrde med i
outputen som definierar om kuben befinner sig innanfor eller
utanfor byggomradet.

Forsta ndr en kub plockas upp

Som nédmnts tidigare har BuildingArea koll pa all relevant
information om kuberna och skickar sedan detta till
FocusSelector2. Avgorandet om en kub har plockats upp
gors direkt i FocusSelector2 genom att jamfoéra kubernas
placering i hojdled ifran BuildingArea mot ett grénsvirde.
Det vill sdga att en kub som har lyfts 6ver detta grinsvirde
anses vara upplockad forutsatt att den &dr utanfor det
definierade byggomradet.

Styrsystem som mdajliggor att roboten tittar pa valfri punkt i
rummet

De kriterier vi hade for styrsystemet var att det skulle kunna
ta in en valfri koordinat i rummet och (inom servonas fysiska
begrinsningar) simulera att roboten tittar pd den punkten.
Det togs tidigt ett beslut att skapa en matematisk modell av

roboten och rummet den befinner sig i. Servona styrs av
Dynamixel-modulen som tar in hastigheten som servona ska
byta position med samt malpositionen i grader for varje servo
for att sedan byta ldge pa servona till den 6nskade positionen.

Design av styrsystemet

For att gora berdkningarna sa enkla som mojliga gjordes forst
en vektorrepresentation av  roboten. I Figur 4
visas vektorrepresentationen av roboten som sedan anvéndes
for att skapa berdkningarna. For en full redogérelse av hur
vektorrepresentationen skapades, se Appendix A.

A
(< Blickriktning

Servo 2, *
.

.

3
iz ® P(xy,z)

X
K

Figur 4. Vektorrepresentation av roboten i ett tredimensionellt
koordinatsystem.

For att mojliggora for roboten att na valfri punkt P med
blicken delas berdkningarna upp i tva delar, en for den Gvre
servon och en for det nedre. Mittenservot anvinds alltsa inte
men vi beddmde denna forenkling som godtagbar da roboten
andd kan titta pad alla punkter och framforallt blir
berdkningarna mycket mer ldtthanterliga. . For servo 0 som
styr riktningen i horisontell led dr det bara koordinaterna x
och y som behovs. Likasd for servo 2 som styr riktningen i
vertikal led &r det bara lingden av vektorns projektion i x, y
planet samt z som behovs. Berdkningarna gors da pa tva plan
istillet for i tre dimensioner samtidigt och blir didrmed
enklare att genomfora.

Déa Dynamixel-modulen tar en absolut mélposition som
input behover var hittills relativa position ta hénsyn till detta.
Med en hjidlpvektor lings x-axeln kan vinkelskillnaden
mellan hjdlpvektorn och den oOnskade riktningsvektorn till
den absoluta malpositionen ridknas ut med skaldrprodukt
enligt Figur 5.

Punkt att fokusera pa P

& x)

tv
Hjalpvektor(0,2) ir\"

Servo 0(0,0) ‘ ............................ > y

Figur 5. En hjilpvektor anvinds for att fi fram punkten P.



Vinkeln v ridknas ut med skaldrprodukten av hjilpvektorn
och vektorn till P.

Oxy+ Zxx
V02 + 22*\/y2+ x?

cosv

Omy > 0,

Milposition servo 0 = 180° + v
Omy< 0,

Malposition servo 0 = 180° — v

Att mélpositionen utgar frin 180 grader beror pa att det ar
vinkelskillnaden mellan servots nollpunkt och axeln x. Aven
for den vertikala positionen &dr det Onskvirt att gora
berdkningarna i ett plan istédllet f6r i ett rum och detta &r
ocksd mojligt da det bara &r lingden av vektorns projektion i
y.x-planet och z-virdet som behovs for detta.

Miilpositionsvektorn (y,z,x) och hjilpvektorn (0,0,2) gors
om till vektorer i samma plan.

(\/yz + xz,z) och (2,0)

Skaldrprodukten anvdnds sedan for att rdkna ut

vinkelskillnaden u.

VY2 +x2x24 20
Jy2+x2 4 2222 + 02

cosu =

Och precis som i horisontell riktning sa kollar vi om z dr
positiv eller negativ.

Omz > 0,

Malposition servo 2 = 180°+ u
Omz< 0,

Malposition servo 2 = 180° — u

Att malpositionen utgar fran 180 grader beror pé att
blickvektorn &r vinkelrdt mot servot vilket gor att vinkeln &r
parallell med x-axeln(och hjdlpvektorn) dé servots position
ar 180 grader.

Implementation av styrsystemet

Den matematiska modellen finns
LogicModelModule och alla berdkningar gors dér. Det bor
dven noteras att de punkter som kommer in till modulen &r i
kamerans koordinatsystem, det vill sdga att origo &r i
kameran och inte vid roboten. For att kunna gora alla
beridkningar gors punkterna om till robotens koordinatsystem
genom att lagga till en offset pa varje koordinat i punkten.
Denna offset dr avstandet mellan kameran och foten pa servo

implementerad i

0 for y och x-virdena och foten pé servo 2 for z-virdena.

Detta designbeslut togs styrsystemet sa
sjdlvstidndigt som mojligt.

For att gora robotens rorelser mjukare anvinds modulen
SmoothMovement som utnyttjar Critically damped springs-
metoden (Juckett, 2012). Denna modul lades in mellan
LogicModelModule och Dynamixel och anvédnder sig av
feedback pa positionerna for respektive servo for att fa till de

mjuka rorelserna.

for att gora

Beslutsalgoritm

Det som binder ihop allting 4r modulen FocusSelector2 som
bestimmer vad roboten ska titta pa och skickar aktuella
koordinater till LogicModelModule. Anledningen till att
FocusSelector2 heter som den gor dr for att det 4r den andra
versionen av FocusSelector. Den forsta versionen hanterade
inte alla delar och behovde skrivas om helt.

Som visas i Figur 2 tar FocusSelector2 in data fran fyra
moduler enligt foljande:

* BuildingArea skickar kubernas position och ifall de
dr placerade i byggomradet

*  FaceLocation skickar ansiktets position

* Handens riktning fran DirectionOfChange (vinster,
hoger eller ingen fordndring)

¢ AverageMatrixValues output for att veta om handen
ror pa sig

Utgangslédget dr att modulen letar efter handrorelser, antingen
for att titta pd den kub som handen r6r sig mot eller for att
avgbra om roboten ska titta pd byggarens ansikte vilket den
gor om det inte sker ndgra handrorelser under ett valbart
antal tick. Efter att den har hittat en handrorelse och
predicerat vilken kub handen rér sig mot vintar modulen pa
att en kub som &r utanfor byggomradet skall tas upp.

Nir en kub tas upp tittar roboten tillbaka i byggomradet
tills den upplockade kuben har placerats i byggomradet. Efter
att kuben har placerats i byggomradet véntar modulen pa nya
handrorelser och detta beteende upprepas tills det bara finns
en kub utanfor byggomradet kvar. Nir alla kuber har
placerats i byggomradet forutom en, kommer robotens blick
att stanna kvar i byggomradet.

AverageMatrixValue-modulen behovs for att
DirectionOfChange skickar “ingen fordndring” &ven om
handen ror sig i mitten av bilden. Har finns mojlighet att
skriva om antingen DirectionOfChange och FocusSelector2
sd att AverageMatrixValue inte behovs.

7 Diskussion

Arbetsprocessen

Under projektets gang har vi arbetat med en vildigt platt och
demokratisk arbetsprocess. Det har varit mycket fokus pa det
tekniska, vilket alla medlemmar &r vildigt intresserade av, sé
blev det naturligt att arbeta med det alla tre. Det visade sig
ocksa passa bra ihop med en funktionell design (jamfort med
biologisk sddan, se teoridelen). Aven om vi under processens



géng arbetat med olika delar av systemet sa har vi hela tiden
haft en oppen dialog dér vi diskuterat fordelar och nackdelar
med olika losningar. D& vi bara har varit tre personer som
arbetat tillsammans har det hir relativt ostrukturerade
arbetssittet fungerat vildigt bra, fast hade vi varit fler skulle
det eventuellt behovts mer struktur 6ver vem som gjorde vad
och varit tydligare med deadlines. Vi har dessutom haft
fordelen av att nistan alltid sitta tillsammans och arbetat.
Detta har gjort att ledtider for svar pa fragor och diskussioner
varit nédra pa obefintliga samt att alla projektmedlemmar hela
tiden har haft bra forstdelse om vad som hidnt med hela
systemet och inte bara vad man sjilv haller pd med.

Vi har under hela processen arbetat iterativt. Detta med
grund i att vi snabbt kom Gverens om att det 4r bittre att fa
sma delar av systemet att fungera forst och att gora en enkel
implementation med begridnsningar istillet for att strdva efter
avancerad funktionalitet redan fran borjan. Detta grundar sig
ocksa i tanken att vi pa sa vis snabbare kunde lira oss Ikaros-
systemet och pa bra grund kan skapa mer avancerade
I6sningar i den andra delkursen. Arbetssittet har visat sig
fungera vdl da vi idag star med en fullt fungerande
implementation som kan hantera ett begrinsat scenario bra.
Trots detta kinner vi verkligen inga begridnsningar i hur det
fortsatta arbetet ska fortga utan det kiéinns som att vi kan gé
flera olika vdgar genom att till exempel generalisera
scenariot roboten verkar i eller gora beslutsalgorimen mer
intelligent och snabb. Med andra ord har valet med iterativ
utveckling fallit véldigt vil ut.

Experiment

Experimentet var redan fran borjan tinkt vara mer av
utforskande typ in strikt vetenskapligt, detta for att fa en
fingervisning om potentiella beteenden att implementera. Vi
blev glatt 6verraskade att resultatet var sa enhetligt med stora
utslag pa de olika beteendena som identifierades. De tva
olika scenarion vi hade gav ingen skillnad i beteendet hos
forsokspersonerna och det spelade heller ingen roll i vilken
ordning vi spelade upp scenarion. Dessutom var skillnaderna
mellan de tva forsoken obefintliga for de flesta av deltagarna.

Efter detta konstaterande har vi behandlat alla de 20
forsoken enhetligt. Med dessa homogena resultat som é&r
oberoende av de olika parametrarna vi dndrade pa, kan vi
konstatera att for det hir specifika scenariot finns det med
stor sannolikhet ett “bestimt tittmonster”. Darfor kunde vi
med ett starkt stod fran experimentet
tittmonstret i var robot.

Naturligtvis finns det ménga saker man skulle kunna
dndra pa i scenariot som skulle kunna paverka resultatet.
T.ex. har vi inte undersokt hur verbal kommunikation skulle
kunna péverka. Men eftersom var robot inte har nagot sitt att
uppfatta tal har denna idé forkastats. Dock hade vi kunnat
undersoka vad som hinder om testledaren bjuder in till
samarbete med kroppssprak och blickar. Vilket kanske hade
resulterat i att forsokspersonerna tittat mer pa testledaren
istdllet for klossarna, men det hade ocksa blivit mer
komplicerat att sérskilja kausaliteter i beteenden och ddrmed
forsvarat analysen. Vi hade ocksd kunnat undersoka hur

implementera

forsokspersoner reagerar om de inte far nagra instruktioner
om att byggmonstret ska memoreras. Fast da skulle risken
finnas att forsok maste forkastas for att deltagarna blir
misstinksamma eller fundersamma.

Utrustningens begrdnsningar

Négot annat som bor diskuteras dr utrustningens
begrinsningar och vad detta har ldmnat for avtryck pa var
l6sning. En av de stora begrdnsningarna har varit att vi
anvint en Microsoft Kinect som kamera, vilket vi fatt
anpassa oss till. Bland annat har den ett vildigt snivt synfilt
som gor att kuber maste placeras relativt rakt framfor
kameran for att vara med i bild. Ett annat problem vi tampats
med &r laga upplosning
djupkamerans begrinsning i djupet - rdckvidden borjar 50
cm frén kameran. Detta blir ett problem d& den vanliga
kameran inte kunnat detektera kuberna pa lingre avstand &n
50 cm. Detta moment 22 1ostes genom att tillverka storre
kuber som kunde ses pé lingre avstdnd och ddrmed 6ppnade
upp for djupkameran att exempelvis
rorelsedetektion. Det bor dock tilldggas att en kamera med
hogre upplosning inte hade varit till mycket hjidlp da en del
av de beridkningar som gors da hade blivit alltfor krivande
for att systemet ska kunna flyta pa mjukt.

kamerans tillsammans med

anviandas  for

Designbeslut och begrdnsningar

Under arbetsprocessen har det varit naturligt att gora en del
kompromisser, manga av dessa har berott pa att det har varit
nodvéndigt att spara tid for att kunna lidgga denna pa andra
delar av systemet. Detta har gjort att en helhetslosning som
fungerar har kunnat slutféras redan nu. I borjan var det svart
att forutse nir en fungerande 16sning skulle bli klar, men vart
nuvarande resultat dr béttre dn vad vi forvéntade oss.

En av dessa kompromisser var ett beslut om att kameran
maste std 82 cm fran bordskanten for att kunna filtrera ut
handen med modulen DepthSeg. En annan kompromiss var
befintliga
MPIFaceDetector for att kidnna igen ansikten trots att den
fungerar langt fran optimalt - den tappar ofta ansiktet samt
tror att objekt som inte ir ett ansikte dr det. Modulen haller
heller inte koll pa hur langt bort fran kameran ett ansikte 4r.
Anledningen till att modulen #nda anvindes &r att en av de

att anvdnda den redan Ikaros-modulen

andra projektgrupperna i kursen spenderat mycket tid pa
ansiktsigenkénning och vi ansag det dirfor Dbittre att
uppfinna egna hjul. Losningen pa att MPIFaceDetector inte
haller koll pa ansiktens djup blev att bestimma ansiktets
avstand till ca 130 cm fran kameran; ett tilligg pa 50 cm till
de tidigare nimnda 82 cm for att hitta handen.

