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Abstract

Designesare known to use a blend of manual and virtual processes to produce design prototype solutions.

For moderndesignes, computeraideddesign (CAD) tools ar@ assentiakequirementto begin todevelop
design concept solutionsCADtogether withaugmented realitf{ AR)systemshave altered the face of de-
sign pactice aswitnessed by the way designercan now changa 3D concepshape, formgolor, pattern,
andtexture ofa product by the click of a buttan minutes, rather tharhe classic approach taboron a
physicalmodel in the studio for hourdgdowever often CADcan limita designe® experiencef being
WKIFI-FRB gAGK YIFG§SNRIf a madgfiR hapidBVB Baodlghiva affordedagreandh-a S
tential fordesigned (12 FSSt-2 WQ NBA WK mad&®gyprétassel. dhrdughe use ofVIH,
productdesignes areable to control, virtually sculpt, angianipulatevirtual 3D objects onscreen.Desgn
practitioners arewell placed tanake use ohaptics,to augment3D conceptreationwhichis traditionally

a highly tactileprocessFor similar reasoningt could also be said thahon-sighted andvisually impaired
(NS VI) communitiescould also knefit from usingViH toolsto increase touckbased interactions, thereby
creating better access fdfS VIdesignersin spite of this the use of Miithin the design industry (specifi-
cally product designpr for use by the norsighted communitys stillin its infancy Therefore the full bene-

fit of haptics to aid nossighted designers has not yet been fully realised.

This thesiempiricaly investigates the use of multimod®IH asa step closer to improvinghe virtual

handson processfor the benefitof NS, VI andully sighted(FSDesignefMakers.Thisthesiscomprises

I Machine Haptics is a term, used in this thesis, to relate to the study of machines for the augmentation of human
touch in the virtual realm.
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four experimentsembeddedwithin four case studie€@CS14). Case studydnd? worked withselfem-
ployedNS, VArt Makers at Henshas\Collegefor the Blind and Visudampaired The studyexaminedthe
effectsof haptics on NS, \dka's, evaluations of experienceCase study and4, featuring experiments 3
and4, have beerdesigned to examine the effects of haptics on distance leam@sign studentst the

Open University

Theempiricalresultsfrom all four case studies showed that NS, VI users were able to navigate and perceive
virtual objects via thdorce from the hapticdy rendered objects oscreenMoreover, they wereassisted

by the whole multimodaMH assistance, whicin CSZppeared to offerbetter assistancéo NSversuskFS
participants. In CS3 and 4 MH and multimodal assistance afforded equal assistanc¥ltamt$-S, but

haptics were not as successiunlbetteringthe time results recorded imanual(M) haptic conditions. How-

ever, the collisiondatabetweenM and MH showed littlestatisticaldifference. The thesis showed that mul-
timodal MH systems, specifically used in kinesthetic mode= kaabled human (nowlisabled and disa-

bled) to credibly judge objects within thétual realm. It alsoshows that multimodal augmented tooling

can improve the interaction and afford better accesshe graphicaluser interface for a wider body of

users
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1 Introduction

CKAA (GKSaAa aiddzRé Ad NRB2GSR Ay Ay Cof NIRAMYD SNBREBaat A/ 3 ydzas
bing KSY (2 0SS W2NRAYIFINEQ Ay GKSANI AydSNI Oilmakeay oA (K
contributionto knowledge by undertaking investigations intthe use ofmachine haptics (MHpr a specific
usergroup-namelynon-sighted(NS) and visually impairéd|) artisangand / designermakers. A specific

haptic issue iaddressedn this thesishow haptic technologganovercome barrier®f NS Vluserinterac-

tion with on-screenvisual dataThe issue is tackldaly examininghow well the selected devicgseomagic

¢ 2 dzOdihglepaint device, can be adapted to add value to user experieand enhancetouch percep-

tions oftwo specific usegroups namely1) NSArt-makers(AMs)- Henshaw<College (2) NSdesign students

-The Open Wiversity. Using acasestudiesapproach the research programme will report N, VUuser in-

teractions withMH. Amixed method research (MMR)ill be used to judgef adding a multimodal haptic in-

terface will allomNS VIusersto work effectivelywith virtual on-screen objects

1.1 Overview

Fornon-disabled personalcomputer(PClusers todayconventionalgraphical user interface (GUI) is useful,
but asit is predominantlyision and auditoryed it offers dimited sensory engagement beyotitat of sight
or sound. This creates a barrier fd5,VI computers users, who are restricteda®ingulasensory input,
either viaBraille keyboardgtouch)or screen reading devicésound) For NSYI PC users, the facilitatiarf
machinehaptics MH) has still tobecomerecognzed as amainstream tool Howeveyfrom conductinga lit-
erature reviewof haptic augmented tools by NSlusers,it was showrthat hapticsdoeshave thepotential

to assistPC use bgightimpairedusers(Brewster S.A., 199%Vall and Brewster, 2006
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This study focuses on a widening access to haptic technology for NS, VI PStasstisallyit has been
shownby TheWorld Health OrganisatiofWHO), that there are253 million VI or low sighted people world-
wide, with 36 million people registered N\&HO, 2017World Health Organisation, 2017Thereforethere
is a substantial group of people who could benefit from working with digital platforms using haptic technol-
ogy. One such group of people dhe artisanswvho live and work witiHenshaws Charity College find

and Visuallylmpaired, Knaresborough West Yorkshire. This group of individuadgs in sight acuity status
from NS to VI and from congenitally blind to adventitiously blinghractice the variety ofartisarsQraria-
tions in sight acuity means that staff adlihiciansat Henshawsieed tobe dynamic and innovative the
provision of access to creative studio work for all artisans registered to Henskdivtse people who attend
Henshaws are either artists PesigneMl { SKNF ® | a4 a dzAkMI Iy IsagMosi of the
work producedby Henshaw&udios is craftbased workfor example felt artifacts millinerypieces jewelry
etc. Many of theAMsare congenitallyblind withlittle light perception, buia few have someeclecticvison
with ocular assistance$or examplehigh powered magnifying glasseshigh prescription spectacles.
Henshaws#AMshave joined this study as a focus group, and as basplayed a large part in the inclusive
W dzE SNt featured inChapter 4 of thighesis TheAMsspecifically targetedo take part inthis study
were selected du¢o their highly skillednanualcraft skillsandtheir refinedtactile practices. Thepecific fo-
cus group selectedere seen as aexemplay group with goodnsight and depth othe nuances oNS VI
creatiwe tactile practice,as well agheir interestin future technologytrials. Through the work witAMs this
studysought to demonstratéiow well hapticcanenhance NSVIuser experiencavithin the virtual realm

(VR)

2 DesignetMakers is a termed used to describe pémaho design and make work, and not just design work.



3| Page

1.2 Machine Haptics

The studyof machine haptics (MHp enhancea useiQ interactions within the virtual realinasbeen

developed andefinedfor overa decade Fornon-disabledusersMHO 2 Yo A Yy S & Tl KRR AWIaIA} I y R
ential learningKolb and Kolb, 1984ilong with theinteractionof rich3Dgraphics.NS VIPC usergeed to

be affordedassistive tooling to enhanceeir access to digital platform$herefore through the experience

of the augmentationof touch, they are enabledo use VRn an innate manner. Computer science research
communities have beesuccessful in showirgpw hapticsholds thepotential inthe field oftertiary educa-

tion, professional training, arts and design, surgical/medical and veteriraining practce

(Bachy-Rita and Kercel, 200Barfield, 2009Cheshire et al.2001, D'Angiulli, 201 1Tokatli.O., 201} The
usehasalsobeen showrwithin the industryto enrichthe usergkexperience withireducation training, and
development(Minogue.J., 2008_evesque.V., 2008Hapticshavespecificallypeen shown taid NSVIusers
it was shown to increasaccesdor NS Vlusersto the web(Colwell, 2001Colwell.C 1998, as well asup-
porting NSVItouch access to teaching aids for applied subjémt&xample mathematical and graphical

learning materials

Within thesé'studies it has beershownthat hapticsholdsthe potential to widenthe useraudienceto

include NSYI users as well dsvdingthe access taligital platforms.

1.3 Userled thinking

Despite the wealth ofesearch disseminatespanning 20 yearsndgoverning regulations for Assistiveche
nology (AT), there is a treridr unsatisfiedATusers,to abandonthe perscriptedAT solutions. This issoé
users abandoningechnology due to the lack of usabilitys acknowledged in disabled services acrosdile

and shown as a waste of resources, time, effort, and maodyS VIclinical services anitheir service users
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(Phillips and Zhao, 1993The lack of understanding about individual u§heseds of AT haseendissemi-

nated as having an effect on user Ahatlonment(Newel and Gregor, 1999Greig,Keitsch, and Boks

(Grieg.J., 2014state GXAT is a sensitive field. It provides the developers with complex design challenges with
respect tofunctionality, ushility and emotional aspects Newell and Gregor statél K I i  dza SNA OF y
Y NEQ [-2/NRR AWOIENENG/S 80 SIN0 W deRignésd | oNISE  AYISSiifa- aihifaNzald N = |

user who wishes to operate in an ordinary manner, akin to #st of societg (Newel and Gregor, 1999

1.4 Distance éarningtechnologiesand theability needs of the
learner

¢tKS FASER 2F RA&GlI yOS SRdzOFIGA2Y LINRPGARSE f SI NYSNEH
materiak. The Open University (OU), (Milton Keynes) is one of the longest standing distance learning univer-
sities in theworld (foundedin 1969)currentregistration figuresfrom data for the yeaR017 show that there

are 174,739 registered undergraduafgG)and postgraduate(PG)students.(OU, 201%

As pat of its ongoing commitment to accessibility and TEL for distance leafhiagdUhascreated teaching
technology whicthas achieved awardsr its designand thetechnologystandards of effective Technology
enhancedearning (TELgystemse.g.TheGuardan Teachingand Technologyawards awarded to the OU in
2017and2018. The enhanced learning technolagedby The OUlistancehas afforded enhancedccessi-

bility to be at the forefront ofstudy foran®?2 LISy Q A . dee3 V1) 6 R REA Y (UTEISoffdr-] Qa C
ing is the wideintroduction of sensory led TEL fapplied studiesfor example engineering andlesign mod-

ules. HapticTELhas been overlookedy The Open Universis apotentially accessibility letechnologyfor

applied disciplinesvithin the past yearsAdded to this it is notable that theider hapticresearchcommunity

hasmostlylimited haptic assistances for sight impaired usésghe STEMilisciplinesor used it toincrease

31y 2Ly &aiddzZRSyd o062Ré& Aa RSTAY
level of learner on entry to the module of study.
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the access to the internet for the nesighted PC usersg, science and mathstatistics(Tokatli.O., 2017
Colwell.C., 1998cGookin.D., 2006 However laudable and useful previous works have been for The Open
Universitysight impaireddesignstudents studying at a distancstill require betteraccess to engage with
design module stimuli this is cemtly done vialimited sensory channel gound thereby limitingstudents

to asingle sensory interactiotievice e.gaccessed vikeyboard anébr PCmouse.

Although current modes of online interaction, fitve distancedesigndiscipline, hae been show to be pro-
ductiveat the Open Universityhe wider body othe haptic communit@ @search shows that using purely
singular sensory interaction can create barrigraccessibilityfor particular groupof disabledstudents,par-
ticular referencehas be@ given tq sightimpaired, cognitive and motor function disorddfsmirabdollahian,
2011, Brewster.S, 200@owers, 2018 Manydistancelearning institutes, such as the OU, have gone to great
lengths to provide alternative teaching and learning material forniaiscreaseaccess for minoritgisabled
cohorts.For the norsighted community of studenthere is still a way to go for distaa learning universi-

ties to overcome the barriers to limitegensoryinteractions That is to say, to offer all students equal or ad-

justed access.

Alongside its worldenowned provision of online learning, the OU offiearning which is termed dBlended
learning2Blended learning devised ophysicahandson face to facevorkshops, which are based in physi-
cal classrooms located around the countmd online studyocated invirtual classroomsThe blended con-

cept being that students are able to attéphysical workshops to improve tactile responses and making skills
andblend this with their explorations of théneory of making and desighrough online theoretically based
blocks of studyThrough the use diandson processesmgineering and desigriglents, overall gain a more

in-depth understandingpf how to use tooldo externalre their projectconcepts(Liddament.T., 1990 Inthe
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OWwQ ghysicaworkshops students are requested to interact and assemble 3D concept modélstter com-
municate theirdlesignii K A y*]Ofkteh Theprototype modelsthat arecreatedin these workshops oftense
low fidelity modelswhich are a mix dbw resistant materialéor examplepaperor cardboard The secalled
Ya1 HhadeR sz vy I Yey Rre tsed iniihi early stages of the design proassthen becontextualised
through scanning the paper models and resolving the 3D developmentwiadigitalgraphic packages
The challenge of these type of sessions are that sstmgents partiaular studentswith physical, sensory or
mental difficultiesthe attendance at the physical workshops can be difficuthis is mostlydue tothe indi-
vidualsconfidence andheir physicalaccess issue¥hese studentsan often subsequentlstruggle to kep

up their handson skills developmerdue to the missed attendance at the physical workshops.

Overallthe challenge of an onlindesign coursg in comparison to brick universitiess that often the
distance programmecan offerlimited access to harslon workshopdevelopment sessionsAlthough the
distance design programmseftenoffload the physical workshopmbalanceby adding value to thetudents
understanding of a wider theoretical bafem the discipline of designrCommonly distancdesign staents
will be offered similar training in computer aided design (CAD) &kiltet of brick universitiesBoth
distance and brick universities will offappropriate levetd of understanding of the classidailstoricaldesign
processingas well as a gabdepth of understanding of how students shovddpond to a design brieThe
challengéfor distance universities not so much the lack of design teaching and learning more a
imbalance othe physicahandson elements which go someway to understanglithe appliedstudy

discourse.

ThisresearclINR A NI YYS 3I2Sa a2YS g & -2{yédtahck RaidhdntaractioksSy t I O
introducing hapticgo NS VI and FS OU studentsaims to afford studentsvith visual impairments and sight

acuityissuesbetter access tdaptically enhanced@EL.which willcomplementthe current teaching and

4 Design thinking is a tem used is defined as thinking within the conceptual stages.
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learning aimsetwithin the programme of design practi@ The Open UniversityThe researcher argues
that by increasind\S, VI and RS (i dzR Bayid$en @periencevia virtual augmentationghis will address
the access tthandson making processédsr sight impaired learnersThe study of haptics within distance
learning contexts wiljo some way to offeringight impaireddistance learning desigstudents a similarsim-
ulatedvirtual and physicainodeling experience, at the germinalstages ofthe design procesgp that of

their Wrick universitieSpbeers.

1.5 Research questionsaind hypotheses

This research programme aimed to evaluate the potential beoéfiaptic technology with existing assistive
technologies and teaching software to increase access fossigited and visually impaired individual$ie
followingsubsection presents the research objectiaesl the research questionwith the supporing hy-

pothesesof this studywhich support the thesis overall.

1.6 Research objectives of this study

This research programr@main objectives are to:

1 Evaluate the potential benefit of haptic technology and to integrate the technology inclusively for

non-sighted visually impaired annakersandfully sightednovicedesigners

1 Define and utilize experimental methods (including usability methods) to highlight machine haptic

(MH) touch perceptions fanon-sighted, visually impairednd FS in virtual reality (VR) énmnments

9 Evaluate toucHed skills shown by people who were once fully sighted (FS) and now are not, and
people who arenon-sightedfrom birth, to then use thiknowledge to bettefacilitate kinesthetic

haptic feedback tamon-sighted, visually impaireahd FS user groups.



8| Page

1.7 Research questions

This study is set around three research questions. Balbtheresearch questionare presentedvith ac-
companying Hand H. (RQland2, have been used in the empirical testase study 2nd4 and have been rgre-

sented in the relevant chapterfor reader reference)

f RQ1: Can a novel haptic design application, be used to assistnand K (i \RKlak{ 0 W

SNEQO! ado G2 AYOGSNYOG 6A0GK (GKS @ANIdzZ t NBIF €

0 Hypothesis 1 The inclusiorof a culminatiorof a) an embedded rig and bjultimodalvir-
tual haptic force (with additional virtual assistive audio elements) will enablesigitted
users to achieve the standard (18.5seconds) Vagdegin-hole time of healthy partici-
pants.

T RQ2: Can aultimodal interface allow betteraccess than manuabuchto aid applied teaching

and learning for norsighted (NS), visually impaired (V1) and fully sighted (FS) design novices?

0 Hypothesis2l I LIGASYlI 6t S | aSG aaSyot®eAa Vs aly
GAUK fAYAGSR RAFTFAOMA & G2 GKS dzaSNAO®
T RQ3:Is a hapticsbased system usable and qualitatively shown to be so, by the two main user
groups under consideration, (nesighted (NS)/visually impaired (VI) and sighted design stu-
dents)?
0 Hypothesis3-Haptic technology, used as part of a multimodal interface, can aid a creative
Wa Syfa@2R® LINRP OS&aa | yR 02y 0N O dzsignted RISHY-2 NB A
Makers (AMs) and novidesigners/ students registered on a distance learning pro-

gramme.
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1.8 ThesisFramework

Figure 1showsthe structure of the thesis and how the chapters contribute to the research questions. As
shown below chaptersaghd3 set the context, followed by chapter 4 which reveals the methodology used
throughout the research pragmme. Chapter 5 investigates a specific user group, Hensdwsusing

Deep Dive testing activitieghe second halficChapter5 and Chapter 6 investigate us€lige motor skills
using the haptic device, and explore how, MGFSusers work with thalevice to assemble a prototype
within set parameters. Finally, Chapter 7 brimggether allof the workvia adiscussiorandreviewsthe re-

sponses to the research questions and supporting hypotheses.

Figurel, presents a thesis frameworkhisis a visuahid forthe readerto review theflow of coreresearch
areasand how they are broken dowithe diagram describes how tligerature andresearch questionows
into the main empirical investigations the analysis stages and out intiee discussion anéindings. The dia-
gram also shows where the RQs and empirical statiyect (indicated by arrowshe relevant elements in

the diagram.
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Haptic mods Deep dive & RQ1.Can a novel haptic design
Touch and affordances | dewvelopment | application, be used to assist Results
Percephon: non-sight=d{MS) ‘art- 4 @nduser
. makers {AMs') to interact with evaluaticn
Human-hiachine T 1 wirtual reality environments
[VRE) when aided by multi-
modal azsistance?
NS-VT art-makers’
" ) 4
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Usability (B} visually evaluations
umpamrad (VI) and
sighted desizn
novicas?

Figurel Thesis framework

1.9 Chapter overview and structure

Follaving on fromthe thesisconceptframework, the followingsummarigs the ontent of each chapter and

how the chapters build to support the research questiansl hypothesis

1 Chapter 2offers the reademn introduction to bindness and visual impairmer@mphasking the hu-
manaspect fromthe condition. It alsdighlightshow individuals with sightloss manage theiicondi-
tion in their everyday livesTheliterature in this chaptearguesthat well-designed AT can slow down
the continuous AT abandonment anclivdesignedusercentricATcan improve the us& quality of
life at best or increase their confidence in using the AT device with eBlse importance oflesign-

inginclusivelyis carried through to théapticdesignerand reasoning is given througtetature on
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why it is important tounderstandthe user and hovdesignersan affect bettelinteractonswith the

technologyto Y S S i (i KwiderdeedS NI &

Chapter 3nvestigates the background amdstory andworkingsof haptics flumanand machine)lt
isdesigned to workvith Chapter 2to extend thenarrativeof human and machiné he chapteini-

tially outlinesthe scientificdomain of haptics interpreteds thehuman perception of touchnd sen-

sory systemwith specific reference to active touch (kstbetic touch). It alsoreviews the most rele-

vant literature on hapticsi KS Wwaidl 4SS 2 F (kieSthdtioNiH, @ithlpdriicilairéidr-i A 2 y &
ence to singlepoint haptics used as ARighlighted throughout the latter section of the chapter are

casestudies of haptics aiding training and education.

Chapter 4communicatesa general overview othe methodologicabnd philosophicahpproaches
adopted withinthe research programmeéncluded in thishapterare the explanatiors of howthe
philosophical ad methodological approachegere selected ntegratedand appliedo a series of
case studies CRAad2, CSand4. Each case studg presented as tweets of two-stagestudies Each
set of case studiesffer a combination of a preliminary stud¢S1 and Gyand a main experimental
study(CS2 an€3), a full description otach set is defined arttie methodologypresented in de-

tail.

Chapter 5designed to answer RQfiresents the first setfoempirical case studies (&1d2). The

chapter itself ipresentedin two halvesqualitative-led researctg§4.1, andquantitative-led research

84 3. The first halbf the chapter(qualitative)describes an analdigld study @lso termed aPeep

Divestudy). This field study was designemdfurther understand the NS/I, AM group as users, and

used welpracticedinclusive degjn techniques. The second haffthe chapter(quantitative)de-

scribes Yy SELISNRYSy( &RINY S(NBS@RNARScbitrol IparticipimtsNi&ing a known

clinical test (akaWade® Tes). Thetestwas designed to understand N@ andFSLJF NI A @fi-LJ- y { & ¢

ciencywhenworking with hapticsiaboth modes(manuatv- machine) ForWade@ pegin-hole Test,
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six participants (n: 3 sighted, n: 3 neighted)were invitedto join the experiment. Thessultswere
recordedasWi A YSQ G 1 SypegtesE O2 YRIE S0 St &8zdB 32 F W@ 2 NSO

analyzed. Full analysis details are then discussed

1 Chapter 6 is designed to answer R@@&sents a further set of case studies (&¥88) ard anew
group of participants NS design academics and students from the Open University. This clmapter
vestigates whetheit is appropriate to use MH to enhance NSuser experience in the first stage of
the designcycle This chapteagainencompassea two sectiortemplateand amixed methodology
approachto collate data In the first case studypilottest Sy G A G f SR W¢ KS { KI LS ! &
1) results areanalyzed from three design academidsom the Schoolof Engineering and Innovation
at The Open University, Milton Keynekhe outcomes from CS%Bethen used to enrich the develop-
ment of the interface to make it even more accessible to NS design students2Msitken pre-
sented to the student participant groups andrexed method approachusing time and collisigris

analyed anddiscussed.

1 Chapter 7will summarise theotential as well as thehortcomingf using the selected haptic de-
vice.Chapter 7 will then reviewthe empirical experiment work against the reseagglestions, and
discusses thegreements witteither the hypothesis or with nullypothesis Kl1and HO). Finallythis

chapterreports onfuture workusingMH for purposes of inclusive digitdesign practice

1 ! full set ofappendicess provided in this thesis, it containaraples ofraw qualitative and quantita-

tive datato accompanythe empiiical study work in Chapters 8and6. An appendices contents list

is provided for easier referencing.

1.10Contributions toknowledge

The primary contributions of this thesis study &odhe fields of Computer Sence and Inclusive Design and

DistanceDesign teaching pras
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The introduction of realistic communication stratedpetweennon-sighted groupsnd the re-
searcher, which recognised a more holistic need of the user grblup stategies includehe use of

communicatiortools to aidsmoother and balancedommunication

Theinclusion ofdser as expefthroughasteady integratior2 ¥ G KS NBaASF NOKSNDa |
tions coordinated with user observations and user input to theim creative needs and ability
needs Novel ethics developmergointscreatedwith Henshaws College teaching staff to work with

Art-Makers in new ways for Henshaws.

Novel hapticspecificadaptionsto userinterface of a clinicdfine-motor skills triale3 ® 2 | RSQ&a G S
(1992) adaptedto allow for greater access for negighted users to explore and navigate haptic cues
within the virtual realmShown in Case studycZeatured in published paperBowers. L. Bowler.M,

and Amirabdollahian.F, Hapticcues 8rA 8 A 2y A YLJ ANBR NI YIF {SNRY Q
Manchester 2014

Application of inclusive design theories and philosophies to the field of Computer Science, to draw

attention to themotivations and-easoning behind accessibility to virtual agidital platforms.

Empirical evidence to emphasise the uséocafch-led performances for nonsighted usersf virtual

environment and objects therein

The instigation oinclusive desigiactile assistances taid nonsighted users exploration of a specifi

virtual environment

Openinganenguiry and increased discussion the greater sensoraugmentationto open, distance

education toaid sensory impaired students studyiagplied subjects
9 Y LIA NR GIAfy Ridfyda@®e &0Sasd t 6§ SBEYTORE NI KI LIGA O (G SC
Ol y adzL#ER BE TIRYINEI (2 O2YLX SUSK2 NIBYMIS ¥ NI v & |

0 KEBY&ARIK (G S publishEsl SalNdi Bbwers. L. Bowler.Mind Amirabdollahian.F, Haptic

Odz8a T2NJ GA&AZ2Y A VLD KNGER diaNG (1 21d3OKNE Y. 9 995 S SiA W Of

Empiricalstudy findingqcase study ¥ resulting inlittle difference in metrichetweengroups
(sighted and norsighted and between mode$o complete avirtual prototype assemblysing haptic

technology Bowersl. Hayle, R. Braithwaite, &lhd Amirabdollahian, F. Haptic Prototype Assembly
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Tool for NorSighted, Visually Impaired and Fully Sighted Design Students, Studying at a Distance.
EDEN June 2018, Genoa, Italy

Bowers, L. Touching creativity; a review andyepilot test of haptic tooling to support design prac-

tice, within a distance learning curriculum. The Journal of Open and Distance Ledviaingscript
ID COPP0160059.R2,
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2 Sight Impairment andAssistive Technology
2.1 Introduction

This chapteis one oftwo literature review chapters (Chaptea8d3) designed ta@ontextualze andenrich
background knowledgen thethree core elementsof this research programme. The core elememts
human (user) tool (MH) andinclusive desigded HCI The first halbf the chapterfocuseson the human
elementand examinesight impairmentandhow people live with sighibss Thechapterthen reviews semi-
nal workson the machine elementand reviews studies oAT and haptic technology specificallsed to sup-

port NS Vlindividualsto access andontrol digitalon-screencontent

2.1.1 Semantics and terminology

According to UK Governmental guidance on inclusive langspegificallyused to referto people withsight
impairments using the labeW i & {S A ig'sBr@@hatlimiting and dehumanising for the individuahlterna-

tive suggestions could Speole with visual impairments; blind people; blind and partially sighted people

From working and supporting artisans who are sight impaimeghy preferred to refer to theiffunctional

sight,rather than their lack of sightArt Maker 1 stated L LINRFINOIXSOCH A0 aA3aKiQx |

me personallyusing the word blind means | have been written off someh&AM1, 2013.

MentalhealthUK.orgstatesthat the social model of disability proposes that what makes someone disabled is

not their medical condition, but the attitudes and structures of soc{etgalth, 2018 A support assistant

working with HenshawCollege for Vision ImpairmerKnaresborough, when asked about her theories on

the inclusive use of the terms for sight impairmexssertedd L 06 St AS@S G KI G &a2YSGAY:
variations ofsight,allow able bodied people to further understand the person viidpht impairments condi-

tion,Ay | Of @roNEaif) 2615 this mayto someable bodied individualseem likean exercise in
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semanticsbut infact some people with sight impairments feel that the language surraugtheir condition

can affect their confidence and even alter their feelings about their ability needs.

For the needs of this chapter and the wider study, the revietheliterature has been limited to show how

I LISNBR2Y Qa aAiIK( leroftak dwelhad a ivoSdl whitiNKaRines théldsdblezfield of vi-
sion. It also reviews AT which can assist the individual to maintain a good quality d§lifes been used to
clearly express when a person is without any form of sight. The termllyisugaired (V1) has been used to
highlight when a person holds some functional sighll. participants who are fully sighted will be shown as
such FS, meaning that they have full vision without the rfeedlassesThis study is inclusively awaiagclu-
sive of language surroundihg LJS NJB 2 gapnaity & it & tietl tb a person/or/community and not just a

clinical term.

2.1.2 Sensory perceptions and substitutions

Gt SNOSLIGA2Y A& GKS LINPOSaa 2F 20l AWRWHE (@ishopd1@dA vy I =

SCLERA
CORNEA CHOROID
7 RETINA
MACULA
1
- OPTIC
— e
QUEOUS 4 T -
RIS ~ o TEMPORAL f
LENS ~ . __LOBE
VITREOUS TR
PERCEPTUAL
OPTICAL SYSTEM
SYSTEM

Figure3 Visual system and perception system source tdBighop, 1991)

A
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Hersh and Johnsafiiersh and Johnson, 200&ate that the term perception cabe divided into two

categories:
w Exteroception how the senss perceive external stimulus
W Interoception- how the senses perceive sensory information internally in the body, inclusive of pro-

prioception (body position and movement).

Wt SNOSLIIA2YQ Aa  GSNY 6KAOK O2YY2yhéréopdicdidedhdh 6 Sa K
world around us. How we interpret sight, sound, touch and smell are all tied to how our senses are externally
stimulated, and the way in which a stimulus is processed and interpreted internally-YBRitdnand Kercel

defer from the wual definition of losing a sense, they state:

dPersons who become blind do not lose the capacity to see. Usually, they lose the peripheral sensory
system (the retina), but retain central visual mechanisms. Similarly, persons who become deaf or are
without balance usually lose only the peripheral structures relating to sound transduction (the coch-

lea) or positional orientation (the vestibular apparaté@achy-Rita and Kercel, 2003

TheBachY-Ritaet al., quote is pertinent to thighesis,as a whole, as it enforces that although the person
loses their physical capacity to see, or their window on the world, theyotitbse their cognitive system

whichallows theminquiryandto exploretheir world. This study seeks to support N8,users textend their
inquiry andto support theirneed toexploreby aiding their access to explore auiilize virtual objects in vir-

tual environments.
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2.1.3 Sight substitution

In 1969 Paul BaejrRitaet al, (Bachy-Rita et al., 196Pwere one of the firstesearch teamso disseminate
0KS LIKSYy2YSyl 2F aSyaz2NEB &adzadAaAdlddziA 2 yitcdlii@kubsti-a K i Ay
tuted through anothersense. Since then work has been done to take this concept forward and create novel

substitutions for pragmatic use for the N&l community.

More recently NSVIpeople have selected sound as a substitute for sight, this is shoaudiobooks DAISY
screen readers [8]. A Daisy reader offers the usepmputerized voice which transcribes all the text and ver-
bally describes any imagery on the PC screen. Althouglddgs offer NS/Isome form of acceds the in-
ternet, or PC use, N8lusers have foundiat the amount of text and imagery transcribed via DAISY readers
can be quite overwhelming. Thdoge users often choose to slow the verbal feed initially and when they be-

come accustomed to it, they can accelerate the audio speed to adapt to their needs.

That said, NS and VI individuals have also shown time and again that the other main sensory substitute for
vision is touch (ToueBight)(Bachy-Rita et al., 1969Burger et al., 1993Heller, 2005L"evesque, 2005
BachY-Rita and KercdBachy-Rita and Kercel, 20080 on to ponder the nature of tactieision sensory
substitution (TVSS), they show that a change in one sense cagxéhe somatosensofysystem to allow

the substitution sense to take on qualities of tlest sense The more commonly known exemplar of TVSS AT
is Braille, a way of laying down symbols in a bump relief format that can be read through fingertip traces of
patterns on a page. (There is also an electronic version of Braille interacBegille Reader)However there

is aalow number of VI/NS individuals who are Braille i, the reasorbehind this could be the effort and
practicetaken to learn and usBraille. Even now with a version of-Braille, with refreshable texthe use of

thisis still slower than sighted individuals reading the same p@@pgehy-Rita and Kercel, 2003

5 Somatosensory definition: The somatosensory system is the part of the sensory system concerned with the conscious permemtipmpressure,
EMED. 2017matosensory defintiofOnline]. Available: https://emedicine.medscape.com/article/1948&®erview [Accessed 09/02/ 2018].
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2.1.4 Visual processing, and sight acuity

The WorldHealth Organization [WHO)] reports that there are 36 million people wodd who are classified
blind(World Health Organisation, 201@sing thedefinitions of visual impairmerds(a corrected visual acu-

ity of less than 6/18 in the better eye) thereea253 millionVI peopleworldwide. The WHO defines severe

visual impairmentas(a corrected visual acuity of less than 6/60 in the better eye), and blindness (a corrected
visual acuity of less than 3/60 in the better eye or a visual fieldssthan 10 aegrees) Acuity variations can

a0SY FTNRY | LISNA2YyQa LKeaArAz2t23A0Ft loAfAGe G2 LISN
light perceptions to their best advantage, even a shagdorm can be interpreted as form if there is light

to outline the shadow.

9 visual acuity: central vision, the vision used to see detail

9 visual field: how much can be seen around the edge of vision, while looking straight @ERE
The Snellen Scale is used to est&blisi KS | OdzA ieé 2F &42YS2ySQa &aA3IKGEZ (K
Fa1SR G2 NBIR I OKIFINI 2F tSGGSNA 6KAOK 3ISG avyrftts
sighted individual will be measured as 6/6, which converts to being able tahedabttom or second line
from the bottom of the chart. A person with sight impairment/VI 6/60 converts to the top line or second line.
Meaning that they can only read something anéters away when someone with standard vision could read

the sane informaion at 60meters away(World Health Organisation, 2017

¢2RFeQa 3I2tR adl yRINR tSwiéh stankd fodBEarlyiTgatmentDibelic RetiBopas w {
thy Study. This study was seen as a landmark studystenidardied visual eye test charts and so now every
eye chart uses a form of ETDRS logarithmic setting. The following is a table which camparedienand

ETDRS charts.
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I - " E 1
- Top line is 6/60
By 2
V H =
“ ‘ e 3
XUA | 4
” ‘ 5
HTYO 6/12 - at this level of 6
: vision, many social 7
vu A X T activities are possible 8
HAY ‘0 U X (UK driving test standard) 9
YUXTHAOV_L ___ 6/6-"normal’ eyesight, i 10
also known as ‘20/20 ‘ 11
XOATVHUY .. y
. vision

Figured. Left figure, Traditional Snellen Chart showing the logarithmic style used (Gantry.D., 2017), right figure Alt

eye chart (Stevens, 2007).

The use o&logarithmicprogression of letters ikarly Treatment Diabetic Retinopathy Study (ETDRS) and

Snellen charts is important as it allows for more accurate segdingsand sets standards across the coun-

tries who use the charts.

A persorwith no light perception (NLP3 quite raremore often people with eclectic light perception (occa-

sional forms of light can be viewed by the NS individual) but still these individuals are clasbeidaly

blind(20169. The commuity of NSVI areoften erroneously considered as a homogeneous commugion-

trary to this perceptionthe actual degree of blindness and the distinctness of light perception can vary from

person topersonandthen altered by the surrounding environment thenson is in at any one timiee.,

Wg2NJ AY 3

f A3AKIG

LIS NO S LJi A 2 ym@aswed framisaherat dsincdal) intériSedi2 ¥

ate and closéHersh and Johnson, 2003 here are varied scientific and high level engineered tools which

can test the health (pressure, and retina health) of the eye.

2.1.5 Sensory compensation
Lévesqué_evesque.V., 2008tates that it is a common misconception for sighted people to consider that

peoplewho are nonrsighted gain a heightened form of compensatory sensory percepliois. meanshat

once someone loses their sight it is believed that they instantly gain heightened sensoeptpms in their

aa
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other senses,Hus allowing them to hear bettern®ell better and have a heightened sense of touch. Lé-

vesque argues that this is nepin mostcases. N§; L AYRAGARdzZE £ & OFy o©0S (NI AYyS|
senses theyaveand to refine the use of those senses possibly to make them more seribiéinesighted

people(L evesge, 2005. However Bachy-Ritaet al.,state that due to the plasticity of the brain, some peo-

ple can use sensory cues that would otherwise be linked to their missing. Bawer-Ritapaperexempli-

fied theknowncase of a teacher rolling a ball tdobnd student, the blind studenin turn,copied the

teache@ hands in readiness to accept the l§Bhchy-Rita andKercel, 2008

Some people with low visidmave been shown to use multi or dual sensory inputs more effectively allowing
the individual to gain more information from the external stimulus in a short {ipexvesque.V., 2008 Lé-

vesque comments on sensory coemsation, by noting the phenomenon of obstacle sense, where people
without sight seem more sensitive to an obstacle in their way and have the abilityotd & without too

much effort(Levesque.V., 2008However he also notes that obstacle sense has also ewn in sighted
people wearing blindfolds for any length of time. Warren states that blind people have been shown to judge
a curvature of a space or object quite well, showing advanced exploratory techri{ijiaeen, 1978. The

sensory compensation discussion could roll on, there has been some evidence of other parts of the brain
being heightenedBurton.H., 200Bbut no satisfactoryscientificstudy definitively shows any heightening

other senses when sight is absent.

2.1.6 Dual/multi-sensory perception irj sigh:[ Iogs indjvioksjal ) S
Campus, Sandini, Concetta, @ampus.C,20)Ja Ul 0 S UKFI U0 &adzOK SYARSYOS L}2Z2A
G§6SSYy @GAaA2Y YR | dzRA (A 2 yto dssert tBaishilflidle isuadsiEtdodabdut theA G S a
function of theseinteractiord ¢ ® | 2hk feldBokkby Campust al,, goes on to further understand how
audio functions can offer information abotlte locationof sound and allow the individual taamigate to the

sound and this has been shownBarly YS | Nducation
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Obaid presents the idea that learning experience using all the senses is useful in reinforcing memory and has
a long pedagogical histd@baid.M.A.S., 2033 Obaid states muksensory learning has been utildzby

teachers for nordisabled and disabled learners for a long period, as it works to engage all senses to better
immerse the learner further into the task 6 I /stRdf &orkedwith students (n417) at sixth grade, study-

ing mathematicsandtested the se of multisensory exercises with the test group (n=62) prior to an assess-
ment exam, with the ainof increasingacademic achievement of the test group. The control group (n=55)

were not exposed to the mutsensory exercises in order to compare the assesg scores between the

groups. The results showed that students exposed to rseltisory training showed mofavorableresults

over the control grouggObaid, 2013

Obaid is not alone ithe exploitation of dual/multnodalsensesin the educationof disabledstudents this is
a common themeYu.W Kangas.KBrewsterS,(Yu and Brewster, 20)®1cgookinand BrewstefMcGookin
and Bewster, 2006 have all worked with dual senses (touch and souadhnologies for people with NSI.
Yu and Brester examined how to provide N8lindividuals with an affordable webased tactile and audio
system. e dual input system allowed N8lusers to interact with digital graphs and charts. Brewster and
McGedBrewster.S, 200thave examined the use of haptic toolimgmultimodal formwith what is termed
Fa WYBBOK a2 &fF Kia Rovile\ibstSnceNd areas where visual barriers became evitiant.
exploration of the introduction of earcons resulted in a finding that earcons were able to communicate more
complex information more easily through structured sounds, rather thansiuttured sounds. The earcon
study also showed the need to connect more multimodal channels to graplata. This afforded the user
more multisensory feedback, compared telying ona singular visual mod&vhichBrewsteret al.,claimcan

cause fatige over long periods of time.

5Non speech sounds and earcomffer the user puresounds without any human speech attachethis is to increase
the speed of he interaction by the user with the interface. A singular ping or beep sound is quicker to hear than a spo-
ken word.
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2.2 Living with sight loss

Helen Kellewrote,&d ¢ KS adzy R2S& y2i aKAYyS F2NJ Ye LKe&aiAol
the trees turn green in spring; but they have ntiterefore,ceased to exist, any more than thenb-

A0 LIS A& yyAKAEF (SR KE&yl9082dz (dzNYy &2dzNJ 6+ O 2

Living with sight loss, or diminishing sight, can lead to the individual feeling isolated in theiodwar

shut off from societyTrust, 2009® ! FGSNJ 6 KS ¢g2NRa aX GKSNB Aa y20§KA
thalmic consultant, patients are regtably left having to deal with their condition in the current state, with

the potential for it to worsen. The RN{B0169 describes coming to terms with sight loss as feeling the same

as a bereavement. To that entthe RNIB has publishethacknowledgmeng ¥ ( K6 A Y3 RA 8IK I 4 S &
loss on their UK website to support people suffeffiram sight loss. RNIB report that individeatay not

even fully acknowledge their strugglase a form of grief. The RNIB stahat there are seven stages of com-

ing to terms with sight loss, highlighting the physical and emotional distress that can be experienced through
GKS 22dzNy Se& 2 Anifk2Sa AayLI NRYLS @igd abGes i iviag withig@hbis have

to cope and livavith their sight loss in a visuallgd world. But it is possible to regain life in an adapted form,
and armed with the right tools and support framewpitkdividuals can gain baekstandardof qualityin

their lives

The varietyof sight loss and differing experiences of sight loss mean that people will not identify

themselves under one unifying labgl.2 YS YIF & &AYLX & NBFSNI G2 GKSYA&S

HoorGA &aA2Yy Q 22060f AYRYSaaQo
There is currently a widening body of knowledge of sight loss, but more importantly how it can affect and
AYLI OG GKS AYRAQGARIZ f Qa SOSNERI & f AFlG Ordeyfht dzilingd S 2

bodies,amongst thosevho are proactively engaging people with sight lasdattempting to understand the
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coping strategies for sigtss is The Thomas Pocklingtdmust (PTY. P-Tis a recognized bodyhichfunds
research angbublisfreswork thatfirst includes the socionodel of the individual, before mentioning their
disability. P-T is one of the bodies of experts,tive UK who are changing paradigms of how individuals can
be supported to enable them to live with sight lo3$1e Trushas publishedvariousreports(2016h 201639
ARSYGAFEe@AY 3 RATTS NBhi degrading gkt losEHs type of StitNEighyigtis weka T

nesses and gaps in the current wider support given via different support bodies.

Intheir 2009 TheChangingNeeds of9ght Loss publicatior{Trust, 2009, P-T reported that their subjects con-
veyed a strong feeling alubjectsnot wishing to engage witformer sightbasedactivities for example,
watching films, working with the computeFrom one example subjects communiahtbat their sight loss
resulted in a decline in takingapt in enjoyable activities such esading, watching TV, cooking or driving,
which had an effect on their wholdemeanorand confidencéTrust, 2009 Without support interventions,
these people had simply erased these activities off their list of thingswieeg able to do and potentially
became depressed as an outcome. It was also noted ingpent that most Ophthalmic services appeared
02 2 LISNI (-8ill-cABnyact-tis-if-tHey-Keeddzd Q  @Athdudghdhie was offered with all good inten-
tions it was premised on the notion that NS people, who felt cut off from society, would contactrfieese
F2N) KSt L 2KSy FalSR o6& (KS ¢NHzaG>X WgKS gubjectarezf R
spondedthat they would notreach out to profesional services, as they did haiow how they could access
help and whathelpthey could ask foto consequenthyjhelp themselves. Th&ust Report disseminates the
YAalFLtAIyYSyld 2F dzaSNBRQ ySSRa 2FFSNRAyYy3a | GAYSte

individual goes beyond help.

"The Thomas Pocklington (Pocklingfbrust) Trust is a charitable body that works with individuals outside of the clini-
cal interventions. fiey employ experts and work on primary white paper work, pushing the boundaries of living with
sight loss and aiding rehabilitation.

e 2

(NNS)
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P-T also reviewed usegroup perception®ftheA NJ 2 6y RA&F0Af AGE& YR GKSANI @)

sponse to blindness and VI. Usexsponded viandependent research reports on the following four areas:

1 Access Participants held strong views on access to the environment, access to inforraatiqoub-
fAO0 NI YyAaALRZNI® ¢KS INRdzZLI  ROAEASR GKFG az20Alf K

in extra street furniture which aetd as obstacles for N§Ito navigate.

1 Attitudes- Participants felt attitudes about sight loss could be iioyed as they played an important
role in living with sight loss. The attitudes of those without sight loss were described as variable, but
often problematic angbatronizing for example unwanted or inappropriatealmost intrusiveoffers

of help fromthe public

{ DailyLife¢ KS WftAGGES GKAy3a Ay fAFSQ 6SNB | O2yaidl
pants felt that more could be done to share information on low or+b@ch strategies invented by
NS people to overcome small frustratiofer example,using a fingertip to gauge the levels of warm

liquids in a mug rather than using a gadget which cost time and money.

1 Support- Support was needed from a variety of sourcasch as close family ascial services) and
in a variety of formsdocial, material and financial). Environments that were inaccessible to people

GAGK aA3IKG t23a 2FG6Sy ONBIFGSR RATTSNERYIE) adzLiLi2 N

The results from H ResearchFindings 29 RockingtoiRF22016), show that users would like to have more

of a voice and be informed about researchers who are carrying out research to support the VI community.
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Dissemination ofisercentered research should be wider spread and blind charities should support the com-
munications of the latest research issues. New ways to discuss sight loss should be widely advertised to the

general public to bring society up to date on inclusive terminol(y163

2.3 The Visual functional model

For the purposes aforking withparticipants inCase study {AMs Henshawcharity),/ 2 Ny Q& =+ A a dzl ¢
tion Model (Corn.A.L, 1983ecame a useful reference source, as it defines sight loss/impairment from an
educational viewpointanlB K 6 Af A A PSS GASegLRAyGad / 2Ny Qa Y2RS
SeS TFdzyOlA2ys GKSNB A& Y2NB (GKFy | LISNER2YyQa @A adz
shows other factors such as environmental cues and the charattie individuakcanaffect anA Yy RA @A R dzi

capacity tomaximze @A & dz- f Fdzy OGA2y d® ¢KS +AadzZ f CudfeQsediday Ay 3

conjunction withOt Ay A OF f | OdzA ié YSI ada2NBa G2 &dzZJ2 NI FyR NB
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Figure5/ 2 NJ/ QaéiFunctiodadmodel (VFM) (Corn.A.
1983)

Theis a 3D layered model but can be shown as three interconnected titles; 1) visual apii@iates to the
physical visual abilities of the individual, 2) stored and available individgadagt experiences and how the

individualrelates to new sensorstimulus and) environmental cueg relates to the physical properties of


http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjts_zcv9nVAhWRLVAKHXZrDPYQjRwIBw&url=http://www.tsbvi.edu/534-hatton-functional-vision/4818-session-2-handout-f-model-of-visual-functioning&psig=AFQjCNH5j_H8NQKafX0wkItwW9F05Wo33Q&ust=1502895379918296

27| Page

RW objects. Within each of the three labels of the model are further concepts to consider when assessing an
AYRAGARIZ t Q& ySSRA FT2NI oSGGSNI GAradat FdzyOiAiazyo

/I 2Ny Q& Y 2 ReStideptk astaRefererice ahd\dithough it was created over thirty yearg agpears

to be the only model of its typd 2 NXB & S | NJ¥End ¢ dorsS ond dubtE2bgyond their physical abil-

ity. It examines visual deftness and adjusted settings. Zhg ©S LI 2F o0SAy3 o6fS (2 R
ability to use what vision they have to better their interaction with learning and development is more than
noteworthy and holds inclusive intent at its heart. For ghisgramme of study/ 2 Ndfadel hasalso been

usedto form areferencepoint to considemwhen working with people with sight loss. This study has never

aimed to provide a tool which could rehabilitate the sighslgsrticipantsinstead it offersa tool which has

the potential to assisthe augmentation of multimodal touch.

2.3.1 Crossmodal perceptions andortical stimulations imon-sighted and visual
impaired

Inthe last twodecadesscientists have started to understand that the human brain is not statically wired to
specific cortical areas drcan actually rewire itself resulting @ NSperson being able tatilize some areas
of visual cortex to assist withther sersoty input. The study byOlivierCollingnon Voss.H,assonde.M ] e-
pore. F(Collignon.O., 200%howedthat there is definite evidence of the visual cortex in the brain being
utilized alongside other sensorypuits, such as audi@hestudy requested NS people to listen to three dif-
ferent audio clipsWhilst listening they were being scanned via magnetoencephalography (MBE@Gutdze
their cortex activity. Each audio clip wasdiblydistorted further from the last NS participantsisual cortex
wasshown to beengaged when the speech on the clip becanweaudible / 2 f t A3y 2y Qa &2 NJ
suggest that the brain can readilyilize seemingly closed down cortical areas to assist in other sensory tasks.
Such brain plasticity has been suggestedCbilingnoret al.,to have the potential to affedhe spéial under-

standing of soundtke the brain plasticityshown intheir & dzo 2 18n@ iihat®ere are more dynamiaffects

andgreaterpotential inan NSbrain than is currentlyecognzed.

Sterr, Miiller ElbertandRockstron(Sterretal., 199ga G4 6§ S G KIF G | KSIf G4Keé | RdzZ (Q

pacity to change according to the environment. Stdral.,showedthis, through magnetic brain sos of
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Braille reader subjects using three fingers, 1 finger and a control group, with no Braille skills. When fingertips
were stimulated the somatosensory cortical in charge increased to mirror the stimulation and complexity of
touch. Burtonet al.(Burton et al., 200Bstatereading Braille has been shown to activate the visual cortex in
blind people.They studieda matched user group of {®Byrs) of late blind and early blind children, VI and

sighted control. Th subjects were asked to touch read raised letters, whilst images of the brain were rec-
orded. Early NS and late NS participant groups both showed increased activity in the visual cortex areas and

VI showed more dynamic activity across the visual corteasa(Burton.H., 2008

Supplementary Primary Central sulcus

motor cortex motor cortex

Primary
somatosensory
~ cortex

Posterior
parietal cortex

Premotor cortex

Prefrontal cortex

Figure6 Brain Cortex (Burton.H., 2003)

2.3.2 Spatial understanding imon-sighted and visually impaired
¢ KS NBO2 Iy A loeaion id Fpacé iK @nsitleted B Operate on two forms of internal spatial un-

derstandingFirstly, aroute representation using the standing bodily axis as an internal frame of reference
Using sigh, a person can understand a route directional reference from a standing centralfpoiexample
left, right, forward andackward(Bladdock, 2010The second form of spatial recognition is based on ab-

stract topographical directional understandirigprexample working to a fixed cardination east, west,
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north, andsouth a person has the ability to understand topographical information and to tsevilk in the

right direction(ThinusBlanc.C, 1997

Schmidt, Tinti, Fantino, Mammarelland Cornoldi(Schmidt et al., 20)3acknowledge the debaterovision
domination to understand recognition and ask whether early NS have difficulty remembering spatial layout
as they do not have the visual ability to scan their environments. Sclehédt, seem toassertthat there is a
causarelationshipbetweenearly blind not being able to see the environment to obtain survey mapped de-
tail and soinformation, whereby they cannot use the information as a form of mental referecaenotaid

route representation or survey understandin@f courseit is importantto ascertain a strategy that allows

the nonsighted, whenever their onset of blindness is, to wadlutonomously apossible within an envi-
ronment. Prior to any guide dog assistandhe prospectiveowners have to work throughrigorous training
progranmeto walk unaided except for a cane. Of coyithere is the case that a blind person may hawve
excellentconfidenttravelingexpertise and wouldthereby bequick to take on further strategies fepatial
understanding. Schmidit al.,the studysough to understand whether NS people could understand route
versus survey information to aid directional understanding. The results showed that those NS participants
using survey via wooden (tactile) maps gained better results than those given purely wvetiedbased di-
rections. The discussion of resultghins work wasintriguing showing that NS people who were confident

and used to autonomously moving around were equal to the results achievee: hfindfolded sighted con-
trol, and the results were mucheaker from NS people who were not used to moving around without an aid
or another individual to support them. This appears to suggest that the more confident the NS person is
abouttravelingor moving about theblerthey are to convert directions or tatdiimagery tamentalmap-

ping toenablebetter directional recall.