En annan modul som har begrinsningar dr BuildingArea
som i dagsldget definierar en zon for var byggandet sker, var
denna zon #r beldgen samt meddelar vilka kuber som é&r
utanfor respektive innanfor zonen. Detta dr inte heller
optimalt da det gor att 16sningen blir véldigt scenariobaserad
och inte generell. En bittre 16sning &r om modulen kollar var
alla kuber i bilden &r och till exempel riknar ut en byggplats
som omradet dir flest kuber #r beligna. Aven
DirectionOfChange har begriansningar pa sa sitt att den bara



kollar riktningen at hoger eller vénster och antar att
byggandet sker i mitten, ddir modulen inte kollar pa nagra
dndringar. For att generalisera DirectionOfChange borde den
kunna hitta en hand och ta ut en rorelse &t vilket hall som
helst. Det dr dven fordelaktigt om den kan ta reda pa vart
byggandet sker och dndra troskelvdrden for vad som #4r en
rorelse och inte efter det.

Styrsystemet, LogicModelModule, har dven det flera
begrinsningar. Till exempel anvinder det bara tva utav tre
servon. Detta beror pa att vi sett det som nodvéndigt att borja
med ldg komplexitet i berfikningarna for att folja en iterativ
process. Detta mojliggjorde att vi kunde anvénda det for att
testa andra delar av var implementation, nigot som har visat
sig mycket virdefullt. En annan kompromiss vi har gjort &r
att bestimma att robotens 6gon har centrum i den Gversta
servons axel istillet for lingst upp pa roboten. Aven detta
beslut togs med grund i att lag komplexitet av berdkningarna
var att foredra, dessutom #r den synliga skillnaden i vart
roboten tittar vildigt liten med denna kompromiss. Trots
dessa kompromisser dr modulen helt funktionell och kan
dessutom vidareutvecklas till att bli mer generellt och
funktionellt.

Forslag pa #dndringar &r att ge modulen flera olika ldgen,
till exempel “titta pad punkter” eller “nd punkter med
robotarmen”. Detta skulle tillita styrsystemet att &ven
anvindas for att flytta pa saker och inte bara for att titta pa
saker. Med detta bor ocksa den tredje servon tas med i
beridkningarna da detta gor att fler punkter i rummet kan nés.

Utover detta dr implementeringen av hjélpvektorer inte
optimal. Hjilpvektorerna
vinkelskillnaden mellan en axel i koordinatsystemet och den
vektor som stricker sig mellan origo och de punkter som ska
nas av blicken. Denna vinkel ldggs sedan till eller dras ifran
pa antalet grader mellan servons nollige och axeln med
hjdlpvektorn. Négot vi har insett dr att det dr béttre att sitta
hjdlpvektorn parallell med O grader for varje servo och pa
sétt undvika en offset som motsvarar vinkeln mellan O grader

anviands for att rdkna ut

for en servo och axeln med hjidlpvektorn. Under projektets
gang har vi anvint koordinater pa flera olika former (xyz,
yxz, yzx etc), vilket har gjort att klassen idag é&r lite rorig.
Detta borde dndras sa att koordinaterna dr pad samma form
som i resten av systemet. Med dessa &dndringar tror vi att
modulen blir léttare att forstd och anvénda.

Som beskrivits ovan finns det ménga begrinsningar i var
implementation och méanga av dem har gjorts for att fa en
forsta iteration fungerande och testbar sa fort som mojligt.
En del idéer har vi behovt forkasta pa grund av komplexitet
eller tidsatgéng, bland annat har vi haft ménga olika idéer pé
hur man kan filtrera ut en hand i en bild. Vi spenderade en
del tid pa att leta upp och utvérdera olika metoder i litteratur,
forskningsartiklar och pa Internet. En av de bittre
kandidaterna var att ta ut firgen pa ansiktet for att leta upp
nagonting med samma férg som troligtvis skulle vara handen
och/eller armen. Efter diskussion inom gruppen togs dock
beslutet att inte g& vidare med den metoden da den bedomdes
som svar att implementera. Dessutom hade detta potentiellt
satt begrinsningar pa vilka farger som far finnas med i bilden

samt om forsoksledaren bdr ldngdrmat eller kortdrmat. Vi
tror dock att en kombination av den ovan beskrivna metoden
och den vi idag anvidnder med DirectionOfChange hade
kunnat ge ett utmirkt resultat och dr niagot vi kan kolla vidare

pa.
Interaktion med andra projektgrupper

Under projektets gang har det forekommit en hel del
interaktion med de tva andra grupperna i kursen som arbetar
med robotar. Framf6rallt har det varit en 6ppen diskussion
om olika problem, men vi har ocksa kunnat anvinda en av de
gruppernas  moduler  f6r mjuka  rorelser,
SmoothMovement. Den har varit mycket létt att anvinda i var
implementation och har forbéttrat vért slutresultat. Vart mal
och forhoppning ir att de andra grupperna ska fa anvindning

andra

for ndgra av vara moduler.

Hur trovdrdig dr vdr robot?

Under projektets gang borjade vi fundera 6ver hur trovirdig
vér robot faktiskt 4r. Ndr man sitter och bygger med klossar
framfor roboten vet man om att roboten egentligen inte kan
forsta vad som hinder. Roboten stirrar med sina frigolitbollar
till 6gon och sin mekaniska “hals” men dndd far man en
kinsla av att det 4r nagot som hénder, man vill att roboten
skall forstd. Aven med kunskapen om exakt hur den fungerar
vill man dnda vicka liv i roboten och vi pratar nistan med
den som att det vore en levande person, dven ifall vi vet att
den inte hor. Effekten mirktes redan i borjan och blev
starkare for varje ny modul och funktion vi implementerade.
Pa det viset har vi, atminstone med oss sjidlva, som
testpersoner bekriftat det som togs upp i teorin - att vi
minniskor har en inbyggd benédgenhet att se liv i objekt trots
att vi egentligen vet att det inte &r sa.
Det var denna erfarenhet som ledde oss till
fragestdllningen om huruvida en funktionellt designad robot
kan titta pa ett vis som far en ménniska att uppleva forstaelse
hos roboten? Man skulle hidr kunna dra en parallell till det
beromda (eller o©kidnda) Turing-testet. Det finns flera
tolkningar och versioner av detta men forenklat gar det ut pa
att en minniska i text konverserar med antingen en dator
eller annan minniska och efter en viss tid bedomer om
partnern var av kott eller kod. Om ett visst antal
forsokspersoner tror att datorn dr ménniska har Turing-testet
avklarats.
Det hir sdger givetvis inget om datorprogrammets forstaelse
eller intelligens utan snarare om mojligheten till imitation
och da bortser vi dndd fran att kognitionsforskningen
knappast kan pastas vara enad om vad varken forstéelse eller
intelligens betyder. Men parallellen &ar vardefull for att
experimentera med tanken om vad det skulle betyda att skapa
en forstaelseupplevelse. For om vi kan forsékra oss om att
roboten uppvisar ett tittbeteende som tolkas som att roboten
forstatt endast ndr den faktiskt forstatt ménniskans
instruktioner sd rdcker det for att den ska fungera i
vardagssituationer sdsom stddning eller diskning. Detta hade
varit intressant att testa i ett nytt experiment dar
forsokspersoner far agera byggare och sedan bedéma om de



tror att roboten forstatt deras instruktioner. Kruxet 4r att vi da
kommer till frigan om hur vi som robotkonstruktorer eller
kodare kan forsidkra oss om att roboten forstatt - hur vet vi
det?

Troligtvis kommer vi pd grund av detta inte ifrén att
nagon form av inldrning behdver ske vilket for oss tillbaka
till funktionell respektive biologisk design. Dagens mest
avancerade system for detta brukar benimnas “machine
learning” som bygger pa avancerade statistiska modeller och
didrmed bor klassas som funktionell design. Metoden ligger
till grund for ménga framgéngsrika applikationer inom
artificiell intelligens sdsom den Jeopardy-spelande Watson
(IBM, 2014) och sjilvgéende bilar (Wikipedia, 2014). Vi har
inte kommit riktigt lika ldngt med biologiskt inspirerade
l6sningar, dven om det finns bra exempel i form av foretaget
Numenta (Numenta, 2014).

Med tanke pa hur lite vi faktiskt vet om hjdrnan och att
den trots allt bygger pd matematiska regler (vilket den ur
reduktionistisk synvinkel maste gora for att f6lja universums
fysiska lagar) skulle man kunna siga att nyss ndmnda
exempel egentligen handlar om samma sak - att hitta ritt
algoritm. I sa fall kan man spekulera i om det alls #r ndgon
skillnad mellan funktionell och biologisk design.

Vi har ingen aning, men om véar robot kan bli en liten
pusselbit pa vigen dit &r det fantastiskt.
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Appendix A - Styrsystem

De kriterier vi hade for styrsystemet var att det skulle kunna ta in en valfri koordinat i rummet och
(inom servonas fysiska begridnsningar) simulera att roboten tittar pa den punkten. Det togs tidigt ett
beslut att skapa en matematisk modell av roboten och rummet den befinner sig i. Servona styrs av
Dynamixel-modulen som tar in hastigheten som servona ska byta position med samt mélpositionen i
grader for varje servo for att sedan byta ldge pé servona till den 6nskade positionen.

Design

For att gora berdkningarna s enkla som mojliga gjordes forst en vektorrepresentation av roboten. I
Figur A visas en skiss av roboten som sedan anvidndes som grund for att representera roboten i
vektorer.

F

Servo 2

Servo 1

Servo 0

Figur A. For att gora berdkningarna sa enkla som mojliga gjordes forst en vektorrepresentation av roboten. I Figur
Al visas en skiss av roboten som sedan anvindes som grund for att representera roboten i vektorer.

Modellen av roboten vektoriserades sedan, detta syns i Figur B.



A- e P < Blickriktning

Servo 2

Servo 1
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Servo 0

Figur B. Vektorpresentation av roboten ddr varje servo motsvaras av en vektor. Notera att blickriktningen
representeras av en prickad vektor.

For att minska komplexiteten pa berdkningarna gjordes sedan f6ljande forenkling.

A

Servo 2

’ ..... > < Blickriktning

Servo 0

Figur C. Forenklad vektorisering av modellen.



Fran den férenklade vektormodellen i Figur C konstruerades ett koordinatsystem.

< Blickriktning
Servo 2 , v
3
1z ® P(xy,z)
X
<
;Servo.()".

Figur D. Vektorrepresentation av roboten i ett trediminsionellt koordinatsystem.

For att mojliggora for roboten att na valfri punkt P med blicken delas berdkningarna upp i tva delar, en
for den 6vre servon och en for det nedre. Mittenservot anvénds alltsa inte men vi beddmde denna
forenkling som godtagbar dé roboten dnda kan titta pa alla punkter och framforallt blir berdkningarna
mycket mer ldtthanterliga. . For servo 0 som styr riktningen i horisontell led dr det bara koordinaterna x
och y som behovs. Likasé for servo 2 som styr riktningen i vertikal led dr det bara langden av vektorns
projektion i x, y planet samt z som behovs. Berdkningarna gors dd pad tva plan istéllet for i tre
dimensioner samtidigt och blir ddrmed enklare att genomfora.

Dé Dynamixel-modulen tar en absolut mélposition som input behover var hittills relativa position ta
hénsyn till detta. Med en hjédlpvektor ldngs x-axeln kan vinkelskillnaden mellan hjdlpvektorn och den
Onskade riktningsvektorn till den absoluta mélposition en riknas ut med skaldrprodukt enligt Figur E.

X
A
: Punkt att fokusera pa P
& X
I”
ty
Hjélpvektor(0,2) !—\"
I,
Servo 0(0,0) ‘ .............................. >y

Figur E. En hjidlpvektor anvinds for att fa fram punkten P.



Vinkeln v rdknas ut med skaldrprodukten av hjélpvektorn och vektorn till P.

O*xy+ 2xx
V02 + 22*\/y2+ x?

cosv

Omy > 0,

Malposition servo 0 = 180° + v
Omy< 0,

Malposition servo 0 = 180° — v
Att malpositionen utgar frén 180 grader beror pa att det dr vinkelskillnaden mellan servots nollpunkt
och axeln x. Aven for den vertikala positionen #r det 6nskvirt att gora berikningarna i ett plan istillet
for i ett rum och detta dr ocksa mojligt da det bara dr ldngden av vektorns projektion i y,x-planet och z-

véardet som behovs for detta.

Milpositionsvektorn (y,z,x) och hjilpvektorn (0,0,2) gors om till vektorer i samma plan.

(\/yz + xz,z) och (2,0)

Skalédrprodukten anvénds sedan for att rikna ut vinkelskillnaden u.

VY2+x2%24 z%0
Jy2+x2 4+ z2+22 + 02

cosu =

Och precis som i horisontell riktning sa kollar vi om z dr positiv eller negativ.
Omz > 0,

Malposition servo 2 = 180° + u
Omz< 0,

Malposition servo 2 = 180° — u

Att mélpositionen utgar fran 180 grader beror pa att blickvektorn &r vinkelrdt mot servot vilket gor att
vinkeln dr parallell med x-axeln(och hjélpvektorn) da servots position dr 180 grader.



Appendix B — Resultat fran experimentet

De olika beteenden vi kunde urskilja hos forsokspersonerna under experimentet kan delas upp i
foljande fem punkter:

1. Nir de ser vart testledarens hand ér pa vig predicerar hen vilken kloss at det hallet som ska
plockas upp.

Figur A. Prediktion av vilken kloss som ska plockas upp.

2. Nir testledaren tagit tag i en kloss flyttas blicken direkt till byggomradet, innan testledarens
hand hunnit rora sig dit.

Figur B. Prediktion av vart den upplockade kuben ska sittas ned nagonstans.

3. Nir testledaren ldgger ned sin hand tittar forsokspersonen hen i ansiktet som om de undrar vad
hen héller pa med.



Figur C. Tittar frigande pa forsoksledaren for att se vad som forsiggér.