There is also the case that some early blind people could use another sense such as audio to echolocate their
location in space. Echolocation works by a blind individual using a spea#ioftgpck or hum with their

mouth and listening to the echo recall bouncing back from objects around.thieisiallows the individual to
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understand where they are in relation to other objects their sounds have bounced backArpaperby

Claire Wilso(Wilson, 201Yexplains just how capable some imduals can be at echolocatioBhe states

that someare so proficient they can draw a sketch of a room after clicking Weyraround it, or even go
mountain biking along unfamiliar routes. There is quite a bit of debate by scientists as to which sounds can
ascertain the most efficient location feedback, and why some people are more proficient at this than others.
Some sciensts areanalying how they can lift the techniques of some NS people to direct others on the
technique. Daniel Kish, a famousicognized expert(by the New Scientisth echolocatiorwould agree with

the dissemination of echolocation learnirige statesd | 2 dz O | g framSafpdst ahd franNd humand®

Kish believes that it takes only42days to teach early blind children to begin to use echolocation techniques

and this enables them to grow up without an aid or a human assisfafitson, 2017

2.4 Digital access and using spatial cues

Navigatingaround a GUI could k&aid to be as difficult for N§1people as orientating arounah RWenvi-
ronment. Even witta screen readr technology without some form of vigal recognition of a cue markaet,
can be difficult foan NScomputer user to understand their location ¢ime screen This can make activities
such as web browsing difficult. In her doctatasisand subsequenpapers, Chetz Colwd(Colwell, 2001
Colwell et al., 1998asserted thawisual web interactionsvere causingaccessibilityssues andshere-
sponded by translating the visual imagémo imagery which could be interacted twia hapticinterface

which presented users with a series of textures. By acknowledging the varied facets of usability guidelines

and Governrantal policy Colwell imparts@esigneRd Ay G SNF I OS IFdzA RS (2 Syl of S

to increase welaccess to NS users. Colwell stated that she understood from her doctoral work that haptic
interfaces could offer some form information to interpret imagery if the tactile content is formaittedcol-
umns or framed data so that N8l users could navigateith tangible wellorgarizedtactile objects orthe

screen
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Oliveira.J, Guerreiro.Nicolau.H, Jorge.Goncalved, (Olivera.J., 20)Iconducted a research trial examin-
ing (n=B) NS VI participants to use one and two hand contact (finggettouch only) with a lege interactive
tablet. Users touch pathways were tracked and users were requested to find objects. Analysis showed that
when using large tactile spaces ,N8lost their spatial understanding without any additionaétiback, e.g.
voice, sound etcSome w@ersrefer to their own tactics to locate the objedor example workinginto the
center. Thus, Oliveirat al.,make the suggestion that when working witg, Vipeople on location or spatial
understanding tasks focus needs to begin at the edges ofatheorners of the tactile tablet/objecthis is
where this group feel it most natural to begin tactile explorations. This finding concurs withdzé K 2 N& Q 2
observations of NS/lartists manually using landmarks within their own desk space. Oftesvde ob-
served, using the edges of the workspace as landmarks and locating a home cue usually in the bottom /top
left-handcorner of theirworkspace The home cue was usually a heavyeahija weight or a stone. The NS
Vlset up their own space and woutgberate in this fashion prior to any form of creative processing.

2.4.1 Usea-led/inclusive design approach
When approaching the issue of design for human need, it is important to be mindful of the heterogeneous
nature of the community of people with the needlid imperative to examine and investigate the clinical and
d20AFf NBIdANBYSY(a a&adzNNAMmank i eanink the whaleSordvd as ivell T S ©
as the medical condition. Fexample someone who has a sight condition could rangerf low vision cor-
rected with spectacles to no light perception (NLd®erwise known as clinically blind. Some individuals who
have smaller levels of sight loss could have a condition which is degenerative over time. Others may have
multi/dual-sen®ry impairments for example Deaf/Blind or theymay have secondary conditions alongside
the sight lossfor example neurological issues and fine motor weaknesses disablieig sense of active
touch. TheDesigneishould become aware of the levels atwhichigBE 2 y Qa4 2 FSNIF £ €  OF LI 67

mine their use of a product or object, rather than their disabilities.
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way they respond and use their othegrses or how they map imagery inside their mind. For exajsplae-
one who hasamemoryof full sight but then loses their sight could hold a clear memory of how an object or

environment looks and therefore this could be drawn upon to aid cognitive mapping.

Newell and GregaiNewell and Gregor, 200@avesuggested thathis type of design thinking requires a new
paradigm termed User Sensitive Inclusive Design"S ¢ St £ I yR DNBI2NDa Otkeg OS LI
design thinking for alto compromise slightly on the product design so that, while the design retains the
functionality required by people with disabilities, it kppeals to a wider audienfidewell and Gregor,

2000. Although this concept has its roots in universal designgtre coneptis the same aa usercentric

process.

Fabrizi and BoshdFabizi, 1995 reviewed electronic book interfaces for blind and partially sighted users,
their results showedhat over a million blind andightimpairedusersare turning touse ebooks over

Braille. The main reason for this is Braillseéen to becumbasome, expensive, bulky, amequirelarge
amounts of storage to store whole books. Electronic books offer a more effective meditnintband visu-
ally impairel to accessudiobooksand to use dightweighthigh capacity technology. Howevé&iabrizi and
Bosher(Fabrizi, 199packnowledged that the-bookuser interfa@ could be developed to inease more
userled interactions.Theyarguethat by increasing access through better orientation, data filing and loca-
tion of media would not onlymprovethe interface for blind users but for everyone. Using a system which
Falriziet al.,call Access Technology means that usersusaa screen reader application which alters the
colors text size, and rendering speech audisulting in anore comprehensivexperience fothe user. This
type of HClwork is cyclical it builds on the platforms of previous mainstream technology and adapts them
to suitasensory impaired us& needsbut this work is a twevay process and it facilitates the usadap-

tionsto goback into the mainstream markeind toincreasemore accessiblenteractions for all
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2.5 The theory d affordances

Everyday objects hold affordancesich become more apparent as we interact with théfhrough sight,

sound and touch we can identify objects, establish the properties to be exploited and establish itsase in
time. The psychologist James Gibson determined the affordances of an object in his senfiratit&/The
Theory of Affordance&Gibson.E.J., 1979n this article, Gibson offered that an object holds affordances

which allow the nature of the object to be better understood. FantizE | NJ Fdzy OGA2ya 2F |y
the user on how it is besttilized in the most efficient way. In his later worksibson expanded on the theo-

ries of affordances by highlighting objects in everyday life that could be designed to instantighititd

nature of use. The example given is a ridged metal bottle top which describes the orientation/direction to
twist the lid. A door handle and a door hinge allow for a user to understand whether to pull or push the door.
a2@Ay3a DAO a2 yrmbie curénStihésihis @pg af mddal has framed the concept of reerbal
communication of an object. Common everyddjects,can offer affordance cues whi@mable better use.
InclusiveDesignes, such as OXK are expert at designing the best el affordances for usemeed

which then makes the objectserfriendlyz Ay Yyl 4S yR alFF¥S G2 dzaS F2NJ S@S

Marieke Sonneveld and Hendrik Schifear§Sonneveld.MH and Schifferstein, 20@&amine novel sensory
frameworks to guid productDesignes to produceobjects whictoffersa tactile and even emotional reac-

tion. They reflect on the fact that in other sensory engaging industries, such as food and drink, products are
RSaA3aySR (2 YI (i Ge&nsoiykput dnifolid them plethodedf @rmotioemlgagement that

is not yet used fully in the design industry. To work with sensory engagement, specifically touch, could allow

users to feel more connected to the product, an@téby working to a notion thabesignes could consider

8OXO0 UK are a UK based inclusive design product company. Good Grips are a product range which were designed to
support wsers with arthritis.
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products which coultbecome easily understood through more of the human sensory engagement. Sonne-
veldet al., working hypothesis is that people need to feel understood #iair needsacceptedand this
should be shown through the design of tbbjects that surround theniSonneveld.MH and Sifterstein,
20090 ¢ KA& aSSya (2 adzZa3aSezio 20K3uiQ (GeSdA R L SO HINRSRSTYS RV d
sensory capacity. This then feeds furtieo i KS Wdzy A GSNEFf dzaSND Ol 6S3I2NR X
directive and less aesthietdirective.This directive, of course, is dependent on what the object is for and
howthe user is supposed to use Tthereare some objectsised in daily life that ardesigned to offer emo-
tive responseshroughtactile feedbacKor example blankets, tothing, and softfurnishing, whilst other ob-
jectsused in daily life, hold purpose and ushichcan be further determind through tactile and visual
interactions e.g. packaging, technologndutility objects. If an object is to hold the title &niversal &R
signed(UD)it needs to be accessible to aliers even if that meanthe object affords each userdightly
different way to interact and use it.

2.5.1 Non-sighted and visual impaire®diT and Abandonment
One of the founding fathers of AT for N8I communities is Ray Kurzwgiurzweil.R2018), an innovative
engineerwhas & 0KS FANBO (G2 RSOSt2L) GKS WNBIFRAym@me YI OKA
was developed early in 198@nd worked by exchanging print for speech. The users lay printed text down on
to a scanner surface ihOK A &4 (G0KSYy NBIFIR gA0GK WhLIIAO2YyQ GSOKy2ft

audio text.

There are a wide range of assistive technologies (AT) designed to assist people with low or no sight. This sec-
tion reviews the touch and audiled technologiesvhich are more aligned to this study. The main categories
of AT are sensdoridging technologies that can aid mobility and tasxteech, anahavigational aids, which

combine dual or multiple sensory inclusions.
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252BS Ay 3 YandRskisfite keBhologiacking
Despite the widespread proliferation of AT, it is commonly accepted that not all AT fitsdikilual gre-

sentand ongoing needs and not all Adesignes workcloselywith the user,using®est practic® A y Of dzad A @
approaclesandusercentered principles Given the choice AT users appear to choose more prosaic routes
of assistance, including sé#shioned assistive devigesr simply adaptingnainstreamproducts to suit their
own needs This processometimes called\T-hacking2can affod the ATusermore of a connection with

the ATitself. However the researcher would argue th&r many AT users this is not a concept that would or
should ever be consideraas we should strive for the AT to heable from the day it is procurezhd delv-

ered to userHowever for some confidenATusers those who mayhold the skills to adjust the AT, thé&xT
hacking could have some resonant source of innovations which codtideackinto the AT design commu-
nity to increase a more common understandioigreal world AT user need$IT have previouslgndorsed

the process of hacking, this was shown by their numerous examples of credible hack&THAEKonfer-
ence 2015.MITPhD Student Ted Burnell stated that/e don't want to just listen to (clighand then run

away to work on it any more than s/he wants to be the oracle of what is needed with no input into how it's
R2YSIRR&ESa 5SaA3y (Sampson.POZDISh&dsBatclieAvdyldéargue that tHeey mes-
sage here itHalanc® > (i K Sof designéi(skile8 professionafind userexpet) and thenature of the
balancebetween thestakeholdersanoffer aresultof auserfriendly, innovative ATproduct with a more

tenable lifespan

The provision of AT devices is ostensibly to assist and improve the quality of telifieeto offerindepend-
ence for the user and provide an easier relationship with their own environmidatvever, if the user

R2 S ay physicallgistiine or emotionalyonnected to the AT or the AT doest function the way the
user expected it tdhen this can lad to the user abandoning their AGven if the abandonment goegjainst

medical advice or even longer termed therapeutic value
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R Verza, ML Lopes Carvalho, MA &gih and M Messmer UcceNierza.R, 200@®ffer that even at the ini-

tial selection and evaluation points, the abandonmentie¥,can begin if the selection and user needs analy-

sis is incompleteThe staged abandonment cycle can begin as an effect of little AThoda &4 SaaYSy ad 2 F
needs or lifestyle. Theffect could be that the users become despondent with the lack of ilisabr mal-

functioning technology and this can then hamplee usef confidenceandimpinge on theiindependence

in their daily life Add to this a lack of training of the AT, inclusive of training the users next of kin/wider fam-

ily, then this could le said to be another leading factor of abandonment of Pfillips and Hongxin Zhao

(Phillips and Zhao, 1998tate 29.3% of all AT devices (UK) were abandonednuttlgi first year. Mobility

aids were more frequently abandoned than other categories of devices, and abandonment rates were high-
est during the first year and after 5 years of use. The main cited reason showilipgétal.,is the lack of
usercentric ntegrity, thereby leaving the final AT product less thaserfriendly at best, and at worst offer-

ing the user no workable form of supportive assistance. Other responses covered the lack of ease of use, lack
of ease of device supply and a change in comdlitesulting in varied needs which the AT was not designed

G2 YSSio hyS 27F (KS p¥rsorcgntricd2 A yWiRA X & 2062 (KENIMAS NG 2 2

the aid device. Cook and PoldarM and Polgar, 20)%ffers five key principles to successful provision of AT.

1) The process ipersoncentrednot ATcentered.
2) The outcome is enablement of participation in desired activities
3) Anevidenceinformedprocess is used for service delivery
4) AT services are delivered in an ethical manner
5) AT services are provided in a sustaieamlanner
Cook and Polgar highlight here the need to maintain a close connection with the user of the AT to avoid

wasting time and funds on AT which is not sustainable or useful. It is important to note that just because AT

® The abandonment cycle is presented as Lack of consideration of user opinion in device selection, poor device per
formance, change in the needs of the user, lack of training,
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devices/technologies have beemghly developed with blind and visual impaired in mind, if the technology is

too compex or stands out as being usedly by impaired users, the sight loss community may not fully ap-
preciate or fully accept it. It may only be the most interestedezhno-savvyindividuals, who would perse-

vere with AT.Lévesquestates users who succeed at learning and making effective use of complex aids may

be the exception rather than the north evesque, 200® ¢ KS &dA3IKG f2aa O2YYdzyAaide
Y2dzi KQ 2 NJ Of Apgedciiptiohfor AINERVIc&s AThid cduldHirit people with sight loss in their

access tanarketerswith potentially real and usable /accessible features. Added to this a tangderof

people with sight loss in the UK are within the brackeamméging popuation, (7585 yrsn>500,000 UK

estimated,in 2016) (World Health Organisation, 201dnd as such it is sugded that this group of people

may be wary in their use of complex new equipment whenahswer may be simple desigolutions

Levesque(L evesque, 200Dffers the following recommendations for inviems of AT for the next decade:
collaboration between the blind, rehabilitaticand research communities is crucial. He goes on totkal

the collaborative design process is the best hope for assistive devices of practidaksgmes of innovative

devices must be ready to face a natural opposition to changes that go againsintional wisdom. This

statementis in line with many inclusivéesignprincipleby embedding WLJS2 L)X S deésighel (G Q LINJ
can expect to learn more about their users and gain more chance of providing a designed object fit for
purpose. Howeveiinclusive design is more than thisith the right methodologies an inclusiigesigner
shouldusetheir problemsolvingability to bring extra added value to the u&needs and aiding the user to
achieve tasks that they never thought they would achigéggesqueconcludes by stating it must be

remembered that no blind person can speak for the entire community. The opinions and needs vary between

individuals(L"evesque, 2005
26L0Q& WYy2NXIEQ (2 glyd G2 0SS W2N

Ly (G2RIeQa a20A8i(& K26 LIS2 LIh&chdaibdy théy$ise kepeaks @auétleir | v R

sochl status and their values in life. Younger generations, whatever their disability, value technology which
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gives them a positive identity araffordsthemaa Sy a S 2 ¥ Wding doinfa@Sach fs théeEire & NJ

We normatand not seen as havirextraneeds thatmanyVIyoung peoplebelieve thatli 2 WFakitn- A Yy Q
portant as the technical capabilitestiie! ¢ ® { | RSNAGNI Y yR , GG0SNKdza adl
sistive technologies are percéWR | & ARSYy dAdGe YINJ SNBSS GKSANI aévyoz2f .
They go on to describe how AT is inherently medically linked and as such shows a user to have a form of de-
pendence. If the user is a young person conscious about theiideeifity, then AT alloation becomes a sen-

sitive issugSdderstrom and Ytterhus, 20L0For younger people AT can be viewed as a stigma, communi-

cating their restriction or vulnerabilities, rather than their abilities.

One of the assertions for adoption of thechnology was that the lines betweenmainstreamtechnology and

assistive technology are blurring, adédsignes are now becoming aware of more qualitative based notion
ddzOK a RAalIOof SR dzZASNBR ¢AaKAYy3d (2 0 BstheBiBeyidslpéersW2 NR
or family(PocklingtonTrust, 20)@&rom the athor@ own experiences, young adults with sight impairments

have refused to use magnifying glasses to read on public trangmoittis reported that it opns them to rid-

icule ormockery Evenif they enpy reading at home they prefer to listen to the book via audio rather than

use the allocated AT. Comments from thdividuals observed in Hensha@K | NA & Ay Of dzZRSR al
magnifying kit makes me look ofthughingf ' YR &, St KX Aed Bdsighnk and laugking)O6 3 N.

(seeAppendix A)

2.7 Technology and exclusions

G¢2 O0fAYR YR ySINI& o0fAyR LISNE2yas 02 YLz
AGe G2 AYGSNLINBG 3ANF LIKAOFf k GAadz £ fof T2 NN G2
mation through a process involving a sighted person who converts the visual image into a
tactile or verbal form. This obviously creates a bottleneck for any blind person who wants
access to visual information and it also generally limits his or her/atd” §Sjostrom.C,

2002)
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Over the lat decadg20072017)society has borne witness to huge changes in digitalnmachinebased
technology, and its ability to enrich everyday life. The World Wide Web has grown in popularity exponen-
tially for example 1995=16 million users Dec, 2013 = 2.Billion users (Internet world stats, 2014). PC users
worldwide interact with the internet and PC screensthia Graphical User Interface G0l The GUI offers
users icons, active buttons, etto guide users in their orientationfehe virtual space. AGUE are mainly
visually led or predicated to work with sight or sound, it therefore diminishes the access to the GUI for users
without the use of one or both of these sensory channels. This can offer an ohstatitailarly to people
with NS VI whose ansory interaction is audio, or audio and touch.
Graphical user interface (GUI) offersers added value througich aesthetics, composition, techniczdpa-
bilities, consistency etd@.hese factors go some way to describe asdeigned GUI. HoweveGaliz et al.,
arguethat GUIs could be judged more pragmatically and reduced to a much simpleri guidevhat we
see, 2) what we need, 3) how we thirfigalitz.W, 200pAlternative means ofaading a GUI/ web page for a
NS VI individuals would be:

9 an audio file reorded by a sighted individual

1 an audio digital screen reader (e.gaws)

9 Braille and tactile trascriptions via papeprintouts
The common usabilitisgsuesof GU$ forVIpeople, rather tharNSpeople, are:

T lackof contrastingcolors

9 insipid trendcolors

1 heavily layered graphics

1 dynamic buttons

1 hidden cue points

10 A GUI relates mainly to a Windows platform Graphic@rUnterface, often pronounced a Gooey. A GUI is a visually
based window with which to view web pages.
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1 drop boxes or smhfonts on alert dialogue boxes
Comparatively speaking a key list of attractions for FS people, is a distraction or the barpersomwith
sight loss. It is clear, therefore, why hapdiesignes have been inspired to source alternative means to inter-

act with GU$, which can be driven lgther multi-sensory perceptions.

2.7.1 Graphical user interfacendsight impaiment
Previously resarchers such as Mynaftlynatt, 1994 and Csapet al.,(Csapo and Wersenvi, 201i8ave of-

fered alternative means of interacting with GUI, via audio to supplement sensory engagement for people
with sighted disabilities. Csamb al.,offered that their version of Virtal Audio Displays (VAD=)uld be in-
terpreted as auditory representatiorderived from human speech, music, and environmental so(@&po
and Wersenvi,2003Ly unnd 2 SNESY @A SEI YAYSR ( #® nodaespdd &t i
dio translations to add value to users with sight loss. The outcome ef/adyal emoticon noisewaswidely
accepted and added a leved fun to the sharing communications of emotions. Wersenvi added to this via a
single emoticon such as smiling face, with a-merbal sound equivalent such as the sound of laughter

(WERSENYI, 2009

Mynatt focused on creating an auditory version of the GUI interface which has added interesting input for
haptic interfaces. Mynatt recognized the need for a set of principles, one of which was the need for a con-
stant objed for recall and memory in GUI interface and recommended this be transiatethe audio
screen interfaceShe also noted the need for iconic representation which needed to incbodlar, size and
shape of the icorfMynatt, 19949

2.7.2 Assstive technologyoverview
The expectatiomf ATis that itwill increase he quality of life for the usesind allow easier access to the eve-
ryday task. Many Adlevicescould be said to meet expectations and trag tenableto Y S S i dzd SNA Q

However, as discussed, there are many reasons whyaliTand become abandoned leaving the user to

27

y
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seek alternative assistance, usually human assistance, which in some €ases\ a&s diminishing the individ-
ual@ autonomy and independence. The following table outlines examplesspbAd although this is not an

exhaustive list, it does cover most of the important function categories of AT use in the UK.

Tablel Assistive Technology for people with sight impairment, (adapted) overview of AT categories RNIB.org RNIB, 2016).

Assistive Technology (AT) Brief descriptor and examples
Category
Communication tools Screen text transcription, speech to text aaddio. Examples

such asscreen readers and voice recorders wouldpteced
in this category and-8raille aids.

Daily living aids Tools low and high tech, which aid tasks in everyiday Ex-
amples would include:gille watches, modified utensils for
cooking and eating, easy grip handles, clothing dressingca
intelligent tagging allows people to autonomously select
clothing and dress themselves.

Environmental and travel adaptions Low and high tech tools which allow users to travel in publ
buildings walk unaided by another person. Examples inclu
audio mobile aids, low and high tech tactile maps and can
(sonic and manual).

Vision and Readingjds Tools in this category would include any aid which would &
low a low sighted individual to read oceestext, or to read it
via touch. Exampldaclude magnifying equipment/Baille
(manual) which would allow people with some low vision t
read for themselves or audio books for people without sigh

2.7.3 Tactile pictureg manual- low fidelity touchAT
Aspecialist field in NS/I AT idactile pictures, the idea being that people with sight lass trained how to

make imageshrough various means of layering or embossing and this enables them to make pictures which
can be read by other people with sight There are several ways in which to achieve tactile picinites
and high tech versions. Kennedy offers the following low fidelity tactile tools for the creation of tactile pic-

tures:

Wi LILX A (©w tiéch)2his & B version of creating a religtfure via layering varied surfaces on to sheet

card or paper (similar toollagg. This tactile picture can convey a scene or even offer directions as a map.
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Emboss and religfow tech)-plastic sheet layered on cardboard or foam surface is pressednastylus
to create an emboss effect on the sheet that once turned over can be read as either emboss or relief line.
This process waavoredby Kennedet al.,for use in observing nuances of blind drawing and understanding

(Kennedy, 199¢

Y Sy y SR @& Qshistérizaly|inveistigated specific blind participants who had already shown an interest in
NEONEB I Ay FeaWdrz ®3a §A&EHD YR o0dzAf RAy3ad YSyySReQa aid
translate and draw 2Dbjects via linear wire obpts,ori 5 Y2 RSt & @Al NI} AaSR fAyS
ings showed that people with and without sight share a commsiaorthandfor realworld objects,for exam-
ple, birds, houses, flowerKennedy, 199y Kennedy also fountthat by using simple tools such eardboard,
thin plastic sheet and a plastic stylus people with sight loss can trace relief lines in the plastic sheet. Blind
subjects were shown to feel the lines, reflect and then adapt their drawings accordingly, thereby showing a
sense of edit and redfaaccording to their needs. Heller, McCarthy and Cihtk#er et al., 2006showed
that NS individuals can match sighted sdt$with accuracy, but better their time when matching symbols
Helleret al.,also showed that predictably people who lost their sight later in later life have shown greater
understanding of objects and thereby recognized objects faster than peoplesigtihloss in early years but
more effectively than the sighted control group.

2.7.4 Tactile pictureshid-¥ A R ATshlitién® o N
The digital form of tactile picture/mapcréaA 2y A a U KS dHtIAIOQWzNGST (AS/Y | dzaCS R a2
usually maps of bidings or short distances. The imagery is created through the use of printed image on spe-
cialized paper, the page is passed through a heated base plate, and the heat swells the image where print ink
is present. The difficulty with this form of tactile frice comes when the picture is complex or uses fine de-
GFAf AYFIASNE® ¢KS Y2NB Ayl LINBaSyd 2y GKS LI LISNE

thereby the feel of the picture will become too confusing to read with bargertips
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Thermdorming (mid-tech), this form of tactile image offers a more 3D approach to a picture. Users create a
relief image using 3Palmsizedobjeds, plastic sheet is then pwin top andthis isplaced within a
YacuformOmachine. The plastic sheet nelnder the heat and a 3D tactile image is created for users to

read. The coupling of audio and touch has been shown as an aid to translate more complex imagery. Parkes
(Parkesl988) with the NOMAD device offers users a tactile map placed on a touchliakésl to a PC, the

user touches active points of the map with a stylus and an audio message relates the place name and orien-

tation cues.

Mid to low tech AT solutions have allowed people with sight,leisson impairments (V1) to interpret pic-
tures through touchalone (physical or VR). Thddition of audio (dual sensory input) can aid and overcome
the complexities or overcrowded maps or pictures. These forms of AT are not without their issues, but simple
changes e.genlarging and simplifying shapd®vebeenshown tobe useful. Touch led image interpretatio
of this type hagjiven way tather investigationson how best to facilitate digital dual sense interactions pic-
tures, maps, graphs and charts to aid a individuals without sight.

2.7.5 TheArts andassistive technology
Due to the visiorcentric nature of most art practices e.g. pting, printing, and drawing N¥Ipeople have
found it difficult to become involved with these practicesamy professional level. For N@it is also diffi-
Odzt (i 62 2 EEBdIkd pheBehtédinaa gallery context, or museum setting. Added torthiseums
and art galleriesegularlydisplay valuablartifactsopen to the publicbut use &¥5 2 b 2 BigntGemnO K Q
allythew52 b20 ¢2dzOKQ uddde kdDes arid the dotenfidl duRagei i highly ized pieces.
That said, more recently museums and galleries have become aware astiacentricnature of the exhib-
its and how this could impact \N®I visitors. Thereforél | y I £ 2 BdartiiadstaWekbeermade available
tosupportaNSt L Wl dzZRASYy OS Qo ' f 6 K2dZAK G KAshortteRRix. nthe y 4SS
longer term the physical space in museums is limited and so theselingexhibits do not exist long

enough for NSisitors to fullyutilize the facility. Museums, with the aid of haptic research communities [42],
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z

KF @S SELX 2NBR (GKS I RRSR @FftdzS 2F @A NIdz -2 K@ LAIyAIOSNI
tion. This work, although still in developmestages, has the potential to offer new paradigmsifmreased

accessibility to museum visitors.

2.8 Hapticassistive technology

Tofurther consideNS VI communityMH needsPawlukand KitadgPawluk.D, 202anform that hapticDe-
signes/researchers need to consider the following key elements: user characteristics, the level of user in-
volvement in the design procedsehavioralanalysis of user, some example insights flmehavioralresearch
that were applied to the design of assistive technology; insights of previous studies, and some examples of
current commercial AT that has &e developed for key taskg/ith Pawluk et al., key elements in mirttet
following subsectionwill provide an overview of currerstate of the art review ohapticbasedAT solutions.
This section does not attempd offer a complete audit ofiapticVR applications. Instead it offersalected
sampleof haptic ATcategorzed as the most relevarttaptics applications for N¥lusers

2.8.1 W¢ | fpdimQeamceptdesignandassistive technology
YankoDesign(Yanko, 2018aisa design EZineé", whichfeatures Designes who have beerinspired by inclu-
sive desigmprinciples However, some of th&¥anko Design producéppearto not consider form beyond
function", but rather "form over function(Schofield.J., 2008 Yanko Desigproductsare conceptdriven,
rather than usefled orbased on firninclusivedesign modelsPhilipStark a controversiaDesignemwho de-
signedthe much-malignedconcept producthe W WdzA @@he juitef whidgh@asn factincapable of juicing
fruit. Instead he Juicy Sal®heldthe status ofa retrospective style forrmndwas thought to havelevaed
the object from themundane anceveryday. Stak isrumoredto have said: "It's not meant to squeeze lem-

ons, it is meant to start conversationgWatsonSmith, 2010.

11 An EZine, is an electronic Magazine, it is common for design or style media companies to use web based magazines
to increase interaction and debate.
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ALESSI

Sophisticate your lifestyle

Figure7 Starck.P 'Juicy Salif' source Alessi.com

Examining criticaleviews on some of Yanko Design produttisre is a consensus that th#el products ad-
dressstylingissues, and offer conceptliscussion points ta wider design audience§ heHaptic Braille
Mousedesigned by Baek Kil HyiYfanko, 2018fin response to Samsung Art and Design competitiarts
at the notion of an ergonmically designed shape but laakserled efficiency.Shaped likea PGViousethe
Haptic Braille Mouswasdesigned to benovedhorizontallyacrossprinted book text allowing the N&/luser

to feel raisedrubber Braille dots through theurface of thehandhelddevice.

Figure8 Yanko Design Haptic BtaiMouse
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Thechallengeto the efficiency of the Haptic Braille Mouse, is that the width of the mouse only aiowad
sections of Braille the scannednd revealed to the usewhich makes the use of the device rather time
O2yadzyAy3ao (8¢hobeld.J{ 20¢agidein3te B@aidian (online$ y (i A Yahk& Besigh: Wow
that's amazing! What's it f@#Q daéstions whethe Yanko Desigproducts areusable useful, or just show-
casing shape anstyle over substance? Whilst politically it would never be appropriate to endbesAT
designshould becentered on shape and stylet is thel dzii K2 N & 2 LJA Y A 2 yiypdiokproducta K 2 ¢ C
asaWR S &dhc@plsupports the discussion about raising the quality and usabilitydsgeminatesiew
waysto consider inclusive desidiy challenginghe aestheticand ergonomics of current ATHoweverthis
type of stylewithout function could never sustain the title of universal inclusive designed products, and if
not challenged by users could become another number in the abandoned AT list.
2.8.2 Wayfinding
Wayfinding can be a realorld, as well as, a virtual worldpplication. Thegalworld applications are usu-
ally body mounted ohandheldhaptic devices, designed to guide users beyond the limits of Oga&itsvith a
cane. Bowmartal., K| S RSTAYSR WgleFAYRAYIQ a4 GKS O023yAilA
ronment while using and acquiring spatial knowledge helped by sensory (@@sman et al., 200Both
real and virtual environments arevewed in this section.
2.8.3 Wayfinding shoes and bracelets o )
Kammoun, Bouhani and Jenfkammoun et al.,, 200 NS 0 SR | L WgleTAYRAY3 a2
shoe. The sole is designed to offer five different typestition (cutaneous) feedback. Three of the sen-
sors are embedded in fronimiddle of the shoe and two at the back of the sole. Kammetual., proposed
the wayfinding sole solution to enable VI people who have issues of walking safely and independently. Al
hough the test by Kammounascarried out with a low numbeof blindfolded(sighted) individuals, it did
navigate the experimenter accurately and it does open the door to more investigations to vibration led navi-

gation as a way to discreetly guide a blviduser.
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C.S Nanret al.,(Nam et al., 201ptrialed a wayfinding virtual realm (VR) experiment using a Novint Falcon
haptic device. Thexperiment aimed attesting NS L dza SNBEQ [ 60Af AdGe& (2 dzyRSNAI
VR environmen Starting at the bottom left corneusers were given home cues and expected to navigate
diagonally across the virtual space. The virtual navigation was offered in three different conditions, two
types of layout symmetrical and nesymmetrical, and twaypes of density of cluttering with n= 4, 8, 27 vir-

tual objects.

¢KS FAYRAY3IA T NRIYhatvith éaRRicondlitiodZRS usér€uged short and long pauses to
understand and process their positioning in virtual space before their next mowvaslalso shown that the
cluttered space with n=27 object conditions uéied in greater navigation anf@wer long pauses, compared

to the lesser cluttered spaces nabject condition. Typicall\NS VI users found symmetrical conditions eas-
ier to navigaé than nonsymmetrical. For VI users rather than NS the symmetrical conditions wend fou

be easier to navigate. N8I users overall showed better performances on spaces with more objects in and
tighter spaces, offering that a small ngén for navigatn aids the N3/I user. And larger spaces with fewer

objects do not offer enough tactile friction to guide direction.

Sarang Shh a Yanko Design featured nelssigner developedabody worn haptialevice;the device

1Y 26y | AYadkaDedign.A20)Zonnects maps and haptics in one device. Wapticwasdesigned
in two parts,a braceletandnecklace. The twpiecesare designed tdeedinto the user€mobile phone,
which would usesatellitetechnology to locate the usemnd navigate the user through the hapjawelry; the
necklace isised toalert usersagainstobstaclesthe bracelet indicates right and lefAlthough theMapticis
discreet,it would appeathat there could be dengthy adjustment period for the usés become accus-
tomed tothe seriesof hapticvibrations and buzzer alertOnce again, thélaptic opens the creative discus-
sion of creating discreet and styled assistive technology, but with the pateyntial userled issues the

Maptic use isquestionabeé.
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Figure9 Yanko Design Body Adorn
Jewellery

Chapter 2 haexaminedvariousaspects relating téhe present study.This chapter hashown thatpositive
advances have beanadein DesignesO 2 Yy & A R S Nuith/variedihdedsshild2velopingnainstreamde-
signproducts and services withiauniversaldesignframework A picture ofiving as a N¥/I individual is
presented to offer he reader more of an insighttimhow members of the sight loeemmunity cope day to
day,and how Agaffect/support their interactions with common dailytagties. The chapter went on to
present a synoptic view of the statd-the-art of AT, specifically linked to the sight loss communityr&he
was asharp focuswithin this chapteron ATabandonment and how to avoid this issue by using more inclu-
sive degin principlesand elucidated at the option of AT hacking as a way to restart theagsdered discus-
sion within AT design communitida thefinal sections a review of Adw/mid-range fidelitywasdiscussed
along withcurrenthaptic AT solutionswith accompanying critical reviesentered on discourse around
WF2NY 2 O0SNIRTFdMODEN2AWEA  LIAvRich GoQldereRyie RistyssicdLiof (DtBraTlda-

sign.

This chaptewas designed to workith Chapter 3,and together it is hoped thelyave pesentedliterature
with the intention of underpinning the rationale behiritie need for the creation o€ase Study and2 (CS1
and?2). Thenextchapter Chapter 3)defines the workings and use lefiman touch perceptioand sensory

systemtogether with ashortenedaudit of MH applications.
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3 Haptics (humanand machine)

This chapteis the second ofwo literature review chaptern this thesisThe first half of the chaptetis-

cusses relevant factors of tRBumanhapticsystem Human haptic to inform othe variety of touch and

tactile perceptions that the human hand and skin are able to communidékesecond half of thishapter
discusses haptics used to augment touch sensations to the body, but commonly theTvamanain forms

of haptics technologwill be mentioned in this chapter (cutaneous and kinaesthetic), but most of the litera-
ture is aligned to kinaesthetic haptics, which has been used in the experiments in the thesis. The haptic liter-
ature ispresented inthree parts 1) Human and Machine péics, 2) Haptics ancreativity, Haptics angight

loss

All of theliterature reviewedin this chapter and chapter 2 will culminate in providing a literafuaenework

to add greater understanding to the empirical work in chapteesn86.

3.1 The categorie®f human and machindaptics

Saddiclet al.(Saddik.EL, 20) state thatthere arecommonlyfour categorieof mechanical haptics
1. Human hapticg human plysiological interaction with the real world
2. Machine hapticsz human interaction with the virtual world via augmented touch
3. Computer haptics; Concerned with developing algorithms to render 3D virtual objects and shapes
haptically
4. Multimedia hapticsq developing the visual and audio haptic sensory interactions within a virtual

environment

3.2 Anatomy of the human hanénd human haptics

Although human haptics covers the body and the hand. Here we begin witiuthan hando revealits

complexityof anatomybut the simplicity of its role to touch, toevaluate object@nd their propertiesvithin
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the realworld. The hand, palm and digits are all essential in the processing of passive or active touch activi-

ties.

Action: flexion of all inter-
phalangeal joints of fingers
IT through 'V, as well as the
metacarpophalangeal and

(in some situations) wrist
joints

Figurel0 Anatomy of the hand Source: Wikimedia¥to 6 D I
Anatomy fig. Nos. 426)

The complexity of thbuman randis clear when we see that in just otieere areup of 29large andsmall
bones, 123 ligaments and 34 muscléisis easy to take human haptics for granted, although without it we
would not be able to interact and complete everyday tasks. Thralgland humans cagrasp, gripfeel
temperature pain andnteract andperceive the world around usBut more than this human touch can reas-

sure, comfort others.

Through bimanual interactionsiumans use&ombinations of passivendactive touchto conduct dject ma-
nipulation, and establish usabtdject propertieson-the-fly. Mandayam, Srinivasan, Biggs, Liu, Schloerb,
and ZhouyMandayam et al., 20Q5tate that it is essential, in the field of haptics, to gather the basic science
of understanding human haptics support thesettingup of the specifications for thgperformance of haptic

machines angbrovide answers to the research questions.

The following show diagrammaticosssectionsof the mechanics pertaining tihve two known forms of hu-

man hapticzutaneous and kinesthetic
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1 Cutaneous: offers sensory feedback from the skin and the nervousnsystneath the skin, cu-

taneous sensory input could offer pain (nocicepspreontact, or hot or cold sensations.

o a Meisner's
oy, Corpuscie
Homy Layer
q Merkel's
Epidermic Disks
Pacinian
L/
Corum
Hair-follicle
Receptor
Tactle
‘J) Dk
Subcutaneous
tissue Rutfini
/ Ending

Figurel15 A AN} ¥ 2F (KS ONRa
Al e

& asSOGAz2y 27 Kdzvly &aila
€2 Mppc

Kinesthetic: offers a perception of body movement or a static location of limbs via receptors in the muscles

and joints. Kingketic perception could offer grasping of objects with both hands via digits, reaching, activi-
ties where the body or limbs are actively moving.

/ Ib afferent

Figurel2 Proske and Gandevia [62] illustration of tBelgi tendon for kinesthesia.
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3.2.1 Human lapticsensory system
RoblesDeLaTorre(RoblesDe-LaTorre.G., 2008poses the qustion W Hhat would be worse, losing your

sight or losing your sense of toud?ost laypeople will immediatelgelectsight lossas being the worssen-
sory lossas often it is considered to baore prizedin societythan touch.In his 2006 papeRoblesDeLa
Torreargues thahumansactuallyuse touchmore than sightusinga weltknown patient case studgs an
exemplarRoblesDe Torre presents patientwho had lost alform of sensory perceptianFrom a place of
zerosensory perception, it ihen perhaps conceivable that Robld3e-Torre could then map onto this pa-
tients somatosensory systetime system of a healthy persdaa compare and contrast somatosensory system

and the nuances dbuch.

Saddik.EL,Orozc,,A, Mauricio, Eidaid Cha,Saddik.EL, 20)discuss thevaluesof touchadded to other
aSyaz2Nk NBOS Liiaxdndbinatioyi of vk & mérervdaliti@sxcan be used to characterize sen-
sationssuchas roughness, wetness, and vibration. A human would not be able to sensespmhd to the

physical environment without these tactile receptors located aberentire bodyé | 2 6 S@SNE { | RR
also note that computer scientists have paigkate attention to sight and sound leading to the development

of multimedia experiencedJntil recent years touch (haptics) has not been seen as a viable way to interact

with objects, or data, otscreen.

Often, without conscious thought, we use our hands tplese objects via both cutaneous and kinesthetic

modes interchangeably. For example, imagine the simple act of reaching out to pick up a warm cup of coffee,
the arm would reach out to the table where the coffee is placed (kinesthetic), the hand wouldiagpan

and then close to grip the cup (kinesthetic), this enables you to feel the warmth of the coffee through the

cup and the textural surface of the cup (cutaneous). The arm would then bend and lift the cup, feeling the
weight of the cup, to the moutfeeling the warmth on the lip (kinesthetic/cutaneous). Finally we place the

cup back on the table (kinesthetic). Obvioush2 a & LIS2 L)X S g2 dz Ry Qi oNBI{ R2g
in an everyday act, such as using a coffee mug, but this small exaempés as a way to highlight our sense

2F (2dz0K |yR KA3IKfAIKGA K26 2dN) 62ReéQa G(2dOK agald
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3.2.2 Muscle and joint sensations (ksthesia)
Between the years of 1867950 it was debated whether kinesthetsense (limb motion) was somehow

driven by sightHelmholtz, 1878 In 1900-1950 it wasassertedthat the muscles and tendon fact,had
their own sensory receptorsvhich fedinformationto the brain to further understand thémb orientationin
relation to the body. Shé&tan (Sheridan.T.B, 19¢discusses the force control similarities between human
and roboic limbs, he presents human and machine of volume to pressure impedasicewingFdivided by
velocityVs OKLF NI OGSNRT SR o6& bSgid2yQa Ay S NI N EgtionBA O f
and stiffnesKof the body being moved,e., in [aPlace nation .

£s) =Ms+ B+ f‘-

V(s) s

Figurel3b Sgi2yQa [ AYySI N
in LaPlace notation (Sheridan.T.B, 1961

b S ¢ ( #ngadirectionaformulacan be used to descriliow humans can control their limb position
in space and stop or start their muscle control at wikjreaestheticrobot armcan mimic énuman arm

in that it canbe programmedo change positionand hold its position in spackinaesthetic haptics are
often used to replace a limitation in some people, for examgieéed to the leveimovement or fine
motor skillsdue to a condition or illness.

A healthy human body is able toove limbs in space and acknowledge where there limbs are in relation
to the body.Proske and Gandev(&roske and Gandevia, 2012ate that the action of moving limbs
without needing to conscioushecogniz the act is due to the proprioception system. Receptors in-
volved in propriocepon are located in skin, muscles, and joints. Information about limb position and
movement is not generated by individual receptors, but by populations of afferents. Afferent signals
generated during a movement are processed to code for endpoint posifianlimb.Proskeet al.,offer

the two schools of thoughtegarding the control of th@roprioception sensgone that it is entirely con-
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trolled by the brain(ProskeU., 2012, whereaghe otherassersthat each muscle can hold the infor-

mation in receptiorindependently(Proske.U., 2012 BastiarfBastian, 1888(who initiated the term
kinesthesia) believes it is a fusion of brain and muscle reception which allows the movement and under-
standing of limb positioningProskeand GandevigProske.U., 20)2advise it could beonsidered that
kinaesthetic information comgfrom the muscle spindleas shown by the findingshich showrecord-

ings ofsecondorder neurons which link directly to the pathway leading to theuscle spindles

3.3 Activetouch perception

The active touch perception involves dynamic explorations of an object or an environifecbntextualie
this, imagine feeling foa light switchin the dark:youmaynot be able to se¢he switchbut your sense of
cutaneous and kizesthetic touch perceptions would allow you dgnamicallyfeel around thewall searching

for the switchwithout sight.

Cerebral Cortex Thalamus

Hair
/

Nociceptors

Muscle Fibers

Motor Nerve
Fibers

Figurel4 Diagram of how touch pressures and pain are perceived in the brain, inclusive of aerties diagram of the receptors in
the skin source: Zimmer 2009.

It is well known that sight is seen as the primary sense in the hodyoften considered the leaskenseon

many interactions. blwever, it has also bee acknowledged that people do noften need to view an object
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to useit; working from the previous coffeeup scenario, often one would ntmok at the object (cup) on the
table before reaching for it,sit is often gpassiveact. This can also be observed when a person is searching
for an object in a pocket or bag, the individual would manage to find the object without looking in most
cases. Lederman and Klatzky state:

oPeople often interact with and amipulate an object without looking at it; to do this, they must

know what the object is. When we dress, we do not have to fixate on buttons to fasten them; we can

find the button and buttonhole by touéh (Klatzky and Lederman, 2000
Lederman and Klatzky show in a previous pdféatzky, 198kthat 100 familiar objects we recognized via
touch alone and within a time mode of 2 secs or less. Lederman and Klatzky summarized the way in which
we can assess and name an object through touch alone which has shared elements with memory and sight.
To evaluate the nature of the @dxt, it was noted that touch perception relied heavily on texture and the
materials of the object, using the memory of the object materials allowing subjects to evaluaisaha the
object quite rapidlyKlatzky and Lederman, 20QGderman and Klatzky, 2003

Turvey concurs with this notion and he states,

dPeople can perceive a number of spatial and other properties of objeittut the benefit of vi-

sion, simply by wielding and hefting the objebf&urvey, 1995
The most widelyecognied exploratory perceptions (EPwere definedby Lederman and Klatzkihatzky
and Lederman, 20000 Y G KSANJ RSLIAOGAZYya 2F WSELX 2N} G2NE LINERO
man and Klatzky investigated touch long before touch was seen as a psychological topic for discussion. The
most commonly cited of their wonkas a series of experiments in which they expressed how participants
explore common objects using set patterns B8§ESubjects were asked to handle a series of objects without
being able to see the object or their own hands. Participants were recordedlihgrsingle common objects,

and the results showed althoughe different subjects had nknowledge of exactly how they were exploring
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the given objects, mosif themfollowed a set pattern of exploratory procedures and thiss seen through-
out the group Lederman and Klatzkork also found that when a person wishes to explore certain proper-

ties of an object they use particular forms of toumid contact with the objeci(see Table).

ks ) Ry - 2
9 iy &
£

Lateral motion: Pressure: Static contact:

texture hardness temperature

i P A f <Poh

\/ ¥ ) q) { q & ) 3
Unsupported Enclosure: global Contour following: global
holding: weight shape, volume shape, exact shape

SENSATION & PERCEPTION Je. Figure 13.15

Figurel5 Exploratory Procedures(EPs) by Lederman and Kle
(Lederman.S.J, 2009)

Table2[ SRENX I Yy QaQ & yiRNAVW O AGL1Sa 2F 9ELX 2N 02NBE t N2 OSRdANB A ¢

Contact Associated exploratory procedures
Lateral movement Associated with texture encoding

Static Contact Associated with encoding of volume astthpe
Pressure Associated with encoding of compliance force
Unsupported holding Associated with encoding weight

Contour following Associated with encoding of precise contour

Through theirseminalworksLederman and Klatzkgvealed that thehumantouch systemis a fully cognitive
system, playing a role in the direction of attention and providing a substrate for conscious and implicit
memory(Lederman and Klatzk2003. The tactileproperties of an object can be kepttime memory and
used against the same object when examined a second time, thereby making fuplogationsmore

expedient.
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3.3.1 Tactile scanninaka touching)
Active touch, in the bodyworks viadynamic contact with an objesometimes called tactile scanning

(Gibson, 196 andis oftenpresented as anixture of touch feedback®r example texture, force/pressure
and temperature feedbek. Often these sensory feedbacks ovefiapexampletexture and the temperature
of materials. This form of touch is often used by NS individuals to ascertain surface or object information at

speed, many link this form of touch with Braille readers.

Millar (Millar, 1999 recognied that any act of movement near an object has an effect on the haptic system.
Millar alsorecognzedthe use of creasmodal perception, anduggests that the information from one sense
modality (touch) can be passed to another (vision) for further recognition aniysieaf the stimulus.

Ittyerah (Ittyerah.M., 2013 explairs that haptic exploration of an object is efficient when examined in a sys-
tematic approach rather than an ad hoc tactile approach. Ittyejadtifieshow the body angle is a consider-
ation for accurate recognition of an object for blind participafittyerah.M., 2017. In their study of blind
participants Millar and AdAttar (Millar and AdAttar, 2003 found that accuratelgentering the body position
aligned to the desktop, aided the outcome of the tactile task allowing for better object recognition, than

whenthelLJr NI AOA LI yiQad o62Re ¢ta |G +ty |y3aftsS G2 G4KS RSa

DAO&Z2Y QA& megedsokidtzli & § N (i (SiBsom T9&R highlighzsithe positive results

gained from ative touch versupassive touchGibso® active touch study used six cookie cutters (2.5cm
diameter) which were pressedtmthe palm of participants to allow recognition of the edges of the shape

and therebyrecognie shape itself. Comparing passive and active touch via three congli@bson found

that active touch was superior to passive and fingertip searching was more effective than pressing the shape
on to the palm. Some dhe later touchbased researchers have questioned some parts of GBI962

WPookie Azl I S NILodnis 498 INblermahoomis and Lederman, 1986nsidered whether all of the ac-

tive touch benefits were down to participants given the opportunity to control their active touch or down to
the sendivity in thefingertips WagnefWagner, 201%in his 2016 paper questioned the background review

02 DA O a2egedallyDX dIEaQhat active touch had nbeen esearched in any detail prior to
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1962. Wagner goes on to discuss varied psychophysarks,ranging as far back as 188¢here active

touchwas considered in a novel waia fingertip scanning of stimulus.

Active touch has been cited as a common skilbagstNS Vipeople, particularly in the tactile interactions

of raised line drawinds. Several researchers, in the field of physiological studies, have examined the usabil-
ity of raised line drawings aftbwNSA Y RA @A Rdzl f & W NEB acieouchiKSnellyY19FS i K NB
Heller, 2005D'Angiulli, 2011 The issudor NS people is not in the perception of 2D line raised drawings,

but in the perception of 3D shapes. The spatial understanding and the depth of plane of the shape in third
dimensions often confuses mental imagPgard, Albaret, and Mazel(Ricard et al., 201)4emphasized the
importanceof raised line touch pictures fddSindividuals particularlyto gain a betteunderstanding of the

image andetain itto memory. Picarct al.,indicate the use of haptic semantatieing(audio) with the aim

of improvingunderstanding of raised line imagfor VIchildren and alindfolded FScontrol grougPi-

card.D., 2013 The study results showedegter accuracy of identification and speed of idenéfion of VI

over blindfolded, FQroup. That said, interéiagly there were commonalitiesetween the groups including

the ranking of the difficulty of identification. Although the results showed Wiachildren had shown better
performancesjt wasassertedby Picarcet al.,that the study had not shown axamination oW K | LJGA O 2 VY

without the audio cues, and thihould be considered for futuneork.

3.4 Machine Hapticsaand haptic terminology

Machine haptic devicesxtend human touclperceptionsinto the virtual realm(VR) El Saddik, Abdul-
motaleb, Orozco, Mauricio, Mohamad and Jongeun state that,
& Lggneral, haptic interfaces have two basic functions; first, they measure the poses (positions

andor orientations) and/or contact forces of any part of the human body, and second, they display

12 Raised line drawings are simple line drawings, using a plastic medium, the lines are drawn and felt in relief on the
backside of the medium.
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the computed reaction touch to a haptic scene that populates touchable virtual objects with haptic

properties such as stiffness, roughness, frictiondégaddik.EL, 201
The division of haptic foraeuld be defined as either forekeedback devices or tactile (cutaneous) devices
As previously stated the preafence,in this research programmesto use thekinestheticforce-feedback de-
vice. his is due to the similarities difie device tohandson kinesthetiqguidance in that as previously stated
NS individuals are often physicaliyided by human assistants assist their orientation and navigation
within their environment. The single point probe of the Geomagic Touch dewie specifically selected for
the studyas it isnot dissimilar to the graphics stylus used within the design industry for gralglgsign
work. VI desigers and desigstudents would be accustomed to usitige singular directional styluss a de-

sign toolto engage with graphics escreen, alongside the computer mouse

3.4.1 Bidirectionalforce
Machine hapticzan afford usersi-directionalforce,akin to human directional interactig MH user can

apply pressure to a virtual object and the object ¥a#dbacka respondingforce. Prior toMH, simplerforms
of singular directionainteractionwere used to interact with objects on scredar example PC mouse, key-
board, or graphics stylughegraphic styluscould affordthe usera slightfeeling of drag or pull, bit can
onlyg 2 N)J 2y H5 LI Iy Sa2pa NK BIREE Sadardgiafhngst@uRcamnét opérate in
the 3" dimensionwithout some form of haptic feedback attached

3.4.2 Haptic terminology
x  Force feedbackA force simulation provided in the virtual world and felt in the real world. A force

could allow a user to feel weight or force resistance against the hand.

x  Multimodal - A mode is a term used in many different disciplinesumancomputerinteraction
(HCI) mode is a form of communication of digital data to a humanfasexamplevisual, audio.