4. Nir det bara ir en kloss kvar bryr sig inte forsokspersonen om att titta pa den sista klossen
utan tittar enbart i mitten.

Figur D. Forsokspersonen bryr sig inte om att titta pa den sista klossen da det ér uppenbart att det ir den som ska
plockas upp.

5. Redan efter forsta klossen har forsokspersonen forstatt att det dr i mitten som byggprojektet
pagar.



Figur E. Forsokspersonen forstar pa en gang att det dr i mitten byggandet sker.

Resultatet i form av dessa fem punkter kan ses i Diagram 1 dér alla tjugo filmer har sammanstillts.

0.75
0.5

0.25

(1) Prediktion (3) Ansikte (5) Mittforstaelse
(2) Tillbaka (4) Sistakloss

Diagram A. Vertikal axel visar andel av forsoken dér beteendet uppvisades.



Manniska-Robotinteraktion I Virtuella Miljoer

David Lundberg, Lolita Olesen, Caroline Schouenborg, Eric Wall

Human-Robot Interaction, HRI, tests are mostly performed
with a real physical robot prototype and real people. Howev-
er, doing so requires development of the actual robot and
setup of the environment and any other test parameter. This
article examines the possibility of performing HRI tests in a
virtual reality (VR) environment instead, which could hope-
fully lead to shorter lead times and reduced costs. The basis
for the project was three studies that have been tested in a
physical environment and replicated in this project’s virtual
environment. The first one was carried out in 2013 by Astrid

Weiss and Markus Vincze, called “Don’t Bother Me: Users’

Reactions to Different Robot Disturbing Behaviours”. The
second one was carried out in 2002 by Juan Fasola and
Maja J Mataric' and is called *“Using Socially Assistive Hu-
man—Robot Interaction to Motivate Physical Exercise for

Older Adults”. The last one is called “The Revised Set of

Measures to Assess Users’ Attitudinal and Behavioral Re-
sponses to a Social Robot” by the writers Michiel Joosse
Aziez Sardar, Manja Lohse, Vanessa Evers from 2013. The
project outlined in this report tried to resemble the original
tests as much as possible, but in a VR environment instead.
The first part of this project culminated in a pilot study,
which mainly tested the environment, robot and HRI less so
than the actual tests.The result of the pilot studie was then
used to do the acual tests.

Introduktion

Det talas om att i framtiden underlétta serviceinriktade ar-
beten genom att avlasta personalen med robotar. Exempelvis
hade robotar kunnat underldtta fér den redan 6verbelastade
hemtjénsten med att hjdlpa &dldre med vardagliga sysslor.
Tekniken har sedan lidnge funnits tillgénglig men interaktio-
nen mellan ménniskor och robotar ar fortfarande relativt out-
forskad. Att f& ménniskor att forlita sig pa robotar och ldra
dem hur det gar att interagera med robotar ar fortfarande
svart och mer forskning behdvs inom omradet. Ett stort prob-
lem med att bedriva den hér forskningen ar att det kan vara
en kostsam process. (Weiss & Vincze, 2013)

Den hir rapportens syfte ar att med hjdlp av en virtuell
miljo kunna utféra anvindartester pa robotar tillsammans
med den ténkta slutanvdndaren. I jidmforelse med anvén-
dartester i en fysisk miljo, med en fysisk robot, ar tester i
virtuella miljoer enkla och relativt billiga att utveckla. Vilket
innebér att kostnader for testning skulle minska, samtidigt
som det medfor mojligheter att arbeta mer iterativt i utveck-
lingen av nya prototyper eftersom att de kan &ndras snabbt.
Hypotesen &r att det gar att utfoéra enklare Human-Robot In-
teraction, HRI, tester, dir ingen fysisk berdring krivs, i
virtuella miljder lika vél som i fysiska miljoer.

For att testa hypotesen valdes det att replikera tre redan
genomforda experiment inom tre olika omraden. Studierna ar
kallade “Don’t Bother Me: Users’ Reactions to Different
Robot Disturbing Behaviours”, “Test The Revised Set of
Measures to Assess Users” samt “Test Using Socially Assis-
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tive Human-Robot Interaction”. 1 den forsta studien under-
soks tillit till en robot, i den andra gors en mitning kring den
personliga sfaren och i den tredje undersoks det hur robotar
ska agera och tala for att det ska vara bekvamt for ménniskor
att interagera med dem. Studierna har efterliknats original-
studierna sé l&ngt som mdjligt. Det som inte har gatt att rep-
likera eller helt enkelt inte har hunnits med pa grund av tids-
brist, har istallet valts att efterliknas genom att tillgripa “The
Wizard of Oz”-tekniken. Det &r en teknik dér hdndelser istél-
let simuleras s att testpersonen ska tro att det ar pé riktigt till
exempel genom att spela upp robotrdsten manuellt via en
extern enhet kopplad till testpersonens horlurar.

En virtuell miljé har anvénts for det hir projektet, till
vilken en virtuell robot, som testpersonerna senare interager-
ade med, lades till. Virtuella miljoer anvinds for att ge an-
véndaren en illusion av deltagande i en syntetisk miljo istél-
let for att externt observera den. Virtuella objekt har sedan
adderats till den virtuella miljon, och animationer har adder-
ats till roboten.

Resultaten fran anvindartesterna har jamforts med resul-
taten fran de ursprungliga testerna for att undersoka om det
finns stod for hypotesen. Slutsatsen dr att det gar att gora
likvardiga studier i en virtuell miljé som i en fysisk.

Projektet dr indelat i tva faser. Den forsta fasens syfte var
att skapa en pilotstudie som skulle ge en grund for testerna
och sedan kunna underlitta for testning i den andra delen av
projektet. Pilotstudien gav en bra inblick i vad som var
mojligt att géra samt vad som kunde bli dnnu béttre. I den
andra fasen togs kunskapen fran pilotstudien tillvara for att
forbéttra milj6 och robot. Néagra saker fick goras om fran
grunden, men ldrdomarna och erfarenheterna fran forsta de-
len har avspeglat slutresultatet.

Tekniken som anvants

Oculus Rift ar en Head-mounted display (HMD) som an-
viands for att simulera den virtuella miljon. Med hjilp av
Oculus Rift far testpersonen en fri tredimensionell rotation.
Vilket innebdr att testpersonerna kan forflytta sig genom
rummen och anvinda sig av fler sinnen &n att endast iaktta en
datorskdrm (Thern, Hadzovic, 2014). Under den forsta delen
av projektet anvindes Oculus Rift Development Kit 1 (DK1),
dé det d4nnu inte fanns tillgang till Oculus Rift DK2 én. Infor
den andra delen av projektet inforskaffades Oculus Rift DK2,
som har samma funktioner som den forsta versionen men
béttre upplosning samt stdd for att f6lja huvudrorelser genom
en extra kamera. Den nya versionen av Oculus Rift anvidndes
sedan under hela utvecklingsfasen. Nér testen skulle provas
upptacktes det att det inte gick att ha skdrmen som
primirskdrm med den nya tekniken.

Dir av beslutades det i gruppen att gé tillbaka till den
forsta versionen av Oculus Rift for de resterande studierna da
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det endast gick att utfora testen med denna teknik.

3Ds Max éar en utvecklingsmiljo dir 3D-komponenter kan
skapas, som sedan anvédnds i andra miljder. I forsta fasen
anvindes 3Ds Max for att skapa den forsta roboten till pilot-
studien. Efter att pilottestet genomforts fanns det behov av en
bittre robot for de fortsatta studierna, vilket resulterade i att
en robot fran Unitys Asset Store importerades, Robot Kyle.

Den virtuella miljon importerades in till Unity redan fran
starten av projektet eftersom det skulle ta for lang tid att ska-
pa den fran grunden. Samtliga studier, under bade forsta och
andra fasen av projektet, har utforts i samma miljo.

I den virtuella projektetmiljon fanns det en robot som
testpersonerna fick interagera med. Miljder av detta slag an-
vinds for att ge anvédndaren en illusion av deltagande i en
artificiell miljo istéllet for att externt observera denna
(Rogers et al., 2011). Det ar viktigt att den virtuella miljon
efterliknar den verkliga i sa hog utstrackning som mojligt for
att pa sé sétt ge testpersonen en upplevelse av att den virtuel-
la miljon ar levande.

Teori

Det finns flera fordelar med att utfora tester i en virtuell
miljo istdllet for att sétta upp tester i fysiska miljoer. En
fordel kan vara att testledaren endast behdver fokusera pé att
hélla testet flytande for att inte stéra upplevelsen av en
levande milj6. Testpersonen har inte nagon visuell uppfat-
tning om den fysiska miljon som omger testpersonen vilket
medfor att denne inte reagerar pa eventuella ansiktsuttryck
eller gester som testledaren gor (Reeves, 2002). Nackdelarna
véger inte lika tungt som fordelarna, men bor éndé inte for-
bises helt. Ett exempel kan vara att sjdlva konceptet med
virtuella miljoer samt teknik som Oculus Rift fortfarande ar
relativt nytt och oként for ménga. For testpersoner som ar
helt obekanta med tekniken bor det raknas med att det finns
en inldrningsperiod som kan paverka testresultaten (Thern,
Hadzovic, 2014). For det hér projektet ar det darfor viktigt att
anvinda sig av testpersoner som inte dr obekanta med teknik
i den pilotstudien. Testpersonerna behdver inte ha anvint
virtuella miljoer tidigare, men ska snabbt kunna fokusera p&
projektets mal istéllet for att vara nyfikna pa vad tekniken
kan gora, vilket en icke teknikvan person som exempelvis
inte har anvént en dator skulle kunna vara.

Enligt boken “The Media Equation” gjordes en studie i
ett TV-program med personer som befann sig pé olika langa
avstand till kameran. Studien gjordes for att undersdka vem
tittarna framst kunde relatera till. Personen som stod nérmast
kamerorna upplevdes vara mest trovérdig, inte pad grund av
vad personen sade utan for att personen kdndes mer verklig
an de som stod langre bort (Reeves, 2002). Det hér skulle i s&
fall innebéra att testresultaten i en virtuell miljé skulle bli
mer lika resultaten fran en fysisk studie &n om enbart en
icke-tredimensionell skdrm skulle anvéndas. Detta skulle da
gynna den hdr studien, eftersom den genomfdrdes i en
virtuell miljo, ddr avstand paverkas mellan exempelvis robot
och testperson.

Testfaktorer

Den sociala regeln séger att méanniskor inte vill géra nadgon
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ledsen &ven om det innebér att denne fér ténja pa sanningen
lite. I det hdr projektet maste regeln tas i atanke i samband
med analysen eftersom den hér regeln kan paverka resultaten
av testerna. Nar testpersonerna, som inte har nagon koppling
till roboten forrdn de startar testen, far fragor kring vad de
tycker om roboten sé kan resultaten paverkas eftersom det &r
samma personer som skapat roboten som stiller fragan.
(Reeves, 2002)

I en verklig miljo finns det manga faktorer som paverkar
hur en person uppfattar en situation. Saker som avsténd, stor-
lek och farger &r alla viktiga aspekter som &r avgérande for
hur en person uppfattar och bildar &sikter om sin omgivning.
Exempelvis kan det upplevas obehagligt om en person star
for ndra under ett samtal, samtidigt som det kan kénnas
avldgset om personen star for langt ifrdn (Rogers et al.,
2011). En del av den hér studien kommer att undersoka hu-
ruvida avstandet till roboten upplevs péd liknande sétt i en
virtuell miljo.

I boken “The Media Equation” gjordes en studie pa hur
visuella nedskédrningar i media orsakar visuellt orienterade
svar hos testpersonerna (Reeves, 2002). Testet gick ut pa att
jamfora hur testpersonerna reagerade pa att till exempel ha
lag upplosning samt dndrade farger pad TV-skdrmar. P4 detta
sett kdndes bilden inte lika verklighetstrogen langre. Resul-
tatet var att folk borjade placera blicken pé olika stdllen och
lagga fokus pa andra saker dn de som hade béttre upplosning
och firg. Resultaten fran den studien dr nagot som bor tas till
hénsyn till i pilotstudien eftersom att det kommer att vara
délig upplosning och roboten inte kommer rdra sig som en
minniska.

De ursprungliga artiklarna

De tre artiklarna som replikeras i det hér projektet studerar pa
olika sitt hur manniskor reagerar pé robotar nir de interager-
ar med dem pé olika sitt. Nedan forklaras de tre artiklarnas
syfte, tillvigagingssitt samt vilka ménniska-robotinterak-
tionsparametrar som undersoktes.

Artikel 1: Don’t Bother Me: Users’ Reactions to Different
Robot Disturbing Behaviours

Studiens syfte ar att undersoka ménniskans tillit och reak-
tioner till en robot. Testet utfordes med serviceroboten
HOBBIT, vilket dr en robot som har framtagits i ett EU-
forskningsprojekt. Syftet med roboten &r att kunna hjilpa
dldre ménniskor i hemmet (Automation and Control Institute
Vienna University of Technology, n.d.). Testet innebar att
testpersonen skulle lokalisera huvudfiguren Waldo, som
skulle finnas pa fem olika stdllen pd en tavla (se figur 1).
Testpersonerna fick 10 minuter pa sig att utfoéra uppgiften.
Under testets gang ndrmade sig roboten testpersonen for att
hjalpa till. Testpersonen fick varje gang svara “ja” eller “nej”
pa om personen ville ha hjdlp av roboten. Roboten kunde
aldrig hjilpa testpersonen med uppgiften eftersom tva av de
fem figurerna inte fanns med pa bilden. Mellan fragorna fran
roboten gjorde roboten olika storande moment for att irritera
testpersonen samt paverka testpersonens koncentration.
Malet var att méta testpersonens reaktioner mot roboten och
kartldgga hur testpersonen svarade pd frdgorna samt hur



gester, rorelser och tonfall anvéndes. (Weiss & Vincze,

I
R "

, - L .{.'." "

Figur 1. Bilden visar Where's Waldo-bilden med 3 av 5

Waldofigurer borttagna.
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Artikel 2: Using Socially Assistive Human—Robot Interac-
tion to Motivate Physical Exercise for Older Adults

Syftet med detta test var att studera minniskors motivation
att utfora instruktioner beroende pa hur roboten tilltalar test-
personen och samtidigt indirekt kartligga hur méanniskor vill
interagera med robotar. Roboten gav testpersonen instruk-
tioner i form av ett fysiskt triningspass, dir testpersonen
skulle utdva instruktioner tillsammans med roboten. I den
forsta delen av studien var roboten neutral i sina repliker och
gav inga inspirerande/uppmuntrande ord. Efter det forsta
traningspasset fick testpersonen gora ett till trdningspass med
samma robot, med skillnaden att roboten nu var mer in-
spirerande och gav komplimanger till testpersonen. Efter att
testet var klart fick testpersonen svara pa fragor kring
roboten uppfattades under tréningspassen och om personen
mérkte nagon skillnad pé robotens beteende i de tva olika
momenten. (Fasola, Mataric, 2002)

Artikel 3: The Revised Set of Measures to Assess Users’
Attitudinal and Behavioral Responses to a Social Robot

Det hiér testet var en studie kring ménniskors personliga sfir.
Det gjordes tester pa hur testpersonen reagerade nir roboten
kom emot personen och vilka olika avstdnd som gav upphov
till en reaktion hos testpersonen. Syftet med den hir studien
var att testa om den personliga sfaren upplevs annorlunda
beroende pd om det &r ménniska-méanniska eller méanniska-
robot som interagerar. (Joosse, Sardar, Lohse, Evers, 2013)

Malsittning

Malet med projektet ar att med hjélp av en virtuell robot, i en
virtuell miljo, gora studier pd om det gér att replikera anvén-
dartester fran en fysisk miljo och fa likvérdiga resultat. De
anvindartester som utfors pa testpersonerna dr utformade pa
samma sitt som de ursprungliga anviandartesterna. Resultaten
fran anvindartesterna ska sedan jamforas med ursprungsar-
tiklarnas resultat for att kunna dra slutsatser kring hur resul-
taten liknar samt skiljer sig at. Férhoppningen ar att resultat-
en visar sig vara sd pass lika att det i framtiden ska vara
mojligt att gora pilotstudier i en virtuell miljé forst, innan det
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byggs fysiska robotar. Anvéndartesterna kan vara allt fran ett
underlag till hur exempelvis en robots gester, tal,
kroppssprék, utseende och rorelser bor implementeras. Om
det underlaget finns i ett sé tidigt skede som mojligt i utveck-
lingsprocessen kan det mojliggora reducerade resurskostnad-
er, detta eftersom att misstag med den fysiska roboten kan
undvikas da problem férhoppningsvis upptéckts i den virtuel-
la miljon forst. Med andra ord skulle den virtuella imple-
menteringen kunna liknas en Mid-Fi-prototyp som ska hjilpa
till att ge béttre resultat vid skapandet av Hi-Fi-prototyper.

Metod

Projektdel 1

Under den forsta fasen av projektet genomférdes en pilot-
studie fran endast en artikel, vars syfte var att skapa en béttre
grund infér den andra fasen av projektet. Bland annat tes-
tades tekniken for att fa en kénsla for vad som ar mojligt att
gora i en VR-miljo, men ocksaé testa hur testpersonerna inter-
agerade med tekniken. Resultaten fran testet skulle inte an-
véndas direkt vidare som material for att bedoma huruvida en
virtuell miljo dr anvéndbar for forskning och test inom inter-
aktion. Ddremot anvindes det for att bedéma vilka dndringar
som behovde goras i den virtuella miljon for att f4 miljon sa
pass verklighetstrogen att tester blir likvardigt genomforbara
1 den andra fasen.

Slutprodukten fran forsta fasen av kursen har sedan an-
vénts som en riktlinje for hur det slutliga testet ska utforas. I
forsta delen av kursen startades projektet upp i utveck-
lingsmiljon Unity dér en virtuell ldgenhet i 3D importerades,
konfigurerades sedan anvéndes for att utfora testerna pa test-
personerna tillsammans med en virtuell robot. Roboten ska-
pades i en annan miljo, 3Ds Max, som sedan importerades
till Unity. Lagenheten anvéndes sedan till den andra delen av
projektet men har fortsatt att utvecklas och forbéttras.

Projektdel 2

Det forsta steget i den andra fasen av det hér projektet var
att leta upp fler artiklar som sedan skulle replikeras till
testerna i den virtuella miljon. For att fA en mer réttvis bild
av testens resultat utokades testningen till tre olika test, med
varsitt testomrade, for tre olika studier. Det diskuterades om
vad fran de fysiska testerna som var realistiskt att hinna med
och vad som faktiskt skulle fungera att gora i den virtuella
miljon.

Forbdttringar av liigenhetsmodellen

Efter att malgruppen dndrats gjordes dven andringar av tidi-
gare designbeslut sa som fargval samt mobler. En del mdbler
och utrymmen i ldgenheten saknade fysiska egenskaper,
vilket gjorde att roboten delvis kunde dka igenom objekten.
Hela ldgenheten undersoktes, varpa egenskaper lades till pa
de objekt som saknade det. Utdver det lades mdbler till,
tapeterna och golvet dndrades for att forbattra den realistiska
kénslan i miljon.


http://link.springer.com/search?facet-author=%2522michiel+joosse%2522
http://link.springer.com/search?facet-author=%2522Aziez+Sardar%2522
http://link.springer.com/search?facet-author=%2522Manja+Lohse%2522
http://link.springer.com/search?facet-author=%2522Vanessa+Evers%2522

Figur 2. Bilden visar ldgenheten i utvecklingsprogrammet
Unity.

Robotforbittringar

Naésta steg var att skapa en helt ny, forbattrad robot med fler
funktioner och ett mer tilltalande utseende. I den forsta fasen
av projektet var roboten en cylinder med en bild pa sig for ge
den ett ansikte som testpersonerna skulle kunna relatera till.
Cylinderroboten kunde réra sig med hjélp av en tredje part
som styrde roboten via tangentbordet. For den andra fasen av
projektet undersoktes det vad for typ av robotar som fanns
tillgéngliga via Unity Asset Store, vilket dr en online mark-
nadsplats for utvecklingsmaterial till Unity. Malet var att
gora den nya roboten mer antropomorfisk, det vill sdga mer
manniskolik. Det valdes att anvédnda ett fardigt robotskal,
som sedan kunde anpassas efter det hér projektets mal, istdl-
let for att designa en robot fran grunden da varken kunskapen
eller tiden var tillricklig for det. Roboten som valdes heter
“Robot Kyle” (se figur 3 nedan) och &r en humanoid, med
fardiga leder och utseende.

Figur 3. Roboten Kyle i den virtuella miljén.

Att roboten har leder innebir att rorelser kan appliceras
pa roboten i Unity, vilket var viktigt dA de nya testerna
kridvde att roboten kunde gora fler rorelser dn forut. Till
roboten implementerades gangrorelser, stillastdende ani-
meringar samt tva interaktiva animationer. De interaktiva
animationerna bestod av en vinkning samt en hukande ani-

mation.

Figur 4. Robot Kyles tvd animationer (vinkanimationen
t.v.,den hukande animationen t.h.).

Arbetsmetodik
Parallellt med utvecklingen av miljon skrevs utférandet av
testerna.

Owrtery antew

../

Urdersite vins bumt o
TETAER AT DTty

Lmemchiing oy rodoe

1. Leta artiklar

2. Diskutera vad som var realistiskt att testa och hinna med

3. Diskutera skillnader fran forsta fasen av projektet, mal-
grupp forutséttningar och tidsestimat

4. Utveckla robot

5. Forbéttra lagenheten

6. Skriva tester och fragor utifran artiklar (se bilaga 2-4)

7. Skriva rapport

8. Handledarméten fortsatt veckovis

Motivering kring valen i VR-miljon

Miljon som testerna genomfordes i dr en lagenhet som é&r
avskalad och ljus men samtidigt trevlig for att anvidndarna
ska kénna sig bekvdima men samtidigt inte stdras av visuella
detaljer (G. Franz, M. Heyde, H.H. Biilthoff , 2005). Lagen-
heten har ett begrédnsad antal mdbler och en vagg dar “hitta
Waldo”-bilden som anvindes i ett av testen visas (se figur 5).
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Figur 5. Bilden visar Where's Waldo-bilden pd viggen i
testmiljon.



Under den forsta fasen av projektet tillbringades relativt
mycket tid &t inredning och mdblering av ldgenheten med
avsikten att testpersonerna skulle bli pdminda om ett fysiskt
hem. Det visade sig ganska snabbt att det inte var ndgon bra
idé da upplosningen var dalig och miljon medforde il-
laméende pa grund av den “pixliga” och fargglada lagen-
heten. Beslutet togs ddrmed att inte ldgga till mobler, forutom
nagra enstaka, samt att inte heller ldgga till nagra farger i
miljon dven om de vanligtvis ir en naturlig del av en liagen-
het. Det upptécktes under den forsta fasen av projektet att en
del av testpersonerna i borjan av testerna var fokuserade pa
att forstd Oculus Rift-tekniken snarare 4n testinstruktionerna,
beroende pd om de anvént Oculus Rift forut eller inte. For att
minsta risken for att testpersonerna skulle tappa fokus i bor-
jan av testet togs fler potentiella storningsmoment sdsom
inredningsdetaljer bort.

Den ursprungliga idén var att visa tavlan av Waldo i stu-
dien “Don’t bother me” i en naturlig storlek som testperson-
en kunde ha i hénderna, precis som det ursprungliga testet
utfordes. Tavlan kunde dock inte anvindas dd Oculus Rift
DKI1 inte kunde visa den med tydlig upplosning (1280 x
800). Déarav valdes en betydligt storre bild som placerades pa
en vagg istéllet likt en tapet. Bilden som valdes bidrog till
flera problem under pilotstudien, bland annat var det svart att
urskilja Waldo trots att bilden var stor. Med Oculus Rift DK2
blev bilden tyvirr inte bittre, sa istdllet valdes en mer
avskalad bild med tydliga kontraster. Uppgiften var fort-
farande att hitta Waldo, som nu var géomd pa olika stéllen pa
bilden. En annan forbattring var att anvéndaren nu kunde
huka och hoppa vilket gjorde att anvéndaren lattare kunde se
hela bilden.

Testpersonens robot har inte en kropp i den virtuella
miljon, det vill siga om personen tittar ner i ett forsok att
lokalisera sina fotter sa finns de inte dédr. Anledningen till
valet av att inte inkludera personens kropp i miljon var for att
det kan leda till att tekniken och miljon fick for stort fokus
under testet. Fallstudier har visat att en robotkropp gor det
lattare for en anvéndare att uppleva narvaron och framforallt
ger det personen ldttare att uppskatta langder i miljon. Det
ska dven tilldggas att mojligheten att rora kroppsdelar utdver
huvudet, s4 som armar och ben okar den hir nidrvaro dnnu
mer (Mohler, B.J, et al, 2010 ). Beslutet kan bidra till att per-
sonen upplever miljon som mindre verklighetstrogen vilket
kan ha paverkat testresultatet. Efter att ha undersokt moj-
ligheterna att implementera kroppsdelar i den virtuella
miljon, framkom det att det skulle vara alldeles for svart och
tidskrivande och det beslutades saledes att slopa imple-
menteringen av kroppsdelar trots den eventuella positiva
inverkan det skulle ha p& nérvaron.

I forsta fasen av projektet var formen pa roboten en
cylinder med en bild av en ménniska pa, da tiden var for
knapp for att arbeta fram en liknande robot som anvéndes i
det ursprungliga testet. P4 grund av robotens utseende kunde
roboten inte heller rora sig likt en ménniska, d& den istillet
svdvade fram i rummet. Unedr den andra fasen, nér inlarn-
ingsprocessen var avklarad, blev slutresultatet av roboten
mer likt en robot, med en kropp och ansikte mer likt en mén-
niska. Robotens funktioner var bland annat att ga (fram/bak/
diagonalt) likt en ménniska, hoppa, huka sig, vinka och néir
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ingen styrde gjorde roboten vaga rorelser som att vingla lite
eller kolla pa klockan som ménniskor gor. Anledningen till
att roboten inte skulle sta helt stilla utan géra sma ménnisko-
liknande rorelser var for att roboten skulle paminna mer om
en fysisk person istéllet for ett foremal.

Test

Efter att malgruppen blivit d4ndrad fran en dldre till en yngre
grupp borjade det att bjudas in testpersoner. For att inte fa en
allt for homogen testgrupp valdes det att kombinera testper-
soner med olika tekniska bakgrunder. Totalt utférdes testen
pd 10 personer, blandad konsfordelning i dldern mellan
22-304r. Framsta delen av testruppen blev klasskamrater till
gruppmedlemmarna da de var relativt l4ttillgdngliga. Men de
testades dven pa personer som inte studerade vid LTH. Valet
av de hir personerna bygger pa att d&ven de ar vinner till pro-
jektgruppen och kunde ténka sig att stdlla upp pa testerna.

Nér testpersonerna kom in till lokalen dér testerna ut-
fordes, VR-labet pa IKDC, vilkomnades de forst och sedan
fick samtliga testpersoner en lapp med en kort beskrivning av
testerna samt Oculus Rift. P& lappen fanns dven information
om att det fanns ett 6nskemél om att f4 filma testet for att
senare kunna analysera (se bilaga 1).

Efter det att testpersonerna last igenom forsta lappen fick
de en instruktion pa slumpmaéssigt valt test. Vid tvd av testen
stilldes fragor direkt efter testet var klart, under ett av testen
undersoktes reaktioner medan testet genomfordes. Nér ett
test och tillhérande fragor var klara fick testpersonen en ny
lapp med instruktioner, detta upprepades till alla tre test var
genomforda.