Multimodalrefers to multiple forms of communication.
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Haptic percepbn - (HP)is the process akcognizig objects through tach. It involves aombination
of somatosensory perception of patterns on the skin surfaee, edgescurvature, and texture) and
proprioception of hand position and conformation.
(staff.uob.edubh/files/600435156_files/MCM250_Haptic_Perception.pdf)

Kinesthetic sensethe sensation of muscle contraction; awareness of movement or activity in muscles
or joints; sense of position or movement mediated largely by the posterior col(foursd in

http://medical-dictionary.thefreedictionary.com/kinesthetic+sehse

Virtual environment A digitized space which simulates objects or environments in the real world. The

virtual environment can be interactive and immersive.

Immersive- A virtual environment which creates multimodal forms of interaction so the user feels en-

tirely involved with the scene or exploration.

Proprioceptive Relating to sensory information about tetate of the body (including cutaneous,

kinesthetic, and vestibular sensation®)akley et al., 2002

Renderinghaptic)- refers to the translation between the computed interaction model (which might
be, for example, a static or dynamic collection of virtual objects to be encountered with

an actuated probe) and the command sent to the actuated déMeelLean, 2008

Vestibular Pertaining to the perception of head position, acceleration, and decelerébakley et

al., 2003

Tactile- Pertaining to sense of touch, but more specifically the sensation of touch surface feel, or sur-

face properties(Saddik.EL, 20)1


http://medical-dictionary.thefreedictionary.com/kinesthetic+sense
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3.4.3 Humancomputer Interaction
Thevalue and functionality afiCl system are that theyclosethe gap between the physical user and digital

machinefunctionality. Far the purposes of thithesisstudy,basicHCI principlesvere reviewedto enhance
inclusiveand usabilitymethods It could be said thata human designing an interface fother humans
should be the easiest brief possibiéf. course it is notthat easyas every persohas their own set of histori-
caland physicaheeds, heir own history of culturakocialandeven political beliefsA user can alsbold
their own set ofacademiainderstanding, reasoning, aesthetical demanalsilities and expectatiornsf the
technical interfaceFor examplemany NSVI usersmay not have had the opportunitige use ICT throgh
their early education year3.herdore as adults ashey havenot beengiven enough chances to usdat dig-
ital skillsthey may holddue to thelimitationsto accessGUI and technology. That saidore recently many
researcheg/ Designes are becomingnore involved in creating uséed technologies and devicagichoffer

more access to disabled PC users.

Humancomputer interactiongHCl)Yesignes need to take ito account a number of guidelines and even
legalities surrounding the desigteliveryanduseraccesgo technology and interfacesMany of the guide-
lines are often too generic, or es ambiguousand hencedesignes need to develop morspecificuserled

guidelinesbased orphysicaluser responses

David Bnyon(Benyon, 200poffersone suchframeworkto supportthe design of Huma€omputer hterac-

tive system#devices- PACTramework:

P AC T Framework: People, Activities, Context and Technolog

Each letter of the PACT framewaRables thedesignerto build a picture of the(user)persona.activities
required to test the digital systemcontextof the HCI system, and the technologies required to complete the
project. The next stage, in line with design protocolghisdevelopmentof HCI To revert back to PACT, @ac

section of the framework cabe brokendown to develogt further. PACT begins with people, beginning with
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user understanding, their understanding of the systand thedesignesunderstanding of usefToinvesti-
gate user understandindesignes often undertake varied levels of observatiordaecording user activities
eye trackingetc., qualitative evidence camncgpsulateuser need andevaluate user understandingf the
digital systemEvaluatiosfrom userare crucial designes need to be agile enough to consideser evalua-
tions and whathis could mean to the next phase of concept design or proof of concept.

3.4.4 Haptic rendered interface
alaaAST Ay KA& G(GKS&aAaz adl

(p))

a GKIG a+Aaadzrt FyR | dz
a computer as naturally as he would intergcth G K KA & Y I (i dfMassie. TSIgIAMabER yoesoyl (i @ &
G2 2FFSNIGKS o6SySTAada 2F oSDfyl3aa® t 5T aSIRA ANBA YOK  GKWI
actually touch virtual objects represented in the computévassieT, 1993 Since Massi@ earlywork, us-

ershave beerenabled to interact with a haptic rendered interface which enables thepetaeive bidirec-

tional force feedback from 3D graphical objects. Many users, using haptic rendered interfacesvawuld

find it difficult to distinguish the haptic force pressuresrtoeal pressures, and the mimic auditory feedback

from realworld sounds, as haptic rendering has become so sophistiGatddealistic. Massistates that a

lot of what we do with our hands allasws toconfirmwhat wesee to remember the interaction and to es-

tablish cognitive mdels from what we interact witiMassie.T, 1993 These points could beaid to besome

of the reasonsvhy appliededucational and trainingrogramsare now in¢uding haptic rendered interfaces

and devices.

3.4.5 Haptic (machine) limitations , ) ) - ) o
MacLeafMacLean.K.E,20)B a1 a%~ &2 KFd4 adlyRa 0SU06SSYy OdeMaplxy o KI
Turing test that is, attaining the ideal state at which the user is unable to distinguish the feel of real versus
NEYRSNBER 202S00aKé¢ {KS ada3aSada GKIFIG KFEILWGAO RSOAO
isutilized for its purposei.e. GeoMagic Touoh device (singlgoint device)used to trace curves and sculpt
shapesthen the haptic Turing test could be said to be close to achievable. Howkaerser wishes to use

one form of haptic device for multiple tasks, closewioat the human hand can achiewen currently this is
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not achievableTo aid a truer fidelity of touch haptic designers must first decide which user would use the
device followed byvhat form of touch theyrequireand select thénaptic deviceaccordingly The following

table outlines some of the limit&ns for current haptic devices.

Table3a l O SIFyQa KIFLIWAO fAYAGIGA2ya RSAONRLII2NB o6al

Haptic mode

Issue descriptor

Reasons

Authors

Kinesthetic

Jitter, or instability of 3D

rendered model on screen

Caused by lack of
dynamic software
range or refresh

rate

MacLean, 2008,Chand
Tan, 2002; Colgatnd
Brown, 1994; Gillespiand
Cutkosky, 1996

Motors are too
weak, updates are

too slow

MacLear2008

Model feels wrong

Rendering is
wrong, the model
is unrealistic to ca-

pacity of rendering

MacLean 2008.

3.5 Geomagic Touch device

As previously discussed tl@eomagic Touoh, is theselected devicgutilized throughout this

study(CS2,3nd4). The nativations for using this device have beewoted above, but on a technical basis
the Geomagi@ affordance o8x Degrees ofreedom [6DOHRheans that it offers the highest form of de-
grees of freedom of any other off the shelf MH at the time of this rese@rogramme The 6Dofan be
broken downinto three directions, 1) forward tbackward 2) left to right, 3) up and down, as well as utiliz-

ing three rotational axis values of X, Y, Z. Identification of objects usinGebenagic Touohfeedback can
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be dividedinto six haptierelated objectcharacteristics: hardness (elasticity and plasticity) of material, tem-
perature, surface characteristics, shape and size of object, and weight and b¢damreveld.MH and
Schifferstein, 2008

ScaliShllito, and Wright(Scali et al., 20Q%re one of the many research groups to k&sesthetic haptic
(historically known as the PhanTQlvhni). { O $tudyQSy G A (1 f SR pesditkd/Mprk Willciafs Q
makers. The haptic tool was considered appropriate to tesigh process due to the-lirectional feedback,

the ability to interact with 3D points of a 3D object in virtual space and the ability to include multimodal addi-
tions, to widen the sensory engagement, aid user immersion, user navigation and objecttioterahe per-
formance measures @he Geomagic Touch device are shown in Table 5 and image of the figuiael17

shows a diagram exemplifying haptic collision detection.

Tabled Performancemeasures and specifications source: Gepenvebsite (SYSTEMS, 2017b)

Force feedback workspace ~6.4Wx4.8Hx2.8Din>160W x120H x 70 D mm

Footprint (Physical area device base occu 6 5/8 W x 8D in~168 W x 203 D mm

pies on desk)

Weight (device only) 3lbs 15 0z
Range of motion Hand maement pivoting at wrist
Backdrive friction <10z (0.26 N)

Maximum exertableforce at nominal (or- | 0.75Ibf (3.3 N)

thogonal arms) position

Continuous exertable force (24 hrs) 0.2 Ibf (0.88 N)

Stiffness X axis > 7.3 Ibs /in (1.26 N/ mm)
Y axis > 13.bs /in (2.31 N/ mm)

Z axis > 5.9 Ibs/in (1.02 N / mm)

Position sensing [Stylus gimbal] X, Y, z (digital encoders)

[Pitch, roll, yaw (£ 5% linearity potentiometers
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Figurel6 diagram ofhaptic probe dynamically interacting with 3D objects anc
tural grooves in VE (authors own)

3.5.1 A singlepoint ¢ kinesthetic force device
¢ KS (SNM2AWGYIRS O AanBunthBpieS N poiltLthesesSible to use to controtrack

andinteract with virtual objectsPreviously the singtpoint of connection wadacilitated via a thimblend-

effector which the useattached to ther finger.In more recent yearghe thimble progressed to a rig&tylus
(sometimes called a probe) with asingle dipdpb ¢ KS F2NODS FSSRol Ol A& LISNDSA
connects to a plane or 3D shape, once the point in the shape is connected theiligeel astiffness or a

resistance to the 3D object or plane. The siqgbint haptic device has two contact sensors which measure
positioning in VR and translates this to the force required for the user to feel a resistance to a solid object.
Force, ottorque, are applied through the stylus or probe to the user at a minimum of 1 kHz allowing the user

to feel a sense of force resistance, most modern devices provide a range of forces. The movement of the sin-
gle-point device around a 3D object to identiind trace the objeds known as active/dynamic touch inter-

actions.
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3.5.2 Application and efficacof a singlepoint haptic device
As previously discussed a singieint device uses a single end effector to trace and hold contact with VR ob-

jects. It could b said, to some extent, that the limitations of the fidelity of stimulation using simpglet de-
vice is due to theinglepoint of contact with a virtual object, as in the real world we naturally have five to
ten points of contact. Howevethe limitations of a singlgoint device can be bridged if thdesignerexploits
the affordances of the tool and uses it for salient actions akin to the (lseosvn touch interactions. Irhe
case of NSVIpeople the touch interaction via a linear, tracing actioprisferred andutilized readily. FoDe-
signes the use of a stylus singbmint probe to interact withcomputeraideddesign (CADnodelingis com-
monly known anditilized readily. Thereforethis study has selected the singbeint probe as the device
mostcommonly linked to both user groups in the study programme.

In order to assess the benefits and impacttud selected haptic device on N8 and S design novices, the
author felt it would be pertinent to understand the findings of otlrecognied authors in other fields con-
nected to either the usefosinglepoint for teaching, NS/I assistance or design process. Many different
fields of research and practice harezognzedi KS 6 Sy SFTA (G a | YR LBYWE dlighd SNI2 T
For MH interactios typicallya singlepoint kiresthetic devicéhas been used with various end effector adap-
tions to refine the single tip for appropriate ua example surgical, clinical, rehabilitative, teaching/train-
ing, applied disciplinesdesign, engineering, gice and cultural industries. See further reading

(Amirabdollahian, 201,Minogue, 2006Shillito et al., 2001Brewster, 1994Colwell.C, 1998

3.6 Haptics and creativity

361 WI I FK& | NI &
The ironically traditona. 02y @Sy G A2y a 2F GKS FNIa LINFOGAOS 0! YO

be said to be merely semantics, this title alone can often be misconstrued to think that visual arts are a

purely visual based practice. In fact, the researcher watgde that visual arts are often better experienced
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via multimodal construction techniques and viewed in the same manner. There are many different subcate-
I32NRASa 2F WIENIAQTX RSLISYRSyl( 2 ycladskdlyiswalfile2anskar@ cod-K S | N
nected to 2D graphical, drafted, printed and paintetyifacts

Sightimpairedindividualsalsouse arts and crafts to express their creativity @t usearts for its therapeu-

tic value Touch can allow humans to become immersed inctieetive processthat is to sayt canoffer a
FSStAy3d 2 tSaasSE, Z@). This faNiBu@r experience was witnessed, by the researcher,

from observations collected froi8SL, fieldwork at Henshaws College. In a particular instance, three AM

LI NI AOALN yia ¢ Sl TRabisitGssypariicular AMs WEre @ihisi@easdkilled painters,

and they claimed to be able feel the tone of thecoloredpaint they wereusing by feeling the different

weights ofcoloredpigmentinthe paint5 dzZNA y3 2y S 20aSNIBF GA2y aSaarzy |/
FSSt 2F Yé LidzNINE $Ksiivioto thitiSguR befsaid tabe related to the AM5 consistent

use of dgs and pigments and only being able to use their sense of touch. However, from successional obser-
vations and consultations with Henshaws experts it can also be suggested that some AMs held particular sen-
sitivities of tactile sensations and perceptions whaded their process.

To aid AMs interaction witholor, varied innovative manual assistive techniques were used. One particular
method was to use rubber solution within tleeloredpaint. This allowed AMs to apply a rubber mix me-

dium, with a naked handrdingertip, through a textured mesh on to varied substrates, often the medium

was arranged in some form of pictorial imagery. When dried with warm aiical@edrubber mixture

would expand and harden thereby creating a tactile relief line to haptitralte with a naked fingertip or

(SN

LI f YO ! y2IKSNI G§SOKYAIjdzSES F2NJ . NI AffS NBFRSNAQS
marycolorsrubbedinto the surface. The AMs knew tleelor ranges wererossmatchedto the grade of
sandpaper, fom this it could be established whicblorwas which just from the feel of the paper. The sand-
paper/ color chip method als@rossreferencedwith the sandpaper label on the paint bottle.

NS art charities such as, Henshaws College [UK], Art beyondisdtjt and Blind Arts UK, have all stated

that NS participants have been shown to have adept active touch, specifically observed when working with
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arts/crafts. NS artisans are more adept and predisposed to handgpplications and construction processes
as they hold skilled sensitivities to touch. Todet and multimodal interactive arts have been exhibited
2YytAYS 2NJAY b{ IINIaQ @SydzSa I ONRaa (GKS O2dzyiNEO®
mously in some cases can be as simplehafiging the lighting in the environment or working with arts ma-
terials in more interactive ways.
The RNIB state
Galyeée FNIAata RSOAEAS aAYLX S: &8SG Ay3aSyArzdza ot @
to making art after losing their sighthis might involve developing new techniques or using different
S|j dzA LIYFB\WYB(i20%2019
Whilst touch is important in the process of many arts, within the context of Visual Arts, it can be seen as only
producing applied craft workoften viewed as a lower valued form of art. Historically craft was given the ste-
NB 2 (G & LIS hanespwes AlyyR Wl 1 SNE bveNBalitiskilBglelsi Graftkwierte Rurely
something housewives did to pass the time. Howeuemore recent years, the Crafts Council have forged a
ySg tS@St 2F ljdzartAde (G2 ON}XFGSR 202S8S0Gax G4KS t106S

out massproducedmanufacturing process.

Figurel7Anexample ¥ G KS LINB OS
I'FYyRAQ FTNRBY | Syakt
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Charities such as Henshaws Arts @pdor Blind and Visually Impaired have picked up on the modern value

of handtouch or handmade artefacts and have purposefully used the Cratfts title to aid their plight to recon-
nect society with a unique, skilled product, whilst also enabling NS artisarmpportunity to sell their work

YR LINI Ol A @5 Qi MMNIDVICIAYIRIZNE mMp X RSY2yaidN} §Sa GKS
AMs. This procedure is one of many unique assistive procedures devised by Hdmstsastaff to aid and

guide AMs in their work. Henshaws staff particularly have set manual guidance rulings. For example, rulings
specify specific touch points on the AMs body usually the wrist or the crux of the elbow. AMs are usually
guided this way when navigating physical studiacgpas well as navigating artwork. Guiding hands has been
shown in practice to aid the AMs mental mapping of their artwork. It also allows recognition of where the

artwork needs to be developed further.

3.6.2 Humancomputerinteractionwith 3Dcomputeraideddesgn (CAD)
Sener and Wormal{Sener.B., 200have targeted the rather limited research area of HCI for 3D CAD. Sener

et al.,reports that there are only two main CAD systems which support concept generation, Free form® 3D
SystemsGeomagic ToudBystems, 200)7(wasSensablgl Y R ! £ A | & { ((@Roka?l 2017 Tali 2 5 S
O2dzy i SNJ GKAAZ FyR (2 NBaLR y RsignonckplgenkeatipiNBedaral. OF f f F
designed varied contexts for concept generation. Eleven concepts contexts were presented to sixteen UK
based participants (experts in Industrial design) for evaluation. Sxradr,were set on providingetter-
recogrizedcontext spaces where designers could be freer to organically draft and draw, something which is
completely denied in precision drafting tools such as AutoCAD. The freer concept was met with enthusiasm

by industry expert users who willingly endorséx tconcept of a more creative freer wanjo the early

stages of design.

Design researchers such as Bordegoni and Cugini and Véxf@guiknk.B., 2003also touch the edges of
this area working towards a more engaging and immersive version of 3D DesighietCaptly fits the De-

signer user. That said, it is clear from this work that to create new visual design mimicry creates a niche con-



70| Page

cept suited to aesthetical / visual feedback, this work could be contested. Ultimately, virtual multimodal sys-
tems shold become a tool which any designer, irrespective of ability can pick up and use to create a design
product, which can be presented to any client, in a manner which is pertinent to the design brief. In this in-
stance the design interface needs to be uniatia adaptable to enable Designers to work with more con-

vincing virtual 3D products.

3.7 Haptics and sight loss

As previously discusseitcbuld be said thatite NSVI community are well placed to exploit the benefits of

MH, as they already readily use teense of touch proactively for object recogoit, spatial understanding

etc. However,NS,VI communities are a heterogeneous group, the variatimirgght acuity and how

A Y R A @digRtdifufly@ilized is dependent on a largeumberof external and physical variablegariables

which include less tangiblaore emotiveissuesor examplethe A Y RA @A Rdz £ Qa O2y TARSYy O
the individua] individuallearningskills, tactile training or academic abilapnd/or personallifestyle habits

Additional factorssuch as age of sight lgo$smve also been shown to affect h@m individuals able to per-

ceive the environment e.gsomeone who loses their sight later in adult life could be deemed better at
depth/spatial perception than sosone who lost their sight as an infant.

McGookin and BrewstdMcGookin.D., 200Gcknowledgedhat when there is dack of multmodal interac-

tion in teaching and learning for NS learnthrere could be an overload on to a sutgr or dual sensory in-

put. McGookin and BrewstgMcGookin.D., 200630 on to disseminate haptic empirical testing which in-
cludedual audio and grapline haptic rendered interface3heyworked withNSparticipansto interpret
numericalinterconnecting graph line series. Results showed NS participants aduikke orthe precise loca-

tion of the intersecting lines on the graph. Howey&me participants were confused when the haptic and

the audio lines crossed and they recaelv@multaneous mixed sensory feedback, which proved difficult to
understand. The redeeming points of this system was that NS users could gain some form of mental mapping

of the graph lines they were interacting with, which was more informative than awdisctriptions alone.
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3.8 Haptics and Education

3.8.1 Human Haptics: teaching and styles of learning
Li KI&a 0SSy 6ARSte RA&AaASYAYFIGSR GKIGd RAFFSNByd LIS

tive model (1984Kolb and Kolb, 1984 2 Cf S Y A y 3 @Feming. \vDYandiB&ugh&, RgPthere have

been a number of learning styles identified at particular levels of education throughout our lives. The reflec-
tive model was expressed Bamburgerand SchorfBamberger.J., 198® dzii A y Odzt O G SR Ay {2
/| @0t S® t SRt SNRa OSNEA2Z2Y O y benavioSdlkainiids and thisaRi&y G a |
adapted to suit any form of discipline, but as it is based on experiential learning it pertains readily to creative
practice and applied studies and as such learbiglgaviorshas been considered as a pertinent part of this

study program.

Concrete
Experience LEARNING CYCLES | Pedler's Learning Cycle
’ (doing / having an \
experience) Something
Active Reflective , Happens?
Experimentation Observation
(planning / trying out (reviewing / reflecting
what you have learned) on the experience) Now What
what? Happens?

‘ Abstract 1 k l

Conceptualisation

{concluding / learning So what?
from the experience)

Figurel8Y2f 64a [ SFENYyAy3 /edftsS O02YLI NBR G2 t SR

1. Refective Observatiorof the new experience. Of particular importance are any inconsistencies
between experience and understanding.

2. Abstract Conceptualizatiemeflection gives rise to a new idea, or a modification of an existing
abstract concept.

3. Active Eperimentation the learner applies them to the world around them to see what results.
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The mostrecognied labels for the various styles of learning are visaatal, reading and writing arkdnes-

thetic (VARK])That said, more current thinking shows thair learning styles can change with the age, expe-
rience anddevelopment of the learner. Learnirstyles can also change according to the subject being

taught. Design and Arts subjects are classically tactile kinesthetically led, historically design lpaedeen
aK2gy G2 0SS GrdAKG Ay Fdz2NY X @Aradzdfs FyR {AySaidks
has been disputed by scientists. The emphasis has now been plaessitiencebasedlearning perceptions.

The work by NewtoiNewton.P.M, 201} does not dispute the fact that learners may learn better through a
mixed sensory approach, thigeonholing2 ¥ &G dzRSy iaQ f SINYyAy3 aidetsS o1t a
largely dismissed due to the lack of neurologicadlemnce.

3.8.2 A case for experiential learning and haptics
Minogue and Jone@inogue, 2008 present a compreherige review ofM and MHused tounderstandhow

hapticsmay affect learning. Minoguet al.,examine dual coding theory as part of a cognitive load and learn-

ing examinationPaivio states that cognitive progressions can be developed through the useDtdheode

theory advocates that there are two types of information; 1) nonverlmaaginary) and 2) verl{Paivio.A,

1991). Cognitive load can be understood by how the sensory information is shared across the sensory input
channels. Minoguat al, inform that haptics may aidteactth F yR € St Ny Ay3 | gl & 27F
idea ofpracticing the dynamic movements to furthamderstand theoretical concep{®linogue.J., 2006

A great deal of recent haptic literature (20Q017) has reported using a variety of haptic devices to roba

formal training in specific subjectsr example maths, sciences, artgeterinary anddental training. Using

haptic tools can add another dimension to the students learning to offer less transmission style learning (pas-
sive)andmore active applieddarning. BarfieldBarfield, 2009a G 1 Sa a! f f 2gAy 3 addzRSy !
and explore objects has been shown to aid the process of learning; for example, allowing students to directly
manipulate objects may assist the student in overcoming conceptual barriers to difficult science, mathemat-
AOasx YR SyaAySSNAy3a 02yOSLIiaedd .| NFASEtR FdzNIKSNJ
OKSYAAaUNE FASERA ¢KBHABQ K2 LI & OB NI RfgizEx@mple ghidéhis Bohigi & S N

be afforded to trial complex mechanical assembly tasks using a haptic device, science students could touch a
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nano-particle usually too small to be seen by eye, or astronomy students coult toptanet, oexamine

the surface of the mooBarfield, 2009

3.8.3 Technologyenhanced learning
In the twenty-first century the use oféchnology is ubiquitouspart of our everydayives However, embed-

ding technology into teaching and learning is not as simple as merely facilitating students with access to the
technology. From the very early stagededching and learning, academics ngeatonsider which technol-

ogy is the most appropriatef the given learning outcomes aiadsessment need€urrently, as more

learner needs are being considered alongside the learning criteria, Bikersitiesare consideing in more

depth how accessibléhe technologythey are usings, to all learnergability needs andwhich technology

couldovercome barriers to learning. JISC statistics:

dTechnologyenhancedearning isnodernizingthe global higher education market, Student Digital
Experience Tracker found that 70% of HE and FE learners agreedeligitallogy on their course

allows them to be more independent in their learning, fitting it into their lives more easily. Further-
more, 82% of HE learners felt digital skills would be important in the workplace, but only 50% agreed

their course preparethem for the digital workplace @ISC, 2037

As seen previously in this chapter Brewstenl., (Brewster.S.A, 1998rewster.S.A., 200Q4ssert that hap-

tics can help with information overload on one sense or to legsfemmation clutter. Applied disciplines

such as engineering, surgical practice and design/arts practices are well placed to useladdachnology
toaugmentat S+ Ny SNRa Ay iGSNI OGA2ya oBuailidetal, Sy BF K Y SHRcYR RS { WK
O 2 @alllie, 200% veterinary schools across theorld have been using it toffer studentsexplorationsof

bovine anatomyUsers enter the resin shalf a cow using their bare hanihside the resin case there is a

bovine uterus which is connected &orobotic arm. Students caxperiencethe feeling of what it is tqalpi-

tatel 02 g Q asindzfieBaltidziow system, theligitized system also allows parallel tutor instruction

guiding the students through the system and instructing use.
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Haptic training devices can also be used to protect trainees feabworld risk of injury in extreme working
environments. This has been shown through the use of haptics for flight simulators and many military simula-
tor systems. It may also protect the risk to others, shown in the use of surgical simulated human body, which
allow surgeons to practice intricate surgicabgedures before carrying the process across to live patients. A
specific case of haptic tooling ustmprotect trainees is and¢ = 2 y' S 1&rdest engiRekringaid Con-
struction Company. andT employers realized the potential of using hapticliag to protect employees

from harm, but also saving costs of physical training materials and tooling for trainees (early stage). By keep-
ing a battery of haptic rendered forces which mimic materials akin to real woakimeant that land T can

train indviduals inrealworld processes without the expense and risk to human treékmmachilabs, 2018

Figure19 Ammachilabsimage of haptics used in LandT, India. (Ammachilabs, 2018)

3.9 Haptics by design

3.9.1 Traditional creative process and haptics
G Xow fundamentally important it is for teachers tealize that the nature of creative expression is

02dzy R dzLJ gAGK KFLIWGAO LISNOSLIIAZ2YX (GKAA Q@céwenfieldS | NI A
1952

The development of haptic technology has not gone unnoticed within many appliegcsalbgas, inclusive

of arts and design. However the arts and design communities hold on to their classical values datyfeel

boundto uphold their manual creative skilliscommercial business moves forwaeb does the need to
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utilize more and mordime-savingdevices and to communicate across a global netvadrdonsumers and
manufacturersThere is a pull to g towards technology from soni@esignes, with some factionvithin crea-
tive groups finding a way to coml@manual andligital inclusions, andthersignoring the affordances of
any technology as it is believed to deny any creative freeddris meanshe volume of research presenting

the use of haptics within art/design is scarce and limited in its development of haptics for studio use.

3.9.2 Manud versustechnologyfor concept generation
Since the Bauhaus movement in 191983, theformal teachingof art and designwasreassessedrhe Bau-

hausmovementcreated a platform of processes and procedures which arestititiced todayin studios

and edwation facilities around the world=or example, thgerminalstage of design process, the develop-
ment of process and final stages were all established as an outdesgneMakers® became empowered
G2 2LSyfte O02YYdzyAOlFI(iS (KSRNVASKAGNILIBEGNI RAaOwaasagp
ONAK U Q

The discussioover manual versus technology amondssignes was heightened around the development
of high powered computers and better visual fidelity of 3D objects. The use of CAD topkramidaboring

on prototype models by hand, but it also created a debate as to whetherm@aBiminished the skills of a
Designer Over the last decadeCADhas pervaded many universityeative labs, and design studioThe abil-
ity to model in 2D/3D vigechnology and to develop and edit the model in real time is a great advaintage
saving tine for timepoor designes. CAD software allows ingtacolorchange, change form of surface tex-

0 dzZNB W2 Yhis kifd®f ddrdasc@idkey to why so madgsignes and design studentstilize CAD, as
short concept deadlines can mean less time for made studio models forcing thdesignerto use soft-

ware whid can save time and enable tdesignerto email the design concept globally in minutes afteree
tion. In the last 5 year§AD systems have increagedlworld simulations of surface, structure, so visually a

designed virtual model can look as credible as aweald model. That said, there is some debatenidustry

13 DesigneiMakers are people who design and make the artefact without the aid of industrialifacturing processs; usually Designéviakers are
selfemployed small businesses making one off objects.

A peer crit is an industgrm to mean a critical discussion amongsli€agues or creative peer.
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by classically trainedesignes who note that currently CAD interactive tools are limited to a PC mouse or
keyboard, so thathey do notfeel as in control othe final prototype concepts. And the use of CAD can be
seen, by some clientt take away a sense of human interaction bothtty client within the real world and

the Designes who ultimately want to use a fusion of manuabdelingand CAD.

a | yBesigheiMakers as previously notechre attractedtoasense ¥ | Wi NHzG K (2 YI GS

enthusiasmn retaininghandtouch traditions DesignefMakers would not usually wish teanslate their

conceptsinto digital versions.DesigneMakersoften utilize their individuality of touch to define their crea-

GAGS aArxayl idz2NB 2N WYl 1 SNE Y lighdwhigh isiofigihal to theéimaker gl NJ 2

potter may use theithumbprintin place of their signature.

393 WeKAY1{ LI OSQ KILIIAO&A o0eée RSaAdy
ScaliShllito, and Wright(Scali et al., 2008 A I (1 KS W¢ KA y | dnalfre@iBe@se okgdhdBgY (0

as a tool to develop product design at the conceptual stéealiet al.,acknowledge the struggle between

the beginning and the end of design processretthere is a dichotomy fatesignes wishing to stay with

> KI

traditional sketching andhodelingprocess, but also being driven by the issue that at some stage their design

concept needs to becomdigitized for manufacture. The ThinkSpace project correlates with the a@hor

own views that offering an advanced set of touch mtions (hapticaoling)will allowdesignesto become

more handson with virtual making processedhis could result in designers maintaining a consistency of the

handson process throughout theketch andnodelingproceses.

Scaliet al.,express that
It could behypotheszed that VR technology coupled with mu#iensory (e.g. haptic and visual) feed-
back could provide the best alternative available. Intuitively virtual reality is meant to be the best
ternative to reality for "experiencing" 3D space (ahdrefore stapes in that space)(Scali et al.,
2009.

Bourdot and Tourain€Boudot and Touraine, 20Q2leveloped a CAD interaction system with added haptic

al-

affordancesThestudyby Bourdot et al.was premised on an industrial layout and offered users the ability to

Y2RAFE 2062S50(a 0@ FIRRAYy3d 2RAVHkeQAYAYS KB R OSEKEYIBIRNE ¥
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study used two methodologiesvorking with gesture haptic feedback. Findings of this study revealed that
there was further work to be done on specific elements to review the time taken to examine and extrude
models ovetthat of models used in CABs this element was protractdaecause of the usef gesture haptic
force feedback.
Cheshire, Evans and De@heshire et al., 20Q0have created a case for haptic technological intervention for
craft-basedobjects, traditionally thought of aartifactswhich are purely manualllaboredand finished. They
state:
oHoweve there is a strong groundswell of opinion that tactile product development is beneficial to
the final products form and so a way should be found to combinethfi-basedtechniques with
digital product developmer{Cheshire et al., 2001
Cheshireet al.,did find that detailed surface work was credibly created using the dynamic probe to indent
the prototype model, such as hammered effect, although a smoothing effect was difficult to obtain using the
FreeForm software alongside the Phantom Sensable (now known as Geomagic Touch).hOwenagt; it
was faind that the singlepoint device waslale to achieve most surface reproductions and tool processing of
form and surface as could be found in the manual studio tool use. In sum@iaeghirect al.,state:
dinstead of attempting to adapt established practice into a digital format,(@gykshq-based form
giving translated to a haptic feedback (device), it may be more appropodtentify what the indus-

trial designeris attemptingto act$ @S 0 K NR dz3 K { ([Cheshird efal., R@0li SNI OG A2y ¢

This is a pertinent olesvation, as someéesignes may wish to use the sense of touch to not only define the
form and surface of a designetbject but they mayalsowish toutilize the haptic interface to offer surface

texture and definition to clients in order to convey more of the product than just the aesthetics.
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3.10Summary

This review of literature has highlighted that although hapticifegck has the potential to suppoapplied

creative process theris still some waytogofdt | LJGA O | dzZ3YSy Gl GA2Yy sh&alled G OK
Haptic ChaliceMacLean.kE, 2008 This means that the haptics becomes so advanced that the user feels that
the use of haptics is innate, they feel completely immersed / present in the virtual space they are interacting
with. That said, this research shows through works byBier(Brewster.S, 2006(Brewster, 2001
McGookin(McGookin and Brewster, 20p@and WallS.A, 200§ that if haptic tooling is carefully aligned to

'y LILINE LINR | G S HdIheéd3are koyidilerédKtigen fumti& NA3 dhe capacitafford new in-

novative touch interactions for a wider audience.

Although art and design disciplines are a relatvg Q&S ND G 2 K I LI SAllitaitzaldshil- 6 KS ¢ 2

lito.A.M., 2003), is encouraging ahey have highlighted how using haptics to mimgalworld design pro-

cesses is possihlmoreover, even the mosskepticaldesignerseemed willing to aapt to the new technol-

ogy.

This chapter has contributed to the thesis overall by informing on thereaitihuman and machine haptics,
within a userled framework. Moreoverthis chapter has revealeallexicon of relevanerminology to aid
the reader going forward into the next chaptefie next chapters report on the methodologies used to

investigate NSVIusersand their interactions with MH



4 Methodology

{O2GfyR aidldiSa GKFG a! LI NFYRAIY O2yaraca 2F GKS
ogy, and, methods. Each component is explained, and then the relhtpmiaween them are ex-

LJ 2 KSBoRahd.J, 2092 As Scotland asserta paradigm holds several elements each of which create a re-
lationship between what is being explored and how it was explored and why. He goes on to claim that meth-
odology is concerned with why, what, from where, when and how data is collectedraige (Scotland.J,

2012).

This chapter informs on theesearch design, datollection and datanalysisalong with thephilosophical
underpinningsdleemed most appropriate for this research programm@eerall histhesisuses a total of &

case studiegpresented in sets of two case studigsr set. The following sections indieghe selectedneth-

2Ra4 dzaSR 6AGKAY SI OK OF a &ferancaltti dollowigglisboutlirestiiispdd NE T2 N
methodsusedand the diagram shows how the methods relate to the case study sets. Table 21/22 describes

the methods in detaildr each case study set.

1 (User leg, Case study approadqualitative and quantitative)
0 ThinkAloud Technique
9 Naturalistic inquiry and interpretative approach

1 Mixed methodsResearch (MMR)
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Table5 Summary of methods used for Henshaws case study 1 and 2

Choice

Decisions

Chapter 5 (CH5)

Philosophical paradigm

Naturalistic Inquiry and
Interpretative stance

Section 1, Case study 1
Deep Dive focus group

Research strategy

MMR, Inclusive princi-
ples

Case study 1 and 2 = dg
sign test seup and
analysis.

Research techniques

Semistructured Inter-
views, focus grougem-
inars, observations,
userled development,
and statistical analysis.

Case study 1, All inter-
views and focus group
seminar sessions, DD

Case study 2, all inter-
views and evaluations

Timeline 20132017 Case study 1, DP2013
Case study 2,qmrin-
hole test 2014.
Qualitative Focus group, observa- | Case study 1 = DD, focu
tions, seminars, inter- | group
views and evaluations
Case study 2 = Think
aloud technique
throughout pegin-hole
sessions
Quantitative Parametric data time Case study 2 = peg-

and collision colletion
and analysis

hole test
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Table6. Summary of methods used for Open University case studies 3 and 4.

Choice Decisions Chapter 6 (CH6)
Philosophical Naturalistic Inquiry and | Section 1, Case study 3
, Interpretativestance pilot test, design lab
paradigm

Research strategy

MMR, Inclusive princi-
ples

Case study 3 and 4 = dg
sign test setup and
analysis.

Research techniques

Semistructuredinter-
views, focus group, sem|
inars, observations,
userled dewelopment,
statistical analysis.

Case study 3, All inter-
views and focus group
seminar sessions, DD

Case study 3, aemi
structuredinterviews
and posttest evalua-
tions

and collision collection
and analysis

Timeline 20162017 Case study 3, DP2013
Case study 4, peig-
hole test 2014.
Qualitative Focus group, observa- | Case study 3 = DD, focu
tions, seminars, inter- | group
views and evaluations .
Case study 4 = Think
aloud technique
throughout Shape As-
sembly Test.
Quantitative Parametric data time Casestudy 4 = Shape A9

sembly Test

4.1 A case fothe case study
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In the field of desigrthe case study approach is widely acceptednfianyto compement action-basedre-
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that the stepby-step process is constantly monitored (ideally, that is) over varying periods of time and by a

G NASGe 2F YSOKFIyAaYasod

In the particular case of using case study within inclusive deBignlUniversity of Cambridge clearly states
thata / &S adGdzRASa OFy RSY2yaidNIGS K2g AyOf dffan®S RSa
bridge, 2017 By focusing in on particular nuances of usgeraction, throughthe use of actia research

using acase study modehas allowedhe researcher to gain an-tepth understanding of theon-sighted

art-makers and thdr innovative uses of craftiniols, in more depth andclealer detail. Thisresearch pro-
grammeobservessuggestedbestworking practic® FweRr&spected institutes such &telen HamlyrOr-
ganisationandit hasused their particular practice @bservatiorand Shadowing methodsAgain this model

of observational study reflects better on applied practical processes padsoup for the user to become the
WSELISNI Q | yR @hadows NIRGlittor NKefebrhsfekt 8f the case study, was in CS1,2,3,4

defined hereas

1 Saff membess (Henshawsnd The Open Universjtypersors who are professionallyqualifiedin
their field, design andupport clinical and psychological practice.

1 NS, VI Participants (Henshaws AMs and design students at the Open Univhisiggydy aligns
itselfto Newelll y R D NB 3 ANeRal, 20DFobtiRe MiBabledarticipantprofile to be also
recognied as expert. Often individus with such dramatic sensory loss, such as sight loss, are
expert on their condition anddapting to their own needsn that respect the individuakare
able to communicateonfidently ontheir individual ability needs with a good amount of exper-

tise of their interactions with the world.

4.2 Naturalistic inquiryand interpretative approach

Naturalistic Inquiry dictates that the subjects need to be@iyed within their own settinglhis allows the
researcher to build up eollectiveWy I NNJ (vari@@Esurcesidt®xample recorded observations, inter-

views usergroup themed discussiorand particularlyfor this studythe interrogations ofnoveleveryday
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touch versus craft processingingtouchwas a vital input and one which could not have been formally

noted outside of the users naturalistic settinghelnterpretivist stance complments the Naturalistic In-

quiry, in that, it allows the researcher to interpret the ug@istions, interactions and mannerisms whilst the
users are usefully engaged in dailtivities in their own setting, and comfortable enough to act naturally.
Using thenterpretivist paradigm the researcher and the user (NVBHenshaws community) are able to work

to identify, understand and acknowledge limitations, dodinderstand tt6  dz& SN & Ay G SNI Od A 2
tools and syems. Kaplan and Maxwd€Kaplan.B et al., 199<tate that with aninterpretive research project
there are no predefined hypothesasd theories, but rather thierative approach of theesearcher and the
focus groupwvho canwork to gather the body of evidence and then derive a theory from the tangible evi-
dence and actions of users in their natural settihd. f a Kdimypl@etaphor for this latter case is the use

of scaffolding in putting up a building, where the schifilog is removed once it has served its purpose. The
purpose of using both the Naturalistic Inquiry and the interpretative approach was to construct a framework
of reasoning and methodology around the case study base, once the exploratodgdseork wascomplete

the scaffolding framework gave way to examine the events and user interactions as they were observed and

recorded.

The interpretive stance examines dependent and independent variables, buef@ushe complexity of
human sensanaking as the siation emerges. When working with an interpretive stance it is important to
dzy RSNEGFYR GKS O2yGSEG Fa Sttt a GKS AYRAQGARdZ t o
which allows further understanding of the user reactions to the ti<dplan.B et al.,994). Within the DD,

the how and why questions were important catalysts to probe for more detail and enquire further. For exam-
ple, when observing participant craft tool handling processes in the studio, AMs were seen setting up trian-
gulations or squaréormats of craft objects arrangements on the studio desk within easy reach of the AM

when seated. Theesearclers2 6 8 SNIISR G KA & LINI (pieroliiie partifipars SfigrgddzA NS R\
through his tutor that clustered triangulations or beshaped claters of objects made it easier to reach sev-

eral objectdocated togethelin one-touch action. This method was observed several times by diffefdns
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in the space of the samendur period. When the researcher enquired further whether it was the tutor or

the participant that devised this clustering of objects process, the texptainedthat often the objects were

simply assembled on the studio desks at the start of each session, and that the individual AMs would arrange
the objects to suit their needsh€ tutor went further toaddthat individual AMs object/tool assembly loca-

tions was usually consistently repeated day in day out, all object distaveescarefully, but swiftly, meas-

ured by AMs using their hands to span the objects and using linear msatiotheir arm and hand to touch

the objects. This was done to aid AMs to mentally gauge the distances from the edge of the studio desk to
the cluster of objects, that way they were simply able to reach out their arm length to reach the same object
everytime and to replace it in the same way. Although this appeared to a layperson as a convoluted process

just to use a tool, this process appeared accurate and repeatatnlevas actually actioned at speed.

4.3 Mixed methodsresearch

According to Creswellthere are five elements to consider when using MMR, 1) timing 2) weighting, 3) mix-

ing stage, 4) mixing type and 5) theoretical perspedi@msswell, 2009

1 Timing: The timing of the collation of qualitative data in this stwdgat the early phase of each of
the threeexperimentl studies, and then again at the end of the testing @sasThe quantitative
data for this study was collected at the start, middle and end of the empirical testing periods to ena-
ble the researcher to evidence user interactions and the dependability of the results.

1 Weighting: The weighting of qualitative andantitative methods within the overall study should be
decided based on the aims of the study, the type of study and the expected results. Overall, the
weighting for this study was slightly morefavor2 ¥ WIj dzI f A (i whichwAaS DowNBydhs || NOK
amount of qualitative research data gathered in comparison to the quantitative data. To understand
0KS dzaSNXRa dzaS 27 a lsizabldamogrits®df utsSddtAnt tyied yséthedla®atod | (i K S
further the development oMH technology. The results dfis are discussed further in Chapters

5and6 and finally in Chapter, the thesis summary chapter.
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1 Mixing stage: Té mixing staggis when the timed stage of research is mixed with the methodology.
For this study qualitative methods were used from thelgatage design of the MH interface
(CSand3) and again at the end of each experiment phé8&2nd4). The quantitative methods were
used to identify metric values of the haptic user task. Therefibve quantitative raw data was
gleaned from the MH rig,ral analyzed alongside the qualitative analysis to produce a clear picture
of the experimentCresswell, 2009

1 The theoretical perspective: Cresswatlial.,(Cresswell, 200passert that theory frameworks estab-
lish shape and connections within the research study at a micro and macro level. As stated previ-
ously the interpretive paradigm was used to guide the qualitative strategy.

The reason for using a MMR appch is that not only is this approach appropriate for smaller testing groups,
but it was felt that neither qualitative nor quantitize methods alone wersufficientto fully capture the
complexity of the subjects (NS users), working inclusively witlolfect MH technology. Therefore, the
complementary nature of qualitative and quantitative methodologies has allowed for a more rounded data

JFGKSNAY3I FyR FLylfteara G2 2FFSNI I Fdzf £ SNI LIA Ol dzNB

sealOK LINRO6fSY | NBXI ySSR SEAata G2 SELX2NB yR RS&
GdzNB 2F GKS LKSy2YSy2y Yl & y2{Cressvel, 2008 1208. Quaitigativg dz vy i
RIFGFE Aa fSaa tA1Ste (2 0SS STFSOGAGS i LRNINI&Ay3

their understandingf the technology and how it would fit into their creative practice or even their lives.
Qualitative data is much more effective at explaining and understanding human reactions and interactions.

Quantitative data was more effectively used to understanfthLJ-r N} YSGSNABR FyR (G(KS dza$s

order for the data to be consistent and reproducible.
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4.4 Ethics

Ethical restrictions and protocols were duly followed for the relevant institutes involved in this stufift, NS

groups forcase study 1 and 2, fUProtocol Number: 1112/322) and case study 3 and 4, (HREC2B&D6/
and2276)5dzS 2 GKS yI GdzNE 27F ¢ 2 NJdéetae agdriatiefitiontwasiphigts NI 0 f S
0KS LI NOAOALIYyGaQ O2YF2NIL S dza S dirfcd wotking\aBadtitedvheie S 02 Y
appropriate The researcher was careful to earn the trust of the participants especially at Henshaws College,
and worked with this particular user group over am8nth period prior to setting up formal research pro-

cess. Brticipantsin Henshawsvere a particularly sensitive grogmd did not communicate readilyith out-

side visitors in theistudio. Thiswasdue, in part, to the nature of the AMs learning needs and mental health.
Many AMs are not comfortable withgroups2 ¥ | YWa{aNdEre often uneasy abopresenting theirart-

work asthey suffer withbouts of depression and anxiety.K S NB &SI NOKSNDa LINPINBaa>s
was occasionally slow arlthe days leading up to the DD many of the volunteer workirayugs were una-

ble to attend meetings about the agenda®@b testing phasdue to illness. Howeveon many occasions the

staff and AM working group more than made up for the low points through their energy, knowledge and

adaptions of artisanal creation pgasularly for the NS community.

w Henshaws ethics and selectioRrior to any form of study, the plan of study was agreed with
lead staff members of the Henshaws College, and a full disclaimer was completed along with consent
agreements of the selected giipants. Due to the learning needs of some of the participants, pa-
rental agreement was also sought to consent to their participation in the DD and testing phases. All

records were kept in Henshaws and held ptesit for 3 years prioto archiving

w The Open University ethical proposal and selection decisiofise pilot testing and the stu-
dent ethics application were applied for and confirmed. The invitation and student contact was con-
ducted by student research project panel (SRPP). The SRPPdldtitiba was purely basechdNS

flags shown on the studestacademic recordgnd the students were selected by random sampling
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parameters set within the Open University systeifise selectedgtudents were shared with the re-
searcher via a password onlycass excel sheet. The final selection of students was conducted by
the resarcher and based on the studetiknowledge of design technology, their use of CAD, and

their understanding of creating a prototype, which was all established from a brief queatien

which was sent to the selected students. All twenty participants were then sent a full information
sheet detailing the background and the motivations of the tests and further details and a brief synop-
sis on the mechanics and technology of the MHid®vThe information sheet was offered as screen

reader compatible documents and in Windows and Mac compatible formats.

4.5 Qualitative data collection and analysis

Cresswel{Creswell.J.,20)RSTAyYy Sa | NBaSINOK FLLNRIOK a aXx |y |
examining the relationship among variables. These variables, in turn, can be measured, typically on instru-
ments, so that numbered datacanbey | f 8T SR dzaAy3 &aGFGAadAOFf LINROSRC
RFEGE FLIINRFOK ¢l & dzaASR 2 GNFXOl:z O2yiGNRf3sX NBO2NR
For CS 2, Pag-hole Test, the raw data came from duration (Time) and dmtlisBoth metrics were used in
M and MH pegn-hole tasks.
Time:The time in M was digitally recorded by a stopwatch and stopped at the last insertion of hole 9
(19) on the pegboard. The MH version of the test was timed via an embedded timer in thadeterf
which again timed up to when the last peg was successfully inserted in hole 9(19)
Collision:this metric was important to assess as it was expected to highlight where the users were
struggling to insert the peg in the hole, and indeed if they strudjgleall. A high level of collision
would show a user struggling to insert the peg, and a lower level of collision would highlight a lower
level of struggle to insert the peg. A higher level of collision would also mean a greater time to com-
pletethepegB f S& AyaSNIA2y 2@SNIffo {22 (GKS O2ffAaA?z

would be greater.
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Quiality control: Cohens Kappa was used to establish a good level of quality control on the-id peg
hole time and observed collisions. For the MHisimins and time there was a separatemputerized
data output sheet produced by the haptic interface programme. This was an accuoascheckfor

the MH collisions and time data.

4.6 Think-Aloud technique

GLYGNRALISOGAZ2Y A& 0l bseme efeyits thaktéke plaReSr conddiolisiiess?2 y S C

Y2NB 2N fSaa a 2yS Oy 20aSNWBS SgSyida Ay (KS
The ThinkAloud technique, created originally by Newell and Sint®72), afforded the researchargood
senseofthepartic LI y 14 Q G(GK2dzZ3K3G LINRPOS&aasz gKAfald 2Nl Ay3I (fF
OFrft SR GKS W1SSLI GFft1Ay3aQ G(SOKYyAIldzSE NBIljdzSada GKI
about a given task. Participants are requested to verbalizeeactions and cognitive internal discussions ex-
ternally to a research facilitator. Thesearcher wasllowed to prompt the participant if there any long gaps
Ay (GKS @GSNBFTAT SR LINRPOS&aad {dz33Said SR LI doingjingxt O2 dz
(Someren et al., 1994). Thi##oud, is popular amongst computer science, social sciences and creative fields

of research.

In design researglspecifically, techniques such as the TRHink 2 dzZR § SOKY A lj dz2S3 | NB dzi dz
LINE (i 2adi2hesk &e used to define overt behaviours within activities set by the designer for the partici-
pant. Recording such firbiand behaviours can go someay to explain internal dialogues of the users whilst

they are using a product or carrying out resgatasks. This type of technique can help to make empirical
activities more transparent to the researcher/designer. The Taiokid technique adds a personalised ac-

cen to the users behaviours whighay then latterly be compared and translated or deciplicamd taken

forward into a different developmental stage e.g. concept page of drawings or sketches by the designer as a
visual evaluation of users recorded interactions and issues with a particular prodiget,recordings can be

used todecipher users heest and personal understanding of their interactions with produ€te Think
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Aloud technique offersisers accountf their pros and cons of an interaction, offering the designer rich dis-

course to be reviewed and may be discussed latterly.

In the contextof Henshaws AMs the thirkk f 2 dzZR G SOKYy AljdzS ¢l & dzaSR G2 | 2
voice through within the observation period as well as within empirical haptic testing to allow the researcher

to better understand the users experiences and underdiag of the haptic process and tooling .

The types of data collected were, background detail, observations on how AMs used manual touch on a daily
basis, and on their creative working process. The qualitative results were recorded and taken forward to sup-
port the development of a usded haptic interface, as shown in case study 2 (ES2g chapter 5 for full

details).