Under testen styrde en person roboten samt de ljudfiler
som skulle spelas upp, en person antecknade samt stillde
frégor och tva personer turades om att filma de personer som
gick med pa att bli filmade. Anledningen till att en person
styrde bade roboten och ljudet var for att det da var ldttare att
synkronisera robotens rorelser med ljudklippen vid rétt
tillfdlle, vilket annars skulle krdva mycket trdning for tva
personer att synkronisera tillsammans. Testpersonerna hade
horlurar pa sig i vilka robotljuden spelades upp, detta for att
ge testpersonerna en storre kénsla av att vara i en virtuell
miljo &n som tidigare i projektet dé ljudet kom fran rummet
dér testet utfordes.

Resultat

Don’t bother me

Alla tio testpersoner svarade forsta gangen roboten kom fram
till dem att de ville ha hjilp med att hitta Waldo pa bilden.
Niér roboten kom tillbaka andra gangen for att frdga om test-
personen ville ha hjélp med att hitta Waldo svarade nio per-
soner ja igen och endast en svarade nej (se bilaga 5).

Nedan visas testpersonernas svar:

Motivera hur dina tankar gick nir du svarade péd robotens
fragor beroende pa hur du svarade:

Om du svarade ja forsta och andra géngen.




- Jag visste inte vad jag annars skulle gora for jag klarande
inte uppgiften sjdlv s jag tinkte att jag lika gdrna kan prova
igen.

- Jag hittade inte Waldo sa roboten kanske kunde hjilpa mig.
- For att kdndes dumt att séiga nej

- Forst trodde jag den kan hjdlpa mig, kanske kunde roboten
kunde se mer av bilden. Testade om den kunde hjélpa mig en
andra géng.

- Vet inte, det fanns inte s& mycket annat att gora.

- Jag visste inte vad jag annars skulle gora for jag kunde inte
klara testet sjélv.

- Jag ténkte att han kanske var programmerad att inte géra
exakt samma sak en géng till.

- Vet inte vad jag istdllet skulle gora?

- Jag klarade uppenbarligen inte att klara detta pa egen hand,
sé det kdndes som det var min dnda rdddning.

Om du svarade ja forsta och nej andra géngen.
- Forst hittade jag inte Waldo s& da kanske roboten kunde
hjélp. Men andra géngen visste jag att han inte skulle kunna.

Using Socially Assistive Human-Robot Interaction to Moti-
vate Physical Exercise for Older Adult

I delen da roboten var neutral och inte gav uppmuntrande ord
svarade tre testpersoner att roboten var fin, tre tyckte roboten
var enformig/trakig och en tyckte att roboten var obehaglig
nér de blev tillfraigade om vad de tyckte om roboten. Anled-
ningen att roboten upplevdes som obehaglig var pa grund av
hans réda 6gon.

Nedan visas testpersonernas svar:

Vad tyckte du om roboten?

- Jattefin och rorde sig bra.

- Gor massa rorelser nir den inte gor nagot alls. Han kollar
exempelvis pa klockan. Vet ej om det ar bra eller daligt.

- Enformig.

- Ingen skillnad, det var sékert ndgot men jag mérkte inget.

- Lite svart att vet om han vill att jag ska svara eller inte.

- Jattefin och rorde sig bra.

- Fin, for bra rorelser som ér latta att folja. Rolig rost.

- Bra men ganska ensidig.

- Den var fin men ganska trakig.

- Fin att titta pa men sag ganska obehaglig ut med sina roda
ogon

- Pa frdgan om hur de hade upplevt testet svarade merparten
att testet var létt och kul.

Hur upplevde du testet?

- Svart, forvirrande.

- Fruktansvirt forvirrande.

- Forvirrande.

- Intressant att géra men irriterande nir man inte hittade
Waldo.

- Svart, ganska svért att styra och leta och samtidigt veta vad
man ska leta efter.

- ”Ganska svart och forvirrande.

- Svart test, hittade inte ndgot Waldo.

- Hittade aldrig Waldo, fanns han ens med pa tavlan?

- Roligt att testa Oculus men uppgiften var svar.

- Egentligen roligt men jag madde lite illa efter ett tag.

- Niér roboten var positiv mot testpersonen svarade fem per-
soner att roboten var snill, tre tyckte att det blev roligare, en
blev upplevde roboten som irriterande, tvé tyckte att han var
fin och en markte ingen skillnad.

Vad tyckte du om roboten?
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- Mycket battre &n forsta gangen for han var mycket snéllare
i det hér testet. Det blev roligare att gora rorelserna.

- Bra robot, snéll. Irriterande att han tar pa sig sjidlv hela
tiden.

- Bittre, han gav mig komplimanger

- Vinlig, vilkomnade mig, tydliga instruktioner.

- Ingen skillnad.

- Jattefin robot.

- ”Fin robot, roligt att f6lja honom.

- "Mycket roligare nér han gav mig komplimanger.

- ”Han verkade snill, man ville se mer av vad han kunde
gora.

- Snéll, rolig.

- P4 frdgan hur upplevde du testet var merparten mycket mer
positiva och tyckte att denna del var betydligt roligare.

Hur upplevde du denna del av testet?

- Mycket roligare att gora testet denna gangen.

- Mycket béttre och han var snéll. Mer feedback . Bra, om
jag skulle statt upp sa hade jag kunnat fa motion men nu satt
jag ner.

- Kul. Skillnad fran forsta.

- Latt, simpla instruktioner.

- Ingen skillnad fran forsta delen.

- Roligt test, man blev motiverad att f6lja.

- Snillare och verkade trevligare.

- Bara bra, verkade vara en snill robot.

- Latt och roligt att folja.

- Bra, roligt att gora rorelserna.

The Revised Set of Measures to Assess Users Attitudinal
and Behavioral Response to a Social Robot

Under detta test iakttogs det hur testpersonerna reagerade nér
roboten var vildigt ndra testpersonen. Nér roboten nirmade
sig flyttade sig sex stycken av testpersonerna, fyra av dem till
vanster och tvéa backade bakat (se bilaga 6).

Under testets gang undersoktes hur vil nedanstiende
pastdende stdmde Overens med testpersonens reaktioner och

rankade de hér iakttagelser pé skala mellan ett och fem.

Nedan visas testpersonernas svar:

1 12(3(4]5
The participant looked dis- | 10
gusted
The participant looked angry | 10
The participant looked hap- |6 |4
py
The participant looked sur- 4 (511
prised
The participant looked sad 10
The participant looked 3 |52
scared
Diskussion

Mainniska-robotinteraktion i en VR-milj6é genom Oculus Rift
ar ett relativt outforskat omrade, och nagot vi inte har stott pa
forut. Den naturliga foljden blir séledes att projektutvecklin-



gen drivs mycket av trial & error for att utforska vad som ar
mgjligt, vad som fungerar och hur det fungerar bast. Projek-
tet har medfort mycket erfarenheter som vi redogér for
nedan. Vér forhoppning ér att framtida studier inom det hir
omradet kan dra nytta av vara erfarenheter, och undvika de
féllor vi har hamnat i.

I fortséttningen hade det nog underléttat for framtida pro-
jektgrupper att ha atkomst till vart och grupp 13s projekt da
vi upplevde en hog inlérningstroskel med Unity, 3Ds max
samt Oculus Rift. Med ett fardigt “enkelt” projekt att titta pa
kan det forhoppningsvis bli léttare att forstd hur de olika
komponenterna i Unity kan anvéndas. Trots att det finns
manga bra guider pa internet kan det bli for mycket tid med
implementering i teoriorienterade projekt.

Grupprocessen

Var grupprocess dndrades markant under den andra projek-
thalvan. Efter forsta fasen analyserade vi tillsammans med
vara handledare problem i vart arbetssétt. Vi skrev déarfor ner
ett maldokument infor andra fasen med en konkret plan for
att forbattra var grupprocess, vilket vi hoppades skulle
drastiskt forbattra vért arbete i grupp som helhet.

Processforbéttringen borjade med att vi Overgav ar-
betssdttet med parallellt arbete inom olika projektomraden,
vilket i forsta fasen ledde till att gruppmedlemmarna inte
hade en inblick pa vad de andra gjorde. Istéllet inforde vi
fasta tider dé& vi satt tillsammans i grupp och arbetade sam-
tidigt inom ett omrade, men med parallella processer inom
det omréadet. Vi satt exempelvis med utveckling i Unity en
dag kunde tva personer jobba med ldgenheten och roboten
samtidigt som de tvd andra arbetade med testerna med
varandras arbete i1 dtanke. Vilket ledde till att testerna battre
foljde utvecklingsmiljons kapacitet, samtidigt som utveck-
lingsmiljon anpassades for testerna. Utover det arbetade vi
med personliga loggbdcker som vi sedan diskuterade i grupp,
sé att alla visste vad de andra i gruppen tyckte, vad de hade
gjort i veckan samt vad de skulle gora nista vecka. Det un-
derlittade dessutom for gruppledaren vid inskickning av
grupploggboken infér vara handledarméten varje vecka. Vi
inforde dven en social aktivitet varje vecka for att dels kunna
prata om icke-projektrelaterade saker sd att vi skulle vara
mer fokuserade nér vi vil arbetade med projektet, men dven
for att ldra kdnna varandra battre.

Det utokade arbetet med grupprocessen upplever vi har
forbattrat vart arbete avsevart, prestationsméssigt savil som
det har haft positiva effekter pa hur gruppdynamiken har
upplevts. Fasta arbetsdagar tvingar alla gruppmedlemmar att
fokusera pa projektet de dagarna, vilket kan vara ett problem
annars om alla ldser olika krdvande parallella kurser. Vi har i
de hér tva projektkurserna upptackt hur viktig en bra grup-
process dr dven om gruppmedlemmarna kdnner varandra
sedan innan, vilket vi gjorde, om inte dn viktigare for grupper
som faktiskt kidnner varandra &n for obekanta. Det kan bero
pa att alla anstranger sig lite extra for att ldra kdnna varandra
och samarbeta om personerna i gruppen inte kdnner varan-
dra. Vi ér overlag viéldigt ndjda med hur utvecklingen har
gatt fran projektets start i forsta fasen till slutet av projektet i
andra fasen och vi hoppas vi kan dra nytta av det vi har lart
oss om grupparbeten i framtida projekt.
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Val av artiklar

Artiklarna som valdes var tvungna att uppfylla tvd kriterier,
tidsestimeringen pa projektet och méjligheterna i VR-miljon.
Ett krav pé artiklarna var att det skulle finnas en spridning pa
vad testen mitte fast att testens utformning inte skiljde sig
allt for mycket for att fortfarande uppfylla tidsestimeringen.
Anledningen till att det skulle finnas s& bred spridning pa
testen som mojligt var for att fa en sa réttvis jaimforelse med
ursprungstesten som mdjligt. Om det hade varit liknande
studier med liknande resultat s hade det varit svérare att
svara pa syftet med det hdr projekt; om det gér att ersitta
studier med VR-miljder.

Det valdes tre skilda studier som skulle replikeras i en
VR miljé. Av artiklarna som valdes var den forsta en studie
som testade tilliten till en robot, i den andra studien gors en
métning kring den personliga sfaren och i den tredje studeras
det hur robotar ska agera och tala for att det ska vara
bekvamt f6r manniskor att interagera med dem.

Val av milj6 och robot

Den f6rsta roboten som anvéndes, i forsta fasen, var en
vit cylinder, med en paklistrad bild av en man. Cylindern
sviavade ovanfor marken, rorde sig onaturligt snabbt och lik-
nade inte en robot. Nér vi forbéttrade miljon och roboten
under andra fasen, borjade vi darfor om helt med roboten. Da
vi ville ha en sé verklighetstrogen robot som méjligt, och inte
kunde skapa det sjélva, borjade vi titta i Unity Asset Store
efter alternativ. Asset Store har ménga bra modeller, men de
kostar oftast pengar, vilket vi inte hade nagra. Det fanns dock
en gratis robotmodell, Roboten Kyle. Modellen stimde in pa
vara 6nskemal da den var relativt antropomorfisk dé skelettet
liknade en ménniskas samt att den kunde ga och rora pé ar-
mar, huvud etc. Robotmodellen hade dock roda dgon, vilket
oroade oss lite da det oftast forknippas med ondska i filmer
och spel. Vi fann dock att de positiva aspekterna dvervigde
den negativa, dessutom upplevde vi att den laga upplosnin-
gen i VR-miljén gjorde att de rdda ogonen inte var lika
markanta som vi forst befarade.

De rorelser och animationer som valdes himtades fran ett
gratis motion capture-bibliotek frdn Asset Store. Animation-
erna skapades sedan utifran de animationsklipp som fanns i
biblioteket. Det ledde till att roboten inte rorde sig riktigt
som vi ville nir den gick framét, men da alternativet var att
gdra egna motion capture-animationer anvande vi de som
fanns, och anpassade de efter vara &ndamal sa gott det gick.

Den légenhet vi importerade passade vart &ndamal, da det
enda vi egentligen behdvde var ett rum med en vigg. Istdllet
fokuserade vi pé att konfigurera den fardiga ldgenheten sé att
golv, viggar och mobler skulle vara sd subtila som mojligt
for att de inte skulle paverka testet pga. att testpersoner dis-
traheras. I det riktiga testet med Waldo haller testpersonen i
bilden och visar den sedan for roboten, men i det hér projek-
tet sattes Waldo-bilden upp pé en végg. Det beslutet togs dels
for att det var svart att implementera en flyttbar bild men
dven for att reducera antalet funktioner som testpersonerna
behdvde ldra sig for att klara av testet.

Testens utforming

I testet som involverade att hitta Waldo, byttes bilden ut mot



en annan bild med bittre uppldsning. Aven den nya bilden
var en bild med fyra stycket Waldo-figurer (fast testpersonen
trodde det var fem). Att bilden byttes ut mot en annan spelar
ingen roll for testets syftes skull. Dédremot hade det haft en
stor paverkan pé resulutatet om bilden inte bytts ut, eftersom
testpersonen da ansett att uppgiften var omojlig och antagli-
gen bara gett upp.