In the context of Open University design students and design academics were requested to use the think
aloud technigue in case CS3 and Ke thinkaloud data was recorded and transcribed and processed sam-

pled codedand analysed using NVivo (21 ¢$ee Chapter 6 for full details)

4.7 Summary

Thischapter has clearly set otite theories and methodologiesnotivations for the selection of thmethod-
ologiesused in this research programna@d how and why they underpthis thesis. The information shown
here is hoped to reflect thenethodsto enable thegatheringof data on the nature of N§/luser andhu-
man/machinehaptics and theinteractiors between the tweelements It is also hoped thaveclearly shown
how the twomainelements were examined using the Nadlistic Inquiry and Interpretive paradigms, and

why MMRwas usedo collate andanalyze the data
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The following two chapters are thempirical research chapter$heinformation and detailed reviewsro-
videdin Chapters ¥4 should act as a background to Chapter 5 (Deep Dive test anid-Relp test, Hen-
shaws College) and Chapter 6 (The Shape Assembly test, The Open Universityysilarhdiscussions

can be seen at the end of both of these chapters and further discussed in Chapter 7.
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5 Art-makercase study hnd 2

It has ben outlined, in this thesis, the importance of touch in the human body andhowars perceive
touchin a conpletely different way than other senses in thedy. Throughthe review of MHliterature pre-
sentedin Chapter 3it hasbeenshown howmachine haptichiavebeen used tancrease inclusivitjo en-
courageparticular groups of disabled individuatsinteractwith VR in a morénnate manner Thisthesis
thus far, has shared the reasog behindthe need to facilitate a wider body of uses$ VR with an easier

accesdo aid training/learning

This chapter commences with a layout of inclusive design priscipid goes on tdescribecasesii dzR& Qa ™
and2 (CSland?2). The firstcase study (CSautlinesthe Deep Dive (DDjctionbased studybasedaround

inclusive principlesThe DD was sectioned into specific sets of tests which were designed to culminate into
data which can be analysed to gain a clearer picture of user. CS1 users arerakekst (AMs) located in
Henshaws Art and Design Charity, Yorkshifdie second case study (CS®atured in thesecondhalf of

this chapter, reportson the empiricalwork set around a clinical trial fine motor skills trial, &k& R $e&pyin-

hole test(Wade. D.T, 1992UsergIeedbackfrom both case studies are presented along with an analysis of

gualitative and quantitative data.

5.1 Inclusive design principles

TheCABE principlésadvisethat designes should consider a breadth of user needs, shown within their user

focus group. The falving shows the Inclusive degsigationale which underpins the Dddudy:

15 CABE, Charted Association of Building Engineers is an assocfatituring a blend of architects, inclusive designers,
and engineers.CABE. 201 TCABE principld®nline]. CABE. Available: https://www.cbuilde.com/tbabe/ 2017].
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The Principles of Inclusive Design

1. Place people at the heart of the design process
2. Acknowledge diversity and difference
3. Offer choice where a single design solution cammobmmodate all users

4. Provide for flexibility in use

The CABE Principles in detail

1 Peopleg It is important to involve as many people as possible in the design and development
process in order to develop sustainable communities and to help to propetsonal wel

being, social cohesion and enjoyment.

1 Range; As many people'saeds as possible should be met, suchmability impaired, visu-
ally impaired, hearing impaired and those with learning difficulties or mental hesstles

These are all padf a diversity of people who can potentially face barriers.

1 Choiceg Choices should be given ‘where a single design solution cannot accommodate all
users'. This clearly acknowledges the diversity within impairment groups and that individual

needs may dier. It also recommends designing beyond the minimum requirement.

9 Flexibilityg Flexibility is important in inclusive designing. It emphasizes gaining an under-
standing of the purpose of the spaor building and who its usevsll be, with a view to

adapting to changing demands.
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1 Widening scope Inclusive design means going beyond the physical attributes. It talks about
'intellectual’ and 'emotional access through information being available, including prior to
visiting a building(CABE, 2037
A select few points fronlCABR i&clusive principlesvere reviewed prior to the DD and were attributed to
the planning and rigor behindhé DD study and the test desigiMany of the researcmodelsand the acces-
sibility inclusions of the DD study were themossreferenced to the CABEhclusive design praiplesfor ex-

ample,flexibility, of space and flexible approach to us@tsysical comfort and fatigue needs.
5.2 Aims and Obijectives (EepDive)

The Deep Dive study is aimed to allow a deeper understanding of the user group. This project aimed to inves-
tigate everyday practices of the AMs within their ogtadio environment Henshaws, in Yorkshire Alt-
hough the studio building was purposefully built for reighted AMs, the researcher was particularly inter-
ested in the AMs own inclusive additions anaptions to their own space and environment to aid their cre-
ative practice. Due care was paid to diligently follow Henshaws ethical pragiamsn in Chapter 4yhilst
observing and studying AMs, the project followed an inclusive design framework aireetptmver AMs
and give them space to voice their own thoughts with ease. The following provide a list of aims and objec-
tives for the DD project.
Aims
1 Toco-design an inclusive testing schema which would successfuttgtigate whether ma-
chine haptics woul offer particularaffordances to NS, VI amiaker community
Objectives
1 Usingthe case studWaturalistic Inquiryapproach, observe and intervieavt-makersto fur-
ther understand the nature of A#tnakers work with crafts process.
1 Using specificallinclusve designedasks and activitieexplorewhich desig principles facili-

tate NS useted interface.
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5.3 Participants focus group

As previously stated in Chapter 4, a great deal of preparatory work was undertaken, using a theme which
bSeStt RSHikayOSidarytiza GNBERE, 1999. This simply means that, prior to any formal DD or
MH testing the working relationship withMswas paramount to ensurintdpat the AMs extra ordinary abili-
ties became apparent herefore, a user test agendas sefthe following demographical details describe

the usergroup of NS to VI AM#/ho volunteered to work with the researcher to further understand their

touch-led abilitiesand limitations

This study worked witfive volunteers all with varied sigt acuities and varied learning need$ie ages

ranged from 199 years, mean average age of 23.4yrs. The focus group was recruited with the guidance of
Henshaws lead managers and clinicians. The list for recruitment was made up of AMs who offered to volun-
teer for the DD study, and to work with the haptics tool. The focus group members were used to speaking
with external visitors as they had previously worked with professional artists and designers, and medical re-

searchers.

Table7 Deep Dive focus group participant details

Usability testing, participants Deep Dive,

Participant | Gender | Dominant | Sight acuity and clinical condition
number (F/IM) hand

(L/R)
No 1 F R Nonsighted, Down Syndrome
No 2 M R Non-Sighted, Down Syndrome
No 3 M R { SOSNB QGAradz tfe A
No 4 M R Severe visually impaired, Learning nee
No 5 F R Nonsighted, severe learning needs
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5.4 DeepDive Design

TheDD study was designed around inclusive principles and used a qualitative reseamasichppihdirst

stage (stage 1)sed an IDEO inspired focus group workshop to discuss DD study elefifentsexstage

(stage 2used PICTIVE process, group members were requested to layout everyday 3D objects as a design
template for the MH interfaceThroughout the DD stages participants were requested to useflfeK-A y {

I f 2 gfhifdque, e.gduringmanipulating mediums and materials, use of art tools, organising and orientat-
ing tools on the art benchThe final stage (Stage 3) was a Likert questiorrsst around tactile interactions

and their thoughts on the feasibility of haptic toolEhe following diagram presents a flow diagram to high-

light the structure of the DD study.

ivity - IDEO workshop using
g stick
oLpler it WLOPIE Interview tool use

GActivity - Pictive
oY opic- Layout of
haptic screen

OActivity-Likert

User guestionnaire
SEICELRIER (T opic- Feasibility of
using haptics (MH)

Figure22 A diagram of the Deep Dive structuaad interlinking activities

TheAM focus groupvere advised about the theognd aimsbehindthe DD and encouraged to actively

feedback to theesearcher
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As part of the ethics proceskd focusgroupmembers were informed that clinical staff were avaitaht all
times and when the researcher entered the focus groups working space they introduced themselves to each

member before commencing the day of observations.

5.4.1 Deep Dive IDEO principles

The firststage of the DD was designed arouBdECGF concepts, farting with a clear statement of the guide-

lines of the first session.

1 Everyone has something valuable to say, a story to tell, and thistatsl as extremelyele-
vantto the process, so everyonel & Sy O2dzN} 3SR (2 f WwduldBey I yR

heard and noted, no matter how small.
1 Every individual should consider oth€deas and think about how to build on that idea

1 There would never be one solutipat this stageas it was an information gathering exercise

To stay within an inclusive model, d#da SNEQ FSSRol O1 =z Fd dGKA& &adl3asSz gl

cation system (aka a Talking Stick) was used to provide all users a clear channel to communicate their needs.
5.4.2 Deep Divdcommunication) )

As all AMs in the user focus group were eitherdlim severely visually impaired (SVI), managing ev&\yQra

verbal input,taking turns to speakyasan intricate pocess. That is to say, some blind individualshot tell

whether someone has finished speaking or is just pausing in their speech, aatiney physically see the

visual clues such as body language or facial cliigs.can create some individuals speaking over each other,

and getting frustrated or even refusing to spe@kereforethe researcher utilisetd W ¢ 4 i HdOY @

organze commuriations in the IDEO workshofstalking stick is a tactile communication aid, designed to

18 IDEQ; USA based, internationally known, design practice companytaaiel the most influential designers of the
215 century.
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facilitate turntaking. The rulefor useare 1) each participant can hold the stick for no longer than 10mins, 2)
a participant must pass the talkirggick to the &ft after speakingand 3) only the individual holding the stick
can speak. A Talkirstick can also benefit more reticent participants to voice their opinions, as they will al-
ways get caught up in turiaking. Overall, the TalkirAgtickwas used to make @ear channel of communica-
tion within the group, thereby allowingore vocalgroup members to listen as much as they spoke. The
themes within he TalkingStick sessions werassisting tactile tool usgdearning effective touch orientation

andworking with art making processegia touch and sound.

Figure23 Talking stick: source authors own

After the TalkingStickworkshop,a semid (i NHzOG dzZNBR AY G SNIWASS 61 & RSaAIySH
YR (2dzOKQ® h 68 diussionsivas thiatko&ing Sainedtin todet processes allowed better

autonomous freedom of movement, in the studio and at home.
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5.4.3 DD-Tool use

Inspired by seminal works on NS/VI artists and their handling of tools and drawing by John Kennedy
(Kennedy.J.M., 1996the DDstage 1, tool useimed to gather useled observationsind feedbaclon the

topic oftool use and navigation of studiworkspaceWorking further in the concept of objects and touch,
the group members were requested express how much they enjoyed selectimgl using? i KSA NJ G2 2 € G
that had been specially picked out by théom their needs The AMs wouléhitially learn how to use this tool
to express their own creative language. Group members were keen toibesow theyfavored having one
single tool, over a selection. They added that they used their one tool for various creative process. The
reasoning for the use of a single tool is that AMs do not have to put down a tool and pick up another, as
picking upanother tool means extra time searching it, picking it up and using it. All of this extra time
extended the completion of a piece of work. Instead, they chose to use one tool in a variety of different
ways. This notion of one tool use, as a mfultictional tool, was interesting, as it worked against design

LINI OGAOS Wy2NXaQo

Traditionally,designers use a specific tool for a specific purpose and often there are a wide selection of

different tools at thedesignerSRA 4 L2 &l f @ ¢ K S NB 0 énovel KB prdgmaiicQ G 22€ dza S
5.4.4 Studio observations

The focus group of AMs were requested to work on their art piesabey usually wouldnd duringthis

time the researcher would record and note studio observatioFise research facilitator observed the whole

group and their navigations and use of the studio spdbe observations were sublividedinto the follow-

ing sections

1) Orientation:The mechanisms used to orientate around the studio space were observed and mecha-
nisms used to orientate and find objects the desktop were noted. AMs were often observed
touching and feeling in vertical or horizontal linear movements across a desktop, or on to the edges

of the design studio. A linear form of orientation is a more constructed accurate way to cross a wider
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spae@. Within the studios AMs knew that a clear pathway would always be available for them to

walk around safely and easily.

2) Active handsAM hand movements with and without tools were observed. Nuances of touch exam-
ined grip of tool and home cue use. Sixypanembers showed well practiced linear (horizontal and
diagonal) hand movements to find tools on ttiesktop One AM was new to the studio and was ob-
served repeatedlyrialing the outer perimeter of the studio, to allow himself to remember the
route. Allfive members of the group showed use of home cues and sspdce boundary lines,
meaning that they used particular common objects (pebbtgebookor weighted container) to de-
YEN] | WK2YSQ Odz2S Ay GKSANI RSal a&atbndé&tband KS K2 )
corner or the top right of workspace desktop. The home cue was used to give AMs a consistent cue
point to return to and a place to leave their tool allowing for a more efficient tool pick up point. The
boundary line demarcation was showntire form of a washing line taped to tlieesktop The
boundary line was scaled for each AM, and measured by the AMs physical reach vertically and hori-

zontally.

5.4.5 DD (Stage BICTIVEpegin-holetask
WI R S Q-n-hdléSest(Wade. D.T, 1994aka ninehole-peg test- NHPT) is secognied clinical testo as-

sess rehabilitative needs in a stroke patiefhe sandard use 6the NHPT would be conducted as part of a
stroke rehabilitation programThe pegn-hole taskwasalsoselectedfor its brevity,repeatability, and its

links to assessing fimaotor skills Thiswas considered to be the main aim of theaWld MH version othe
pegin-hole task.The assessment of how accurately NS AMs could drop nine pegs into nine holes using the

MH would go some way to understanding the appropriate use of MH for NS individuals.

The standardcommercialpeg testkit (shown inFig.22) is anexampleof the kitgiven to AMsto use whilst

working throughthe W ¢ KIAfy'3 dzR Q  (iTBeOMKY vielie dz€n requested design a physical 3D moak
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peg board whictwould usethe principles of #ICTIVa tool which was familiar to the AMAPICTIVEis a
common way to allowuser(NS individualsto touch and interact manually with objects which could be used
asrepresenations ofrealworld objects or environmentdor example PICTIVE&e used as wayfinding tools
so NS individuals can scope a mappesh prior to walking through.ihefollowing Figs 24 and 5 present
various forms oPICTIVESeated by the group to represetite Peg testis adesign fopotential MH inter-

face designs.

Figure25a) OptiontH t L/ ¢L+9 2F 2| RSQ4a kcardbdak bok lwddBew
LS3a Ay GFINARSR FT2N¥IGad {2dzND

17 Plastic interface for collaborative technology initiatives throwgtualexploration (PICTIVE) is a paper mapkech-
nigue that permits users to take part in the development processte from Technopedia (accessed 2018)
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Peg: round;v-

triangular bouncy ball

Home cueg

Variety

of shape

Figure26 PICTIVE which has been analyzed and transcribed to show hdiv
NEBfIFGS Ayid2 || @GANIdz2t &z

The ThinkAloudcurrent protocos were givento the AMsprior to the construction of thé?ICTIVES hey

were interesting as they not only informed the location of the object they were placing but also the reason-

ing behind leating the objectAM1& (i F 6 SR &L Y 3J2Ay3 (2 Lidzi GKA& o02E
G§2dzOK Ad | 3 Ay (AMHzRODYitis énterksting to noteShatRree bfahe M vocalized
thoughtsprior to the movement of hands.g. when theywere not movingand not grasping objects\M2

statedd { 2 X SN¥ NRAIKIGXL FY F2Ay3I (2 YA808ndiXA6(MSI, Y R 2
2012 Thevocalization of hand movements was interesting as participants were never askeddalze hand
movements, but some members offered that it helped them to externallyalze their hands touching and

moving.
5.5 DD (stage 3) feasibility Lickert questionnaire

Gathered back at a meeting room spdhe groupgathered around a seating area awere requested to
imagine using the proposed haptic devitklsing @PHANTOM Omni®aptic devicethe group were encour-
aced to individually touch and explore the deviesilst it worked through the example dice game. This was
to set up toallowthe groupto create a mental image of the deviaad feel the guiding forces of the device
The researcher delivered a set narratregarding the uses and working process of the haptic device. It was

explained that thehaptic device would mimic reaforld touch feedback of 3D objedts virtual space. The
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device would allow usei® be guided to pick up and trace virtuabjects. Theyvere asked to respond to
four statements to grade how important each statement would be to them. The questionnaire used the Lik-
ert Scale to grade the statements. (Scale =1 no agreerbentlest agreement). The four statements were
adapted from a SUS gsi#onnaire and each statement was read out loud to the group mensiby Hen-
shaws staff, thereby no emphasis could be given to steer the group in to any form of bias.

5.5.1 DD Qualitative regultg ) , ) o )
The feedback from th&alkingd U A O] & Sa a A 2y a Bhoméd andnefall insigtdhdeieach f dza S Q
group membetto taketheir time to feel an object for themselves, without intervention or interruption from

a sighted family member, Henshaws staff, or even their own AM peers. AM 1 stated,

GL R2y QU t3&RNS UXSIGUKSWE &KIdG a2YSQYlriQ wairode FSS

2013)
and AM 2 [90] responded,

& 881 KS YA (220aA083 LQY tA1S GKFHG® aAQhaArOs Ydzy
YIERD L NBY fAfGRH R2 il & Afl2 4S8 NDK Ay Y& 26y GAYS F21

Y2NBXFYR L fA1S REaysaibed didcussiva samplea enBppendim())

During discussions on tool usEswere keen to expressow they prefered a tool whichd F St & Wy A OS¢
their hand. When selecting a tool group members stated that they were wanted to selectthabéelt fa-

miliar, had a good weight in the handle,tbe handledfelt warmé or had a familiacoating(patina when
touched.The AMs expressed how, over time, they had utilized their single tool for new and tasietor

example, a paintbrush to dragihandle)and to paint(brush) A scraper knifesually used to take paint off,

was used by AMs to put paint oo, to flatten surfaces and fix collage piec@he discussions were very en-
lightening and extremely useful, the versatility of single tool use was unexpecfe® | I Ay ad WOt |

practice.
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The questionnaire responses were reasonably positive, in that mangafrtdup showed total agreement

with the statement that theywould use a tool, such as the haptic tool and they would find the tool useful as
part of the design process. The lower levels of agreement were made by the single individual who was new
to the studio, and he latterly explained he had not really understood the manual design process so could not
really consider digital tools.

Table8 AMs useiled input for the nine hole peg test design

c
The device should be easy to us@

Trainingshould be offered

| would use a tool like this

ements for agree

I would find this type of tool useful as part of th@

I
design Process ) e e

0 1 2 3 4 5 6
Agreement level 15 (1=no agreement 5= total agreement)

Art-Makers1-5 Series5 m Series4 Series3 m Series2 m Seriesl

5.6 Case study 2Nine Hole Peg Test

The affordances of haptics for NS users, when used as part of an assistive tool totedagMe in the virtual
realm, has been discussed earlier in this the3ise following report ofase study 2 (CS2&xplores the im-

pact ofa haptic device and rendered interface to complete W@deegin-hole test.

This section thragh to the end of thd chaptereports onCS2andexamines Nfarticipantsand FSgscon-
trol) participants interactions witth and MH pegn-hole task.TheMH version opegin-hole used a

PHANToMDmni haptic device (curreiyt] y2 6y |a GKS DS2YF3IAO0 ¢2dzO0Kuo

To allow for NS;S inclusive interacticsuringCSZ  8¢lapyed nine-hole-pegtest interfacelvas neededo

offer the following usability points:
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a. Ease of use.
b. Training giva prior to the mairtrial. Apre-trial two-hole pickup and putdown peg task was
designed.

c. TheNS users to be guided by force additions, via the haptic device.

5.6.1 Machine and manual peig-hole experiment
This section of the chapter reports on two experimelntsh using the Phantom Omni deviased byse-

lected sighted and nosighted user group Theexperiments were framed by research question {R&re-

presentedfor reader referenceas it pertains to this particular experiment atids chapter.

RQ1:Can a novel haptic design application, be used to assiséi A 3 K (i SIRMIb]{ NEHDO | a

interact with virtual reality enviroments (VR8)avhen aided by multhodal assistance?

The motivation behind selecting the p#gst was that it wadts brevity, easyo reproduce, simplaset-up,
easy to understand, and it held potential to adapt the clasmthod to suit theNSusel@ needsThe follow-
Ay3a 2dzif AySa GKS Oflaaa0 21 RSQa G4Sad dzaSR I ONRaa
scribes the adapted pefgst used in this study, Mnd MH descriptors are presented. The rest loé tchapter
reports on the pilot test and main empirical test and finally presents findings and discussion.
5.6.2 Wades TesManual descriptor
0 Nine-hole Peg Test original (NHRWade. D.T, 1992
0 Used as a repetitive measured fine motor skills teshieurological patientehabili-
tation

Originalk | R $e&rin-hole protocol

The patient is to be seated at a table, and asked toglane pegs into nine holes and then retrieve
the pegs within a standard time (18.5 seconds). Observer times from start to end of test, but can stop
at 50-100 sec and record number of pegs placed.-iRdmple test has been clinically recognized for

its reliability, brevity and repeatability.
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5.6.3 Adapted nanual pegin-holetest and apparatus
Theadaptedmanual pegn hole test wasnodifiedfor NSparticipants, in that participants were requested to

only place the pegs into the nine holes, the participants wererequested to then retrieve the pegs as per
OriginalWades Test (1992)Seated at a standard height desk, in front of each participant was a wooden
based rig where the NHPT was embedded including a peg housing to the right side of the rig and the nine
hole board placed in front of the MH haptic device, Phantom Omni. NS/S participants was requested to take
one peg at a time for the peg housing and place it in the nine hole board (sequentially in a horizontal direc-
tion left-right). On pick up of the fitpeg the participants were timethroughout the testuntil the last peg

(peg 9) was placed into the last hole (hole 9). The participants were recorded throughout thespethe
recordings were later used to analyse the gaae collision count for eacleration of the test. For quality

Cohens Kappa formula was usaith two inter-rater@ to confirm the collision count for each participant.

Apparatus Descriptor:

0 9x wooden dowelsf9 mm diameter, 32 mm long).
0 1x wooden base with 9 drilled hol€s0 mm dameter, 15 mm deepgach hole

spaced 15 mm apart, three holes per line.

\l

L

A

Figure27 Manual adapted Wades peg in hole test (source: authors own)
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Adapted machine haptiddiH) pegin-hole:

Apparatus Descriptor:

0 9x wooden dowsl (9 mm diameter, 32 mm long).
0 1x wooderrig base with 9 drilled holes (10 mm diameter, 15 mm deep), each hole
spaced 15 mm apart, three holes per line.

0 1x Phantom Omni haptic device

Figure28 Peg in hole test, in embedded rig housing, de
by researcher

Figure29 Haptic device beingsed by participant within peg in hole test (source: own image)
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5.7 Method ¢ Machine HapticPegtest

Seated at a standard height desk, in front of each participant was a wooden based rig where the NHPT was
embedded including a peg housing to the right sifléhe rig and the nine hole boaldcked to the desk

nearside edge, directlin front of the MH haptic device, Phantom Omni. NS/S participants was requested to
hold the haptic device stylus in their dominant hand and hold the end effector on the hom@ spéere

GKAOK gl a 3IABSY | WwWo2dzyOeQ NHzooOoSNI olftf FSSRolOlO®
g22RSY LJS3 o02FNR® ! LY LIAO] dzLJ LI NIAOALI yiGa g2dz R
the participants would hear apg with a slightly higher timbre. All participants were timed, by the haptic
application, throughout the test until the last peg (peg 9) was placed into the last hole (hole 9). The partici-
pants were recorded throughout the pdagst. The recordings were kat used to analyse the pdwle colli-

sion count for each iteration of the test. For quality Cohens Kappa formula was used with twhldntér S N &

confirm the collision count for each participant.

5.7.1 Pegtest conditions
The pegn-hole MH rig, offered threeonditions (rig13); each participant was given a full explanation about

each rig condition from a script, prior to commencing with the tests. Each participant was requested to grip

and hold the haptic stylus in their dominant hand (assessed prior togstecbommencing). Each participant

gl a IAABSY | FS6 Y2YSydaz LINA2NJ G2 adGFNIAy3a GKS 4GS
the virtual home cue, for example, home cue haspanglike feeling, likened to a rubber ball. The concept

of using a home cue had been lifted from the CS1, DD and used as a familiar start and finish cue. Once the
participant was located on the home cue, a digitally-preorded (speech) countdown commenced for ex-

I YL S®S amMZI HSZ oX 32 cpandsiverd rioNadtddictry airhaveinfininal Goddack viith LI N.
the wooden peg board and rig via the stykrgdpoint, to avoid too many unnecessary collisions. Participants

were asked to start at the top left hole (hole 1) and work left to right across eazloflithree holes working

down the pegboard until hole 9. Table 9, highlights a synopsis of the test conditions for each rig.
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Table9 Table of test sequence of each rig conditior, Rig 2 is adapted rig max haptic and assistance

rig

Iterations

numbering

Conditions

rig 1

4 (11,12,13,14)

1.

force present
smallvirtual target holes
audio speech

non-speech sounds.

rig 2

4 (11,12,13,14)

force present
largervirtual target holes
audio speech

non-speech sounds.

rg3

4 (11,12,13,14)

decreased forcepresent
decreasedirtual target holes
audio speech

non-speech sounds.

5.8 Participants

t F NI AOALI yia

GgSNBE AYy@AUSR G2 01 1S

LJk

NIi

g-mboke 0KS

test, (n=3) NS (clinically classified asd)liand (n: 3) FS. NS and FS participants were recruited from a local

charity Henshaws College Institute. All participants had different educational backgrohisdsas a mix of

special needs schools and mainstream for the NS and mainstream fail#&8 shows the gender and age

range of the participants and their hand dominance.

v
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Table10 Demographics of participants (Henshaws) Peg in hole test

Participants
Participants Gender Participant num-
Dominant hand
Age.
subgroups 9° bering code
(Male=m,
(Years) right =r left=l
Female=f)
Nong Sighted 2=f,1=m NS1,NS2,NS3
3040 3xr
(NS) total =3
Fully Sighted 2=f.1=m FS1,FS2,FS3
3040 3xr
(FS) = total=3

All participants had previous knowledge of, or were familiar wiing a standard commercial desktop com-

puter to an extent, but none of the participants had ever used any form of haptic device, such as the chosen
Geomagic Touch device, prior to this studyaining of the Geomagic Touch device, was given to all partic

pants prior to using the tool, via a ptgal haptic test. The prérial training was given to make sure that the

LI NHAOALI yia 6SNB o0SAy3a GSadSR 2y GKS AYyGSNFI OS |
5A & 02 @S Ndba usdtaoRe®rithe training and to that end all participants received the same guidance
from a script, and each participant was allowed time out to reflect or rest, prior to committing to the tests

and throughout the duration of the tests. However, no participantuested to take rest breaks at any time

during the testing.