Resultat frdn testen

Syftet med detta projekt var att jamfora resultaten som ut-
gavs fran projektets test med resultaten fran de ursprungliga
testen. Testresultaten var véldigt lika i samtliga deltest.

I artikeln “Don’t bother me” kom forfattaren fram till att ca

80% av testpersonerna svarar att de vill ha hjdlp bada
gingerna av roboten fast att de stor sig pd den. Dessutom
svarade de flesta personerna i testet att fast att de vet om att
roboten inte kunde hjélpa dem si hade de svarat samma sak
om de gjort om testet. I det replikerade testet var det sju av
tio personer som svarade att de skulle tagit emot hjélp fran
roboten i efterhand fast att samma personer var medvetna om
att roboten skulle svara samma sak som i det forsta testet,
vilket &r vildigt néra resultaten av det ursprungliga testet. I
bada testfallen svarade testpersonerna att anledningen till att
de valde att ta emot hjilp fran roboten en andra géng, var
oftast eftersom att testpersonen inte visste hur de annars
skulle 16sa uppgiften. Vissa trodde dven att roboten kanske
var programmerad med flera funktioner och att om-
standigheterna kanske hade @ndrats undan att de lade mérke
till det.

Det ar tydligt att testpersonerna blev irriterade pa roboten
under testets gdng men dndéd svarade positivt i fragor efter
testerna angdende roboten. I ursprungsstudien var det
forskarna av projektet som stillde frdgorna om vad testper-
sonerna tyckte om roboten. Det uppstar da en situation dér
forskarna far ett indirekt dgarskap till roboten, &ven om i
sjdlva verket inte ar de som &ger roboten och inte heller har
skapat den. Dérfor borde “den sociala regeln” appliceras i
bada testen. I detta projekt kan behover inte regeln tas han-
syn till eftersom projekts syfte dr att jaimfOra resultaten av
testen dar “den sociala regeln” i bada fall uppstar.

Det var flera test som utfordes i studien “Using Socially
Assistive Human—Robot Interaction to Motivate Physical
Exercise for Older Adults” och i detta projekt valdes tva av
dessa test att utforas for att sedan jamforas. I forsta delen av
den ursprungliga studiens test mottes testpersonerna av en
robot som var vildigt positiv, uppmuntrande och tillgiven
mot testpersonerna. Ett exempel pé detta var att den kallade
testpersonerna vid namn och gav uppmuntrade ord till dem
ndr de utforde ovningarna. Efterat, nér testpersonerna fick
frdgan vad de tyckte om robotens beteende var det en vildigt
positiv respons. Testpersonerna uppskattade de uppmuntrade
orden och upplevde testet som nagot roligt och positivt.
Samma resultat utgavs fran detta projekts test med liknande
uppmuntrande robot. Bland annat svarade testpersonerna att
roboten var “snéll och verkade trevlig” och “roligt test, man
blev motiverad att folja”. I ursprungstestet gav testpersonerna
ganska negativa svar angdende vad de tyckte om robotens
instruktioner ndr den “neutrala” roboten skulle visa och
berétta om de olika 6vningarna. Det resultat gavs ocksa i det
replikerade testet. Dock var det inte lika stora skillnader i
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svaren som i det ursprungliga testet. Detta kan bero pa att
testpersonerna inte kunde utdva rorelserna fysiskt, utan en-
dast styrde sig i samma rorelse med hjdlp av tangenterna i
den virtuella miljon. Om Oculus rift DK2 hade fungerat,
hade testet kunnat utforande stdende av testpersonerna istél-
let for att utfora rorelserna sittandes med tangentbordet. Det
hade da troligtvis gjort en storre skillnad pad de tva olika
testerna (med den positiva och neutrala roboten) och det hade
sannolikt gett mer likvérdiga resultat till det ursprungliga
testet.

I studien “The Revised Set of Measures to Assess Users’
Attitudinal and Behavioral Responses to a Social Robot” var
resultaten ganska negativa emot roboten. Testpersonerna var
ganska Overens om att robotens ndrhet kéndes inkriktande
och néstan lite hotfullt. Detta resultat var likvardigt med om
en verklig person hade varit lika nérgangen testpersonerna. I
det replikerade testet var reaktionerna inte lika starka. Ménga
testpersoner ansag att robotens nirvaro kunde vara lite obe-
haglig men négra av dem valde &nda inte att flytta pa sig.
Detta kan bero pa miljons upplosning som inte var fullt lika
bra som tdnkt. I boken “The media equation” gavs ett exem-
pel pa hur testpersoner reagerade olika pa beroende hur bra
kunde relatera en tv-skérm till deras verklighet. De som satt
langre ifrdn upplevde bildskdrmen som mindre levande &n de
som satt ndrmre. Med andra ord, hade den virtuella miljon
haft en béttre upplosning och verkat mer trovirdig hade an-
tagligen testpersonerna reagerat starkare pa robotens nérvaro,
precis som de gjorde i ursprungstestet. Nar personens ansikt-
suttryck studerades var det méanga saker som var svara att
lasa av jamfort med om hela ansiktet pa testpersonen hade
varit synligt. Mé&nga uttryck syns i 6gonen, vilka var tickta
av Oculus rift-utrustningen. Daremot kunde fortfarande min-
erna som testpersonerna gjorde ses, vilka var liknande de i
ursprungstestet: nagot obehag, inte sd mycket glada miner
och ménga som drar sitt huvud ifran skdrmen dven om den
rorelsen inte gjorde nagon skillnad i den virtuella miljon. 1
den virtuella miljon flyttar endast tangentbordet testperson-
ens karaktir och dérfor hdnde inget om testpersonerna till
exempel ryggade tillbaka. Om uppldsningen hade varit béttre
hade antagligen samma testpersoner valt att flytta sin robot i
samma riktning som de gjorde fysiskt eftersom de dé haft
mer verklighetsforankning i den virtuella miljon.

Slutsats

Resultaten i den hir studien var vildigt lika de resultat
som ursprungsartiklarna hade. De resultat som skiljde sig
frén ursprungsstudien berodde antagligen péa utrustningens
bristande kapacitet och inte pa utformingen av testen. Det
finns moment som kan vara svara att replikera sdsom exem-
pelvis fysisk beroring. Samtidigt har det hér projekt visat att
det finns valdigt manga delar inom HRI som kan utforas i en
artificiell miljo. Utifrdn de hér resultaten har vi dérfor dragit
slutsatsen att ménga test & mdjliga att utfora i en virtuell
miljo.
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Bilagor

Bilaga 1.

Introduktion innan testen pa borjades

Introduktion:

I de hér tre testen ska du utforska en virtuell miljo med
hjélpa av Oculus rift *. Med hjélp av utrustningen kommer
du att far en kénsla av att befinna dig i en annan milj6. I
den hir miljon kommer det &ven att finnas en robot som
kommer fungera som ett hjalpmedel for dig.

Du kan nér som helst avsluta testet utan att motivera ditt
beslut. Vi kommer att spela in testet i syfte av att kunna
analysera resultaten senare. Filmerna kommer inte att an-
vindas utanfor detta projekt. Genom att signera hér god-
kénner du att vi spelar in testet:

*QOculus rift 4r teknologiska glaségon som visar en virtuell
tredimensionell miljo. Det betyder att inget frdn den verk-
liga miljon visas.

Bilaga 2.
Test samt fragestédllningar

Test Don’t bother me:

Instruktion: Du kommer i denna milj6 befinna dig i en
virtuell miljé6 med en robot. Din uppgift i detta test ar att
hitta en figur, Waldo, pé en tavla som finns i den virtuella
miljon. Waldo finns pé 5 olika stdllen pa tavlan, och din
uppgift ar att hitta alla dessa. Du far bara svara ja eller nej
pa fragor som roboten stiller och far inte heller kommu-
nicera med testledaren under testet. Vinligen ta pa dig
Oculus rift utrustningen och starta testet nér du ar redo.

Tillvigagingssitt:

1. Testpersonen ldser introduktionen till testet.

2. Testpersonen tar pa sig utrustningen (Oculus rift) och
navigerar sig fram till Waldo-véggen.

3. Efter 3 minuter kommer roboten fram till testpersonen
och sédger “Detta dr ett svart test, 2 minuter av 5 minuter
har redan gatt”.

4. Efter ytterligare 2 minuter kommer roboten fram till
anvandaren igen och sdger: “Kan jag hjdlpa dig att hitta
Waldo”. Om testpersonen svarar “nej”, svarar roboten
“okej”. Om testpersonen svarar “ja”, svarar roboten “Kan
du vara sndll och flytta dig dt sidan sd jag ser bdttre”.
Sedan efter 10 sekunder séger roboten “Jag kan tyvdrr inte
hitta Waldo” och gar dér ifran.

5. Efter 1 minut kommer roboten fram igen och steg 4
upprepas.

6. Testet &r slut och testpersonen far ta av sig utrustningen
och fér svara pa fragor av testledaren (se bilaga).

Fragestillning till “Don’t bother me” EFTER testet
“Don’t bother me”:

Hur upplevde du testet?

Vad tyckte du om roboten?

Hjélpte roboten dig att uppna ditt mal?

Hur upplevde du testet?

Vad tyckte du om roboten?

Hjélpte roboten dig att uppna ditt mal?

Motivera hur dina tankar gick nér du svarade pa robotens
fragor beroende pé hur du svarade:
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Om du svarade ja forsta och andra gangen.

Om du svarade ja forsta och nej andra géngen.

Om du svarade nej forsta och ja andra géngen.

Om du svarade nej forsta och nej andra gangen.

Med facit i handen, hade du svarat annorlunda om du gjort
om testet?

Bilaga 3.

Test Using Socially Assistive Human-Robot Interac-
tion:

Instruktioner: Du kommer under detta test befinna dig i en
virtuell miljo med en robot. Du ska i detta test utdva ett
kort tréningspass (med nagra icke-anstrdngande rorelser)
med roboten som instruktér. Du kommer att sitta framfor
datornskédrmen med Oculus rift utrustnignen pé dig. Testet
ar uppdelat i tva olika delar, vanligen behall utrustningen
pa dig under hela testet.Nar roboten ger dig en instruktion
ska du folja rorelsen med hjélp av tangentbordet. Ta pa dig
Oculus rift utrustningen och invénta robotens instruktion-
er.

Studie baserad pa “Using Socially Assistive Human—Ro-
bot Interaction to Motivate Physical Exercise for Older
Adults”

Testpersonen far inte ta av sig utrustningen i mellan testen
fast att testet dr uppdelat i tvd delar. Roboten kommer att
informera testerpersonen ndr testdel 1 startar och testdel
2 startar. Utan inbordes ordning ska roboten vara positiv
under ena delen av testet och neutral under andra delen.
Den del dir roboten dr positiv ska den ge berém samt
uppmuntrade ord till testpersonen. Den del ddr roboten dr
neutral ska roboten vara mer saklig och inte ge berém
eller uppmuntrande ord.

Tillvigagangssitt:

Testpersonen fér inte ta av sig utrustningen under testet
fast att testet dr uppdelat i tva delar. Roboten kommer att
informera testpersonen nér testdel 1 startar och testdel 2
startar. Utan inbordes ordning ska roboten vara positiv
under ena delen av testet och neutral under andra delen.
Den del dér roboten &r positiv ska den ge berdm samt
uppmuntrade ord till testpersonen. Den del dér roboten &r
neutral ska roboten vara mer saklig och inte ge berdm eller
uppmuntrande ord.

1. Testpersonen ldser introduktionen till testet om “trén-
ingsspelet”.

2. Testpersonen tar pa sig utrustningen (Oculus rift) och
véntar in robotens instruktioner.

3.Roboten star mittemot testpersonen och sager “Hej”.
Testdel 1:

4.Roboten sédger: “Nu bérjar forsta delen av testet. Folj
mina instruktioner”

5.Roboten sdger "Gd framdt och tillbaka igen”. Samtidigt
kommer roboten g& fram och tillbaka sa fi4 steg som
mojligt.

6. Roboten sdger ”Ga snett framdt”. Samtidigt kommer
roboten ga snett framat och tillbaka.

Testdel 2

8.Roboten sdger “Nu borjar andra delen av testet. Folj
mina instruktioner.”

9. Roboten sdger "Gad snett framdt”. Samtidigt kommer
roboten ga snett framat och tillbaka.

10.Roboten sédger “Bra gjort!””



13.Roboten sdger ’Gd framdt och tillbaka igen”. Sam-
tidigt kommer roboten gé fram och tillbaka sa fa steg som
mojligt.

14.Roboten sdger “Du kan ju det hir”

14.Roboten sédger “Jdttebra, nu dr testet slut, tack sa my-
cket”

Fragestillning till “Using Socially Assistive Human-
Robot Interaction:” EFTER test

Hur upplevde du den ena delen av testet (inte peppande
och inte glad)?

Hur upplevde du roboten i detta deltest?

Hur upplevde du den ena delen av testet ( peppande och
glad)?

Hur upplevde du roboten i detta deltest?

Bilaga 4.

The Revised Set of Measures The Revised Set of Mea-
sures to Assess Users:

Instruktioner: I denna miljo kommer du befinna dig i en
virtuell milj6 med en robot. Du ska i detta test endast folja
testledarens instruktioner (personen som sitter brevid dig
under testet). Vénligen ta pa dig Oculus rift utrustningen
och invénta testledarens instruktioner.

Tillvigagangssitt:

1. Testpersonen lédser instruktionen till testet om “Behav-
ioral responses”.

2. Testpersonen tar pa sig utrustningen (Oculus rift) och
véntar in robotens instruktioner.

3.Roboten stér en bit ifrén testpersonen och halsar pa test-
personen (Hej, kompis/)

4.Sedan dker roboten fram till testpersonen sa att den star
sidan om testpersonen, men fortfarande sé att testpersonen
kan se roboten (mindre dn 45cm ifrdn) och testledaren
fragar om testpersonen tycker att det dr obehagligt nér den
star s& nira. (ddr stannar roboten tills testet &r slut utan att
rora sig)

Fragestillning till “The Revised Set of Measures to As-
sess Users’ Attitudinal and Behavioral Responses to a
Social Robot”

Testpersonen svarar pa skala 1-5 hur de upplevde roboten.
(1 = inte alls, 5=véldigt obehagligt).

Anteckningar (av testledaren) under testets gang:

-Tar testpersonen nagot steg at nagon riktning?

-1 sa fall, hur ménga steg?

- I sé fall, at vilket hall gick testpersonen at?

-At vilket hall star testpersonen? (Star den kvar eller vinta
ansiktet emot roboten)

-Riktade testpersonen ndgon géng blicken &t nigot annat
héll 4n roboten?

-Vilken av f6ljande punkter stimmer bést in pa testperson-
ens ansiktsuttryck (skala 1-5):

The participant looked dis-
gusted

The participant looked angry

The participant looked happy
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The participant looked sur-
prised

The participant looked sad

The participant looked scared

Resultat av testen:

Bilaga 5.
Fragestillning samt resultat till “Don’t bother me”:

Hur upplevde du testet?

Svart, forvirrande.

Fruktansvért forvirrande.

Forvirrande.

Intressant att géra men irriterande ndr man inte hit-
tade Waldo.

* Svért, ganska svért att styra och leta och samtidigt
veta vad man ska leta efter.

Ganska svart och forvirrande.

Svért test, hittade inte nagot Waldo.

Hittade aldrig Waldo, fanns han ens med pé tavlan?
Roligt att testa Oculus men uppgiften var svar.
Egentligen roligt men jag médde lite illa efter ett tag.
Vad tyckte du om roboten?

*  Kunde inte hjélpa mig, vet inte riktigt varfor han var

dar?
*  Inkompetent.
*  Virdel6s.

*  Okej men hjilpte mig inte s& mycket. Kunde inte
klara uppgiften. Jag var inte i vigen men dnda ska
jag flytta pd mig. Lagenheten var fin.

Inte sa trevlig.

Virdelos.

Virdel6s robot.

Fin robot men han kunde ju inte hjdlpa mig med

uppgiften.

*  Han gjorde inget for att hjalpa mig, vet inte riktigt
varfor han fragade mig tvd ganger nir han uppen-
barligen inte kunde hjélpa mig.

*  Kul att titta pdA honom men han ség lite laskig ut.

Hjélpte roboten dig att uppnd ditt mél?

*  Nej, inte alls.

Nej.

Nej .

Ne;j.

Nej det tyckte jag inte.

Nej, inte alls.

Nej.

* Nej.

Motivera hur dina tankar gick nér du svarade pd robotens

fragor beroende pé hur du svarade:

Om du svarade ja forsta och andra géngen.

* Jag visste inte vad jag annars skulle gora for jag
klarande inte uppgiften sjélv sa jag tinkte att jag lika
gérna kan prova igen.

*  Jag hittade inte Waldo sa roboten kanske kunde hjal-
pa mig.

*  For att kindes dumt att séga nej

*  Forst trodde jag den kan hjélpa mig, kanske kunde
roboten kunde se mer av bilden. Testade om den
kunde hjilpa mig en andra gang.

* Vet inte, det fanns inte s mycket annat att gora.

Jag visste inte vad jag annars skulle gora for jag

kunde inte klara testet sjilv.




*  Jag ténkte att han kanske var programmerad att inte
gora exakt samma sak en gang till.

* Vet inte vad jag istéllet skulle gora?

*  Jag klarade uppenbarligen inte att klara detta pa egen
hand, sé det kidndes som det var min dnda rdddning.

Om du svarade ja forsta och nej andra géngen.

*  Forst hittade jag inte Waldo s& da kanske roboten
kunde hjélp. Men andra gangen visste jag att han inte
skulle kunna.

Om du svarade nej forsta och ja andra géngen.

Om du svarade nej forsta och nej andra gangen.
Med facit i handen, hade du svarat annorlunda om du gjort

om testet?

*  Nej, jag tror inte det.

*  Ja, jag hade svarat ja forsta gdngen och nej andra for
det fanns inte mer att gora det.
Ja.

Ja.

Nej det tror jag faktiskt inte.
Ja.

Ja.

Ja.

Ja.

Nej.

Bilaga 6.

Test The Revised Set of Measures to Assess Users:

Hur upplevde du roboten?

Testpersonen svarar pa skala 1-5 (1 = inte alls, 5=vildigt

obehagligt).

®* 2, det var inte sd obehagligt men var lite konstigt.
Det kéndes som han var lite for néra.

* 2, Stod for ndra och gick emot mig. Stillde sig dér
jag inte sdg han ordentligt vilket var lite konstigt.

* 1, inte alls obehaglig

* 4 obehagligt, han utmanade mig. Han stod lite for
néra och var langre dn mig.

* 3, kommer lite for ndra déarfor lite jobbigt. Men inte
helt avskrickt eftersom han sa Hej kompis™.

* 3, kénde som han stod for ndra mig.

* 3, Han sag lite obehaglig ut, som att han ville utmana
mig.

. 1, Ganska obehaglig, man ville inte att han skulle sta
s nira mig.

* 4 Inte sé farligt obehagligt men jag ville inte att han
skulle vara sa nira som han var. Lite mer obehagligt
nér han gick emot mig &n nér han bara stod dir. Man
visste liksom inte vad som skulle hdnda nér han gick
emot mig.

* 3, Obehagligt, speciellt for att han var lite ldngre dn
mig s kinde man obehag.

Anteckningar (av testledaren) under testets gang:

Tar testpersonen nigot steg &t ndgon riktning (i miljén)?

. Ja, backar snett dér ifran.

*  Jagar dar ifran.

. Ja, at andra hallet.
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Nej.
Nej.
Ja, gar dérifran.
Ja, gér ifran roboten.
Nej.
Nej.
Ja.
I sé fall, hur manga steg?
Gar ca 3 steg runt om roboten
Gaér runt i rummet i en cirkel
5 ca steg at ena hallet.
Inga steg
Inga steg
Backade bort fran roboten ca 3 steg.
3 steg fran roboten i sidled.
Inga steg.
Inga steg
Backade fran roboten ca 3 steg.
sa fall, 4t vilket hall gick testpersonen at?
At vinster nir roboten kom frin hoger sida.
At vinster sedan rakt fram. Roboten kom fran test-
personens hogra sida.
At vinster nir roboten kom frén hoger sida.
Gick inte dar ifran.
Gick inte darifrén.
Backade bort fran roboten ca 3 steg.
At vinster. Roboten kom frin testpersonens hdgra
sida.
* Gick inte dérifran.
* Gick inte dér ifran
*  Backade ifrén roboten, ca 3 steg.
At vilket hall star testpersonen? (Stir den kvar eller vinta
ansiktet emot roboten)
Med ansiktet mot roboten.
Stér inte stilla, gér runt i en cirkel.
Med ansiktet mot roboten.
Med ansiktet mot roboten
Med ansiktet mot roboten
Med ansiktet mot roboten.
Med ansiktet mot roboten.
Med ansiktet emot roboten.
Med ansiktet mot roboten
Med ansiktet mot roboten
Riktade testpersonen ndgon gang blicken at ndgot annat
hall 4n roboten?
* Nej.
Ja.
Nej.
Ja, runt om roboten.
Ja, vinde blick fran roboten.
Nej.
Nej.
Nej.
Ja, vdnde blicken runt robot.
Ja, vdnde blick fran roboten.
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Do you Trust me NAO?

Measuring the effect of anthropomorphic behavior on seniors’ trust in a social robot

Amanda Bjernestedt, Mikael Graborg, Josefin Karlsson, David Sivén
engl0abj@student.lu.se, dicl Imgr@student.lu.se, diclljka@student.lu.se, ilh08dsi@student.lu.se

In the near future humans will most likely be more and more
dependent on robots and see them a natural part of everyday
life. With an aging population and more people in the need of
elder care, the demand for robots that can take care of tasks
performed by humans, is necessary. This development de-
mands research in the interaction between robots and hu-
mans. We have decided to look deeper into the aspect of trust
and the possibility to increase people’s trust in robots. Many
studies have been conducted on the acceptability of robots
and what it is that causes acceptability. In the context of
caregiving is it arguably not enough to accept the robot; the
patient has to feel safe and trust the robot. Trust can be seen
as higher level of acceptance, and therefore it is important to
study how robot behavior affects the trust for robots. Our
theory is that anthropomorphic behavior in a social robot
increase trust. Communication with the robot is an important
part of the interaction. To measure the effects of the anthro-
pomorphic behavior on trust an experiment was conducted.
The experiment consists of three different conditions in the
forms of interactive scenarios. In the first manipulated condi-
tion the robot was programmed to use body language instead
of remaining static. In the second manipulated condition, the
robot spoke with a pre-recorded human voice instead of a
synthetic voice. In the baseline condition the robot’s behavior
was unmanipulated. Each subject was presented with the
baseline condition and one out of the two manipulated condi-
tions: either the robot with the human voice or the one with
the body language. Half of the subjects interacted with the
baseline robot prior to the manipulated robot. The robot used
in the experiment is a NAO V4 developed by Aldebaran
Robotics. Fourteen participants between the ages of 69 and
88 years took part in the experiment. Most of them were re-
cruited from different local senior centers in Lund. The re-
sults of the study give some support to the hypothesis that
anthropomorphic behavior in a social robot increases the
level of trust in seniors, but the effect was not significant.
Qualitative analysis shed some light as to why the effect was
not stronger, as well as some interesting results not measured
by the quantitative analysis.

1 Introduction

As our society evolves further into the 21st century life ex-
pectancy is increasing rapidly, while birth rates decreases.
Even by 2025 the European union expects more than 20% of
Europeans to be 65 or over, with emphasis on people over 80
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(European Commission, 2014). People over 80 is even con-
sidered to be the fastest growing age-group globally (Bremn-
er et al., 2010). As the strain on healthcare is assumed to in-
crease (Torta et al., 2012), a complement for the younger
working population is needed. In eldercare, as in many other
fields, robots are expected to overtake many of their tasks
(Torta et al., 2012).

In light of these predicted demographic changes, the sci-
entific community has in recent years shown an increasing
interest in the development of caregiving robots, as well as in
robots developed solely for the purpose of satisfying social
needs. One noteworthy project is HOBBIT, an international
research project focused on developing the “mutual care”
concept (Hobbit, 2014). A key element of the mutual care
concept is to develop a two-way relationship where the user
needs to be involved in taking care of the robot and to not
only be the one receiving care. The purpose of this approach
“is to increase the acceptance of the home robot” (Hobbit,
2014).

Human Robot Interaction

As in HOBBIT, recent research on social aspects of human—
robot interaction (“HRI”) has mainly focused on the accep-
tance of robots. One study conducted by Torta el al. (2012)
investigated the effects certain behaviors, implemented in the
NAO robot, had on people’s attitudes towards this robot.
Among other things, they found that users tend to have a
more positive attitude towards a robot that uses hand gestures
to catch the user’s attention, in contrast to a robot that uses its
voice. They also found that users develops a more positive
attitude towards a robot that during speech moves its limbs in
ways that naturally goes together with what it is trying to
mediate. What this tells us it that a user reacts more positive-
ly when interacting with robot implemented with a more an-
thropomorphic behavior. This tendency is also visible in a
study conducted by Wayts et al. (2014). What was measured
here was the user’s level of trust for autonomous vehicles,
and the results indicate that users generally prefer the au-
tonomous vehicles with anthropomorphic elements, such as a
name, a gender and a voice.

The concept of trust in general and trust in robots

Acceptance is, according to the New Oxford Dictionary,
“The act or fact of accepting, or taking what is offered,
whether as a pleasure, a satisfaction of claim, or a duty”. In



the context of caregiving robots, this would imply that a user
has no desire to interact with, or to be helped by, a robot. By
this definition, acceptance has nothing to do with what a user
expects a robot to be capable of doing, or even that a robot
actually would do it. It therefore seems that acceptance is a
very weak criteria for measuring users attitudes towards
robots. Trust, on the other hand, defined by McKnight and
Chervaney (2001) as a way for us to measure how likely
someone else is to act reliably, benevolently, and with com-
petence, seems to be a much stronger criterion for measuring
users attitudes. Overall, not much in the field of HRI has
been written on trust, although Heerink et al. (2006) suggests
more research on social robots’ abilities to induce trust, espe-
cially in elderly. In the respect of caregiving robots in a home
environment, trust is especially important for several reasons;
the user will possibly be alone with the robot for extended
periods of time, and should not to feel abandoned or helpless.
The user needs to find the robot to be reliable, and the user
needs to expect the robot to act in a benevolent way.

We presuppose that higher levels of trust in a humanoid
robot can be achieved by using more anthropomorphic be-
havior, as results by Torta et al. (2012) indicates concerning
acceptance, and as Waytz et al. (2014) results indicates con-
cerning autonomous vehicles. The purpose of the present
study is to investigate how trust is affected by two different
cognitive aspects of communication. The first being a human
voice opposed to a synthetic one, and the other being the use
of hand gestures versus not using gestures at all. Our first
hypothesis (H1) is that the two aspects of communication,
type of voice and using or not using hand gestures, will both
increase the level of trust in the anthropomorphized version
of the humanoid robot for the person interacting with it. The
secondary hypothesis (H2) is that persons with an initial low
trust in robots will have an increased level of trust in the an-
thropomorphized version of the robot, compared to those
who have a high initial trust in robots. The third hypothesis
(H3) is that persons with a low initial general trust will also
have an increased level of trust in the anthropomorphized
version of the robot, compared to those who have a high ini-
tial general trust.

2 Method

In order to examine the effects certain aspects of anthropo-
morphic behaviour implemented in a humanoid robot possi-
bly can have on the level of trust a person develops for this
robot, a within subject experiment was created. A NAO robot
was programmed with a scenario in which it presents itself to
the person interacting with it, asks how the person feels, sug-
gests playing a game of rock-paper-scissors, plays the game
using gestures and voice, and finally ends the interaction by
telling the interacting person that its battery is empty. In the
baseline condition, this was the entire scenario. We also cre-
ated two variants of this scenario: one in which NAO used
humanlike gestures accompanying what it was talking about,
and one in which it had a voice recorded by a person instead
of the synthesized voice that comes with the robot’s operat-
ing system. Apart from this, two questionnaires, both with
the same questions but in different order, were designed to
measure the amount of trust each participant developed for
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the robot. To get an understanding for the participants’ gener-
al level of trust, a Generalized Trust Scale (Carter & Weber,
2010) was used. To evaluate their attitude toward robots, the
NARS (Negative Attitude Towards Robots) Scale (Tsui et al.,
2011) was used. Both scales were translated from English to
Swedish. In order to get the participants to make an active
choice that had some kind of future consequence, concerning
which robot the thought was most trustworthy, they were told
that one of the robots had been cheating and that they would
play again with the robot that they thought had not cheated.

Each participant experienced both experimental condi-
tions: the baseline version, and either the one with gestures
added to the behavior of the one with human voice. Half of
the participants were subjected to the gestures condition, and
half to the voice condition. The order in which the partici-
pants experienced the conditions was randomized. While the
robots had some level of autonomy, for example trying to
detect a sound peak before continuing with the conversation,
the experiment was basically one with a Wizard of Oz design
where one person controlled the robot from a computer.

Procedure

For each session of the experiment, the participants received
the information that they were going to meet two different
robots, that they would be asked by the robots to play a game
of rock-paper-scissors and that they would be filmed for the
purpose of analysis. The experiment leader explained the
rules of the game to be sure that the participants knew them.
The participants were then told that after each interaction
they would fill out a questionnaire regarding how they felt
about each interaction with each robot. Before the partici-
pants were introduced to the robot, they also filled out a de-
mographic form, the NARS scale, and the Generalized Trust
Scale, as the camera was turned on. The robot was kept in a
different room, or when this was not possible, out of sight
from where the participant was sitting, and carried in and
placed on a table in front of the participant before each inter-
action. After each interaction, the robot was carried out
again, while the participants filled in the questionnaire. After
the participants had interacted with both robots they were
told that one of them had been cheating and that they would
play the game again with the robot that they thought not to
have cheated. After making their choice, the participants
were introduced to the robot they thought not to have cheated
and played a last game of rock-paper-scissors before receiv-
ing all information concerning the purpose of the experiment.
At the same time, they were allowed to discuss and speak
freely of their experience, before the experiment session was
terminated and the camera turned off.

Participants

Nine female and five male unpaid volunteers, aged 69 to 88
years (M=74.21 , SD=4.79), took part in the experiment. An
additional four people participated but since they could not
complete the experiment, their data was excluded. Most of
them were recruited from three different meeting places for
seniors and retirement homes around Lund, Sweden. Eight of
the participants stated that they had completed a university
education. All but one owned a mobile phone and of those



who did, only used it less often than at least once a week. All
participants reported having access to a computer that they
used daily. All participants conceded to having been given
full disclosure of the purpose of the study and to have their
data presented.

Material

The robot used for the experiment was a NAO V4, a hu-
manoid robot the size of an infant with 25 degrees of free-
dom, developed by Aldebaran Robotics, running the Open-
NAO 2.1 operating system. Programming and physical ani-
mation of the robot was made using the program Chore-
graphe 2.1 also developed by Aldebaran Robotics. During
the experiments the robot was controlled over WiFi by a PC
running Choregraphe 2.1. The robot’s human voice was
recorded and pitch modulated using GarageBand 6.0.5. The
robot’s synthetic voice is a part of the OpenNAO 2.1. The
participants answered questionnaires printed out on paper.

Analysis

The answers on the forms filled in by the participants were in
the form of scales ranging from 1 to 5, where 1 = “do not
agree at all” and 5 = “fully agree”. Each form was analyzed
by calculating the mean of all answers. One the two forms
that evaluate the participants level of trust for the robots, and
on the form measuring general trust, a high number (were
five is highest) equals a high level of trust. On NARS, a high
number equals a negative attitude towards robots. Statistical
analysis on the data was made with t-tests. This method of
analysis was chosen because the t-test is an established tool
for evaluating whether two means are significantly different.
In this study, the t-tests were always run on the null hypothe-
sis that the true mean of the differences in scores on the
forms evaluating the robots is equal to 0.

The material gathered from the camera recordings was
also analyzed qualitatively. Investigated for any signs to ap-
prove or disprove our hypotheses, as for any other interesting
findings worth investigating further.

3 Results

The main hypothesis (H1) in this study was that a higher
level of anthropomorphism in some aspect of a robot’s be-
havior will have a positive effect on the level of trust a per-
son develops for this robot while interacting with it. To see if
this in fact is the case, we calculated the differences between
the scores of the two robot evaluation forms the participants
filled in. This gave us seven differences between the gesture
condition and the baseline condition, and seven differences
between the human voice condition and the baseline condi-
tion. This resulted in a positive number if the anthropomor-
phic condition was preferred, and a negative number if the
baseline condition was preferred. A t-test was made on all the
differences in trust scores for the robots: T1 = ( mean = 0.17,
t =1.43, 95% CI [-0.08, 0.42], p > 0.05 ). A t-test was also
made on the trust score difference between baseline and ges-
tures: T2 = ( mean = 0.23, t = 1.83, 95% CI [-0.08, 0.54], p >
0.05 ), as well as on the trust score difference between base-
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line and human voice: T3 = ( mean = 0.10, t = 0.49, 95% CI
[-0.39, 0.59], p > 0.05).

In order to see if a high score ( > 4) on NARS, i.c. a low
initial trust in robots, corresponds with a large difference in
trust between the anthropomorphized robot and the baseline
(H2), a t-test was made: T4 = ( mean = 0.3, t = 1.76, 95% CI
[-0.17, 0.77], p > 0.05 ). Another t-test was made to see if a
high score ( >4 ) on the general trust-scale corresponds with
a large difference in trust between the anthropomorphized
robot and the baseline (H3): TS = ( mean = 0.14, t = 1.62,
95% CI [-0.06, 0.35], p>0.05).

Regarding the choice between which robot the partici-
pants found more trustworthy (i.e. the robot the participants
thought had not cheated); three out of seven participants
choose the gesturing robot versus four preferring non-gestur-
ing robot. Four out of the seven other participants choose the
human voice-robot versus three preferring the non-human
voice-robot. Further, eleven of the total 14 participants
choose the robot they had interacted with first, irrespective of
if this robot had anthropomorphic features or not.

4 Discussion

Our quantitative analysis showed no significant effects of our
manipulations. In this section we discuss possible reasons for
this, as well as results other interesting phenomena, and fi-
nally qualitative results that were not statistically analyzed.
Since we lack video data from three of the participants,
no complete post-experiment qualitative analyses of the
recordings were possible. The remaining recorded experi-
ments (15 in total) were watched post-experiment, to see if
any interesting observations could be made in general and
regarding the quantitative results. The data from four of these
experiments was later excluded. This was due to the partici-
pants not being able to see, hear and respond to the robot, to
such an extent that interaction was possible. All four of them
of them were completely unable to hear the synthetic voice,
despite using a hearing aid. For others, we had to increase the
volume of the robot’s voice for the participant to be able to
hear its voice, and the experiments were possible to continue.
We think the voice issue is an important observation to be
made regarding elderly people’s interaction with robots,
since it is necessary for them to be able to hear the robot they
are speaking to, and an inability to do so will have a devas-
tating effect on their trust in the robot, instead causing indif-
ference. Furthermore, it is important to note that this problem
consisted even when the participants wore a functioning
hearing aid. A possible reason for this hearing loss is the
manner in which NAO speaks: one participant commented
that its voice was “shaky” and that it caused him not to hear
it. Another said that the voice sounded “rather muffled, and
that’s when I have trouble hearing”, indicating a possible
issue with the frequency of the synthetic voice. Whatever the
technical cause of the problem, we strongly suggest that fu-
ture iterations of NAO that are meant to interact verbally
with elderly people, are better accommodated to those with
hearing impairments. Several participants commented that
our robot with the human voice was easier to hear and under-
stand. This is an indication that real, recorded voices are a



better way to go than pre-programmed, synthetic ones. Fur-
ther studies are needed on this issue.

Another technical aspect of the interaction was that our
model of the NAO robot often (in 7 of the videos) had trou-
ble “hearing” the participant, i.e. detecting the peak on sound
that would cause it to go on to the next step in the dialogue.
In these instances, the interaction became stilted and the par-
ticipants had to repeat themselves, sometimes many times,
for the robot to respond. Even though we informed partici-
pants of this error pre-experiment, it might have affected
their trust in the robot.

Regarding our quantitative results, there was a pattern of
participants choosing the first robot they met as the most
trustworthy one, regardless of how this robot behaved. There
is a number of possible reasons as to why this occurred. One
idea is that since we had no initial practice phase where the
participants could familiarize themselves with the robot and
the situation, they seemed rather uncertain during the first
interaction. One participant told us, “I was so fascinated that
I couldn’t keep up with the game!”. Another said, “It’s been a
long time since I played the game, so I think I made more
mistakes with the first robot.” This uncertainty, and the con-
centration needed to keep up with the interaction, could have
led to less awareness of the robot’s behavior. With the second
robot, it is possible the participants felt more secure and were
able to relax and be more critical of the robot.

The main quantitative finding was that, despite a promis-
ing tendency of support for our hypothesis, our manipulation
had no significant effect. Some qualitative findings point
towards the reason for this. One is that several participants
reported that they had not detected any difference in the two
robots’ behaviors. In other words, our manipulation may not
have been sufficiently strong. With a more noticeable manip-
ulation, our predicted effect might have been more signifi-
cant.

Additionally, the fact that many participants did not know
how to play rock, paper, scissors, created a stronger focus on
the game than on the interaction. When we chose this game
as the task, which the interaction would rely on, we had as-
sumed that everyone would be familiar with the game and
thus it would not be very cognitively demanding for them,
but this was not the case. Almost all participants showed a
strong attentional focus on the gameplay, which was static
and identical on the robot’s part in both conditions except for
the order the robot presented its moves in, and the robot’s
reactions to the game, which was either “thanks for a good
game” or “you won”. Both the manipulated and the non-ma-
nipulated robot gave these statements after the game was
finished, and we manually changed the statement depending
on the outcome of the game. We had deemed this piece of
dialogue to be neutral, but it turned out that participants re-
lied on it in their effort to understand the game. When being
prompted to choose a robot to play with again, participants
motivated their decision with game-related statements such
as, “he didn’t tell me that I won [even though I did]!”, and “it
must have been the one I didn’t win against [who was cheat-
ing]”. Thus, the game itself turned out to be a confounding
variable in our experiment. In future studies, the task chosen
for the interaction sequence should be one that the partici-

206

pants are even more likely to know, or one that does not re-
quire any previous experience. As well as not inducing any
confounding variables as telling the participants if they won
or not, even if the game outcome of this is random and
should be roughly 50 percent.

Our secondary hypothesis (H2), that a high score ( > 4)
on NARS, i.e. a low initial trust in robots, corresponds with a
large difference in trust between the anthropomorphized ro-
bot and the baseline. These results were more clear than for
our main hypothesis, but still not with statistical significance.
With a mean of 0.3, compared to the 0.17 for all participants,
we’ve localized a group of participants which supports our
theory further. Within the boundaries of chance, it is still
possible that the anthropomorphism may very well be more
crucial for subjects having a low initial trust for robots. If the
low trust in robots implies that they have a greater trust in
humans (than robots), it is possible their expectations of the
more humanlike robot was greatly exceeded. Giving anthro-
pomorphism even more importance as to increase trust in
robots, not just for a selected group but also for everyone.

Our third hypothesis (H3), that a low general trust would
also correspond with a large difference in trust between the
anthropomorphized robot and the baseline. This was in con-
trast to H2, not found to be larger than for the participant
mean.

A finishing observation is that one participant said that
she just “had a feeling” that one robot was cheating, despite
not knowing the game herself. This participant deemed the
manipulated robot as the more trustworthy one. Obviously
we cannot draw any conclusions from this one observation,
but perhaps this is one case where our manipulation really
did have an effect, despite the confounding factors of the
gameplay, primacy/recency effects, and technical difficulties.

5 Conclusion

Robots in the form of embodied social entities are as of this
day a long way from being reliable and efficient enough to be
placed in senior homes as a complement to a caregiver or
similar. Still, the importance of finding elements of trust re-
mains of most importance. In part because of the rapid de-
velopment in other areas of robotics and artificial intelli-
gence. But more importantly to be able to narrow down what
features are theoretically important before they are put into
practice.

We saw weak tendencies of support for our hypothesis
that more anthropomorphized behavior does increase the
level of trust for a social robot among seniors. However, the
results were not significant, and further studies are needed in
order to give more evidence for the beneficial effect of an-
thropomorphization on trust in robots, in line with results
from Torta et al. (2012) and Waytz et al. (2014).

The human, non-synthetic, voice is a preferred feature not
only through its ability to improve trust, but some partici-
pants also remarked that they could hear it better. Which
concludes that human voice feature in a robot should be pur-
sued for more than one reason. For future studies, we also
conclude that more focus must be put on removing interfer-
ence variables, improving clarity of the variables, weigh if it



is possible to increase the duration of the scenarios and final-
ly increase the number of participants for higher statistical
security. Lastly, during conversations with the participants
we learned that the NAO robot, with its humanoid appear-
ance, was much appreciated. This gives us reason to believe
that developing humanoid robots with anthropomorphic be-
havior is the correct path for continued development of so-
cially acceptable robots and future experiments.
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