Bl (dRSyGa RAAO2OSNI 1y26tSRIS sA(K2dzl FdARIyOSs RSGSE 2 LI
phen Bostock), retrieved, 17:17, 15 September 2006 (ME&Eessed via wikiOct 2017)
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5.9 The validation of usingnachine haptic witlpegin-holetest
In recent years NHPT has been lifted away from being a purely manual test and has also been used in the vir-

tual realm (VR). Particulaeference here is given to previous studies by AmirabdolladiehJohnson
(Amirabdollahian and Johnson, 2QEhda more recent study by Bowler, Ambdollhian and Dautenhaln

(Bowler, 201}). To date, there have been no oth&tudiesthat the author is aware of, usirgeg test(MH)

adapted for use by Niidividuals. Amirabdollahiaand Johnson(Amirabdollahian and Johnson, 2Qktudy

dzaSa 'y | RILIGSR 2 I RS QAacoriextt The tasthig iai gevelopeditiBekreastimé A G I G A
changes to be made fpeg diameter, peg height, peg weight, hole diameter, separation distance between

holes and clearance (peg vs. hole) thus allowtmg creation of more dynamic virtual environments. A later
variation of the pegn-hole test prepared by Bowler, Amirabdollahian and Dautenh@uowler, 201}, al-

lowed for an exact replication of the clinical NHPT using the haptic tooling, used in the context of rehabilita-

tion assessment.

5.10Pretrial training of pegin-hole testand machine haptics

All participants were requested to complete at least two trials ofptheetrial trainingtest, prior to the main
test, the pretrial test was a shortened version of the main gaghole test and designed to allow users to

become famiblr with the unique feedback from the haptic device.

Peg

Peghoard

Peg hole

Figure30 Representative graphic of peg in h@lee- trial
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5.11 Developments of thepeg-test (mark ii)

A preliminary quality NHPT was conducted by 3x NS participants ptioe toain testing study. The results

showed that the timstaken to completehe peg inserion into hole nine (19), were not aligned to 50sec time

fAYAQD

final hole nine. Time average wgs30.3 segs it was deemed this time did not reflect the potential of the
haptic rig and so adaptions were developed to lower the average time closer to the V@atkst standard
average timg18.5 secondsYherefore a new iteration ofpeg test(mark i) was developed and this iteration

was used within CS2 pdgst experiment. The table below references the inclusive issues and theaadapt

T 2 NJ 2 | sveSaQeitimévastakeforthe Wsker o I9itk up the first peg and place it ia th

tions made to allow the haptic rig to be more usable for NS participants.

Tablel1 Userlssuesand MH adaptions from Mark-2

Usekr Issue

Adaption

1. Issue-Theuse of arembeddedphysicahaptic
pegboard did not allow th&lSusersto place
the peg in the hole easilyithout too many
collisions

ResponseA large circumference of the peg hole was
created within the interfaceThis was connectetb the
coordinatesof the physical pegpoard, therefore allow-
ing the user to touch the edges of wider pbgle with
the physicalpeg and the peg was considered inserted
the holeby the interface

2. Issue-Users felt littleforce driving then to
place thepegin the hole.

Response Offered a range of forces to increase spee
to hole.

3. Issue-Users requested more speech sounds
mixed with nonspeech sounds (pingsings)
to denoteto them more of a multimodal expe-
rience.

Response Added speech sounds at the beginning an
end of thetest, and norspeech sounds to notify user
when the peg was inserted correctly to allow them to
collect another peg. Previously it appeared thsers
were waiting for the haptic to drive them to the next
LJS3 IyR (KS tSy3idikK 2F ol
resulted in a larger overall time.

5.12 Qualitative resultshaptic pegin-hole test art-maker feedback

Results from rig test 2, showed theegtest difference between time values and betwesrbgroups The NS

LI NIAOALI yiaQ NBadzZ da

skill control or orientation difficulties with this rig.

FNRBY SYLANROL €

NBO2NRAY I&

2
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When compared withihe qualitative feedback it could be seen that the NS participants endorsed this,
aL fAl8KROKBPAGABRAS 20Fa0G waA OB dDE
GXgKe Ddzy/igaIN] 6A0GK ydzyo SNI HKE

{AIKGSR LI NIHAOALIYGaAa &adlFGSRZa L YA GKS FT2NDOS

[
[
w»
¢

whichwouldQ G & G I NI (2 NIRBB2018 K ¢

& L fA1SR (KS Lidza K A sicBall & a suthién{laughs)Bu&ifl got pastied ok S 6 K I Y X

0f 201 Xa0dNXAIKG 6 8XOAA0B8PE Ob{H HAMHDU

The posttest review provided NS/FS participants with a chance to communicate reflections for all rigs,

GL FStd GKIG GKS ydzvamN&a g NBAH(L-%BE) BEaZORE @S 1SN UK

G¢KS aSO02yR 2yS IIMNSIG2S 6@NJ OB UKE 4103 KEIRAN2NB a2 dzy

3 dzS eN§2; 2012)

Gad L)Sibrgegt i y2d HXI (KFGIQa GKEOS32NS (GKFG L g2dz R d

Multimodal haptic interface and haptic augmented tooling, was expected to increasel spel efficacy of
participant use, compared to the neassisted NHPT. The results reveal that the hypothesis one (H1) was in
fact realized from results taken from rigs 1 and 2. Rig 3, designed specifically to test the acceptable bounda-
ries of haptic usewith less haptic cues proved inefficient compared to rig 1 and 2 which offered better results
as they had the forcassistanceAlthough the FS and NS participants did struggle with rig 3, NS participants,
without exception, equally recorded an increasdime from initial peg insert to final peg insertion, as well as

gualitatively NS1 offered that,

z A

GXGKS tFraid 2yS NBS1L00B FNHZAGNI SR YSooé

They went on further to say,
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GodL F2dzyR L gt a o AGAYMNSEFDN IdzA RFyOSsE 0 dzi

It can be said, througanalyzing qualitative feedback, that once the NS participants became accustomed to
using the haptic tool, they became conscious of the force feedback sensations and expected to feel this on
every interaction with peg test rigs. Wh the force feedback and guidance was reduced the users felt the dif-
ference and communicated that the feeling of the maximum force made the auigi@m of touch more

convincinghan without it.
5.13Collision coding and its intraater validation
All of the pegin-hole M and MH were video recorded and codexdterwardto assist with analysis of collisions

of the endeffector in the peg hole or pdmard. Cohens KapgMcHugh.M, 201Pwas utilized to undestand

a measure ofjuality ofagreement between two interaters®,

19 An interrate is asecond observer of recorded material, the intate views a reduced version of the test facilitator
and indicates where coded events happen e.g., collisions.
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Tablel2 Table showing interater difference in collisions observed for iterations of all rig conditions

Rig 1 Interpretation oKappa
Participant | Rater 1 Rater 2 Different Poor Slight Fair Moderate Substantial Aimost perfect
Collisions | collisions between rater
land?
1 4 3 1
2 5 5 Kappa Agreement
3 6 6 0
4 4 3 -1 | <0 Less than chance agreement
5 5 5 0
6 6 7 -1 | 0.01¢0.20 Slight agreement
Rig 2
! 2 2 0 0.21¢ 0.40 Fair agreement
2 3 2 -1
3 3 4 -1
0.41¢0.60 Moderate agreement
4 4 3 -1
5 5 5 0 )
6 5 7 7| 0.61¢0.80 Substantial agreement
Rig 3
1 5 5 o | 0.81¢0.99 Almost perfect agreement
2 5 4 -1
3 6 5 -1 | 50.0% (M.Avqg) = Moderate Agreement for collisior
4 5 5 0 .
metrics
5 6 6 0
6 5 5 0 Resume of proportional agreement and average agree
ment
Total count of 0 in difference column = 9
Total ratings = 18

Proportion agreement =

3/6, 2/6, 4/6

Percentage agreement =

50.0%, 33.3%, 66.7%

Overall percentage agreement = (mean)

50%
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5.14 Results
f 5dzNF GA2Y FYR O2ftAaAA2Y

The approach used was to examine results for duration of each participants NHPT with each rig. The average

mean and std dev. Is summarised in the table below (Table 38).

Tablel3Mean avg peg in hole test, FS,NS, ri@sdliration and
collision

Duration nCollision * Rig

Rig Duration nCollision
Rig1 Mean 16.2917 12.6250
M 48 48
Std. Deviation 8.86R32 216867
Rig2 Mean 11.3125 13.1250
I 48 48
Std. Deviation 545838 304313
Rig3 Mean 243542 18.6833
M 48 48
Std. Deviation | 13.23517 563455
Total  Mean 17.3194 147778
I 144 144
Std. Deviation | 11.05780 468859

Tablel3 suggests that Rig vith full multi-modal assistances) yields better mean averages overall (dura-
tion/collision) user results for both groups. Rig 3, without assistances, has the highest averages for both
groups overallAnalysis of recorded durations were carried out betwgeoups using one way analysis of
variance (ANOVA) order to review the intergroup differences as measured bypghgormance time. From
this a statistically significant resiffi < 0:001) was attained. This indicated that based orpt#hréormance

time measured, participant groups differed significanfiis included the full 12 sets of data erticipant
group. The next step was to ascertain if there wergnificantdifferencesbetween different iterations. An
ANOVA modelith duration as parameter ahiteration as factor returnedtatistically insignificant differ-
ences (p = 0:802). Thus it wasssible to consider the results for all four iterations. Additionallgecond

ANOVA considered differences betwdbe BM/EM measurements that were recordedth a onemonth
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separation to consider learning effects. As there wagmificant differences shown by the results (p <

0:0005; F =23:604), it was reasonable to separate the BM and EM datasets

9 / 2YLI NREA2Y Ol aASR 2y LISNF2NXIYOSY W5dzN» GAzZY
The approach teen after the analysis of duration and collision, was to then analyse each of the metrics sin-

gularly. The box plots below in figures 39, show variance in duration between both groups.

Box Plot showing variance in time between non sighted and sighted

paricipants

Rigs
1-3

0 0 | i
H:z
s

5001

40 0= * *

30.0 I

Time(seconds)

20.07]

Ty t

Q T T T T T I
1 2 3 4 5 &

Paricipants

Figure31 box plot showing the Duration to insert final peg 19 by N®(and FS
(4-6) participants, across three rigs
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Figure32 Durationg BM forrigs 13 all participants (NES)

Infigure 32, the results show thalNSparticipants, without exception, resulted infastertime value than FS

participants, this can be seen throughout all rig8, bverone testing followed a month later kyretesting.

Infigure33,NB adzf & INB aKz2g¢y F3IFAyald GKS adryRINR GAYS
Test (18.5 second§)r healthy participantsFrom this we can then expect that MH assistance needed to of-
fer enough support to enablall participants a lower time record or at least an equal time to that of manual

standard peg test for healthy participant time.
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Box plot showing time taken to complete final hole
insertion (Sighted only)
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Figure33FSrig 1,2, 3

Results shown irfig 33,imply that NSand S participants did complete the MH péaghole test well within
theparameB NE 2F GKS aidlyRFNR 21 RSQa WKSIFf{iKeQ LI NIAOA
more haptic force assistance and multimodal cues than rig 3. Tdrerdét seems logical to note that rig 3,

with little or no virtual haptic force assistaa included, shows an increased amount of (secs) time to final

hole.

5.15Results:beginning of the month

Given a standard time taken for completion of the manual test without haptic assistance, recorded as 18.5
seconds for healthy participants. It can bgected that virtual haptic assistance will offer enough support

to enable all participants to record a lower time, or at least an equal time to that of manual standard NHPT
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healthy participant time. Results shownfig. 34 imply that NS and FS partiaipts did complete the MH

LJS3 GSad ¢Sttt gAGKAY (GKS LI NIYSGSNBR 2F GKS adl yRE
haptic force assistance and multimodal cues were included. However, rigs 1 and 3, had a variable completion
time with respet to the conventional NHPT duration (as shown by dashed line in the pltis)NS partici-

pants highlighted, via empirical recordings of rig test 2, that they had no real motor skill or orientation diffi-

culties with this test.
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Figure34 Time- BM for rigs 13 all participants (NSighted).
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Fgure35BM/EM comparisons between groups and rigs1

An interesting observation made lexaminingFig,35,is that NS participants consistently show smaller varia-
tion in performance using the three rigs, compared to the sightatiggpants. This difference in variance is
shown in Fig36time variance between participants comparing BM and EM phases magnified at the EM
phase which can indicate a different level of learning, yet further experiments with larger sample size would

be reeded to draw a more reliable conclusion.
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All of the collisions recorded wesmalyzed and correlated against the time taken to complete each rig test

to give an overall efficiency score.

CollisionNo
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Figure36 Non-sighted and sigted collisions for rig 1, for four iterations
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Figure37 Non-sighted and sighted collision across rig 2,
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Figure38 Non-sighted and sighted collisions rig 3 over four iterations

5.16Discussio

1 Deep Diveand Henshawart-makers
TheDeepDivefield studyasdescribedabove showed that arimakers preferred to use a single craft tool to

work on a specific piece of work rather than a selection of taofsch opposes the industry nosnwhere a

plethora of tools are used to fit the process. The Tal&tigkactivity highlighted how ariakers use touch

to interact with their preferred tool, and how they layout theworkstationwith tactile cue points to enable

easier orientation around their artipce and theiworkspace Qualitative datafrom the PICTIVE peag-hole

testwas designed as@-design userctivity that enabledthe layoutof the physical tactilesersion of the

pegin-hole test The inclusion of armakers at the early phase of thesign and developmental processis

complex to arrange and lengthy to complete. In line with other resear€lraisive study the whole obser-

vation process and working with vulnerable sensitive users is never easy, but the perseverance of the process
to completion was extremely effective and the results, in this case, aided tigoimg studies and the re-

searchersknowledge of norsighted individuals in the discipline of crafts and craft making.
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The following points were refined and extracted from theep®ive study tautilize in the planning and de-

velopmentof case study 2:
o Singular tool use for many different interactions
o0 home cue points,
o grip and manual handling technique,
0 orientation,
o fixed cue points and

0 object manipulation techniques.

5.17Manual and machine haptic pegn-hole test summary

The following points offea detaileddiscussiorof the M and MHnodes of the adaptegegin-hole study,

1. Force feedbackAlthough most of thaNSparticipants reacted well to the initial steering and
haptic forcesthis group showed a much better reaction than the FS participants who were
confused or inhibited by the guiding forcésclearly emerged from the qualitative data that
NS participants were actually quite used to being manually guided in day to dfay Eeam-
ple to a landnark, or starting pointOneNS2offeredz sod will be guided to the holes then?

I oAl fA1S Y& AdAILR NI 62 N)| ¥BoieasPalE hK &SI K3

2. AudioinclusionsTK S | dzZRA 2 OdzSa | ff246SR (KS dzawBhNE (2
out being a gimmick, as participants stated that after the rig 1 test they were then listening
for the audio cuesAll sightimpaired participants seemingly enjoyed the countdown stating
QiKA& Aa FTdzy®Q hN Q¢ 2 ¢ ,soidofithe @adp@®ch sonridsi 6 & 3

needed to becleareror louder andusing ahigher timbre. Acollection of different sands
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was also suggested &L participant who found herself listening more and more for a
sound cue alongside the guidanstgeoffered thatshewas searchingpr the duality of these

senses to cue her to the next hole.

3. The widening of thembedded pednole - this assistive adjustment was extremely useful, it
allowed more single point sensitivity to the users and calmedufer<Irustrationswhich
were seenn the previous version of the teshark1. Here participants were not enabled to
clearly insert the peg into the hokes the hole was simply not wide enough for the user to
feel the hole physically and insert the peg at the same tiviteout incurringmultiple colli-

sions or a greatetime for the whole test.

The gqualitativdfeedback from the MH peg testasvery encouragingand itcomplemented the quantitative
results It revealed thatNS participantsiked rig 2 which contained the most assistive afftances Partici-

pants communicated that they felt it was the easiest to work with #rey felt that they achieved more in a
shorter time. They also enjoyed tlaeidio soundsndthey vocalzedthat in future teststhey would appreci-

ate more varied sounds dran even larger increase fifrce.

To conclude, this study has progressed in proving the RQ1 and is able to state an agreement with the hypoth-
esis, rather than the null hypothesis. The hypothesis agreement and the null hypothesis rejected and this was
particularly relevant to the results shown from rig 2, which showed a much better average time per iteration

GKFy GKS 2FRSQa adFyRIFEINR YlydzZt GAYS (2 O02YLX SiAz2

020K b{ 6SNBX 2y LI NJpltotike forla Réaldyisighitad ingiviRilaN R  O2 Y

The next chapterGhapter6) outlines, in detail, a qualitative and quantitative report of a second haptic inter-
face (Experiment 2) designed fd5- Vliand FS patrticipants. The second study has been desigrogtir
NSVI and FS participants access to a more creatively designed test. The chapter discusses the results and

shows connections to research question8.2
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6 Shape Assembly Test

This chaptewill describe and evaluatide formation of theWHapeAssenbly test.QThe introductionoutlines

the context andmotivation behind theexperiment It discusses the initial proof of concept working with As-
sociate LecturergALskemployed by the Open Universif@U) and outlines the design and structure of the

test. Feedback from the proof of concept trials were collated and used to develop the main Shape Assembly
Test. Finally the developed (MarkSihape Assembtgst is discussed as participant tasks and analysis asing

mixed methodologesapproachwhichare pesented and discussed.

6.1.1 Introduction

Richard SennefiSennett.R., 2010.communicates hiapprehensionsthat beyondthe PC designermakers

are losingheir ability todevelop traditional manuatraft-makingd { A f £ & ® ol2y2 {{ SHLYKSNhE NI T
outlines how he believ&technology is destroying hawtafting skills.By usingdigital makingorocessesde-

signes candetach from their trainedinstinctsto W LJftd bé kandson with materials and proces®esign

students are often encouraged tsecome accustomed to workingith materials and procegs Tokeep an

Wpen mindwhilst working withtheir own tactile response$o materials Many practicing designes often

interact withraw materials in avery physical mannerlt is common foidesignes to bend and actively man-

handle pliable materials tallow them tobetter understand their tolerancesn the fly, and so they caste-

cide whether or not tautilize them in a prototypecreation. Some classically traineagsignes mayagree

with the sentimentin{ Sy y S { {.(HaweveSTAREdlogy offes timesaving and technicadl-

vantagessoit is often a business decisionwwrk with digital over manuatools.

The experiment reported within this chapterristivated by theneedto offer designes and design students
(NSVI,FS) the chance to engage with virtual haptic tools to use touch to aid assefrebprototype;by in-

troducingMH tools it is hoped that users will be able to maintain haodsskills in the digital realm.
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6.1.2 Computer aided desigmad the modelling process

As previously discusséu Chapter 2, CAD and visuathntricgraphistools do presentsome visuahccess
barriers to NS and VI usexGAChas been known talso offer barriers tdess technically driven designexrs
it canoften appear to be a daunting complex technolodfarris and MeyerfHarris L.A.V, 20)dxplain that
it is commonrfor CADsoftwareto appearcomplex andi SOKYy A Ol t f @ RNA @Sy GhyS 27
ogy innovation is that computer graphics software programs, written by software engineers, often come with
so many features that the product becomes overwhelmidgtf S Ny ' yR GKSNBF2NB 0SC
However, Harriet al. (Harris L.A.V, 20)4ssert that in recent years CAD software companies are beginning
to incorporate a more useed approachresulting in CAD software reflecting a moreative processed
interaction

6.1.3 Trgditional and virt,uaIApro:[otyApe (;Iesign B ) o
¢NF RAUAZ2YIlIffte UKS ONBIUOUAZ2Y 2F | RSaA3dy WO2YyOSLI Q
ries of physical concept prototypes. Prior to the industrial revolutiagi®(8) crafts makers would typically
create low fidelity prototypes often using low cokiw-gradematerialsfor exampleclay, off cut wood. The
next stages of design concept generation would be to select low fidelity models and recreate them in higher

grade materials but at half scale.

During thelndustrialRevolution (17601840), aclear gap was created betwe&esignefMakers and the
handson process of making. Besignemwould create a design concept dvang draft and a prototype form.
Once a designanceptwasagreed the Designemvould pass the moddb be massmanufactured. Todaipe-
signed Q F2f f 20 themddK develbpngnighr@dss The Design Council hasamed a standard
model whichis entitled® ¢ K S 5 2 dzo {CSundil,R0O1E, ZhgfiRstbf the two Diamond, is shown in
(Fig.28), for the purposes of this study a singular diamond is usedpcesent the early stages of the design

processthe iteration and development pradureof prototyping Prototyping works with germinal stage



128| Page

modelingor sketchmodeling®; in low resistant materidior example modelingblue foam.When the first
stage of theDoubleDiamond process uses C#&Ddevelop ideation itould be arguedhat the process lacks

any meaningful level of ahandsy’ | LILINB I OKX GgKAOK {GNIRAGAZ2YLFffe& KU

Design concept

< Design deliver ’ Design Definition

Design Development

Figure39 Design Diamond D process adapted from Design Council Diamond D model 2015.

Figure40 Blue foam prototyp€left) and CAD drawingsight) Source: Pinterest Nikon 2017

20 Sketch model is a base starting model which is usually a quick model made from low resistteri@srsuch as pa-
per and card.
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6.1.4 Creating a prototype

For reasons of simplicity and brevity a simple geometric based chair was selected to be the basis of the pro-
totype used in the Isape Assembly tesThe style and context of the prototype was a simple Bauhaus style
chair. The Bauhaus furniture has inspired design students for many years due to its innovations and honesty
to materials and form thereby making this historical link &saoped that OU design students would be
equally as inspired to assemble the geometric foriifeeselected style ofhair, wasinspired by Walter Gro-

pius chair (Bauhaus period CirceB4) and maddinks backto The Open University &signBasic§nodule

Figure41 An Example of Walter Gropiusobk chair

Figure42 A sketch model od Bauhaus inspired block chair

Cft26Ay3 DNRLAJzA Q& SEI YLX SamplyHeSignSiomIsuiednteyiai LINE (i 2
blocks none of the blocks haihterconnecting partsand allparts of thechair were made of standamgadily
available (palnsized geometric blocksThegeometricblocks were selectetb be handled byNS Vipartici-

pants, in that, they werdightweight,firm but pliable foanrubber, therefore they were comfortable to han-

dle and light enough to pick up if the user had any form of motor skills issues. The shapbsiglale

coloredand contrasting in tone primarily to make the most of Vldaal vision, meaning that the blocks

were contrasting ircolor, or moreimportantly tone, which is ofterused to help identify objecté-ulton.S,

2016). The virtual version of the prototype haptic assembly blocks werexantecopy of the manual ver-

sion.
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6.1.5 Haptics andlesign practice
As previously discusselgsign Practice is a uniqueliouch-led discipline, where haptic feedback is key to

interactingwith materials and proceds enable design decisions about concepvelepment
Touch is embedded within most of tiedements of the design process:

1 The germinal phas¢ouchis used tccreate sketch models

1 Development phase touch enablesiesignes to examine and test materials

1 The final concept proof phasedesignes use the model to allowlientsto gain touch interactions

with the model

Much like Scakt al.,(Scali.S., 20)3this studyhasalsoidentified the {erminal phasébf the design process
as a key stage to exploit haptic interactions. gkeeminalphase isvhenthe designes(tonceptsare more
organic and thee is aflow betweendrafts an paper, modelandreflectivecognitiveprocessingthisis the
ideal process tadopt in order to maintaircreative thinkingOften, within this phasejesignes externalize
their ideasthrough multrmedia and model assemblwhich ultimatelyaids thedesignesCideation process.
There is a fluidity between mind and toudhgtile interactions would be useful at this time as wisere the
Designeliterally drawsout ideas, physicallyrialing the concepts hapticallyhen returning to & autono-
mousreflectivemode. Occasionallydesignes may just assembleMarquette?! /prototype without any
drawn elementthenre-draw the Marquettein varied extended formatt extend tte forms of the design
concept Designersnay returnto Marquette model and create alternative versions or alter the original Mar-
guette, the fluidity between ideas anthodelingis important toretain at thegerminalphase, as it allowthe

designerto maintaina sense of freedorof thinking.

For thisstudy thegerminal stagés used as vehicle to create hapticmodel assembly interface. The assem-

bly of pieces of the model at the germinal stage wausdallybe a rapid dynamic proceseften designes

21 A Marquette is another common term for a low fidelity model, although the traditional use of the term Marquette
was used by carpenters or craft makers, and prototype was the term used in industrial design.
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limit themselves to & minute model assemblie3he speedf assemblyetains the impulse and creative
notion of the modekonceptand allows theDesigneto manufacturea series of models foa later more re-
fined selection.Therefore this studysetsan accgtable maximumindustry standard timg5 minutes)o the
model assembly test.

6.1.6 Developing the desigd ¥ ( K SassérhbKil- 9 d8@érface
The reasorfor selecting the germinaltage of design (early stages) wasallow design students access to a
WK | -¢ @Btual modelingtechnique from the early stages of theabhondDCprocess. The 3D block mesh
wascreatedfrom a 3D scan of the physical blockee 3D scanne S & Q ¢ S NBntodhdl¥iryial IDS NNE F
environment, where the nets wereoloredandsma2 § KSR dzaAy 3 GKS KI LIWOBA Wh LISY
UnityQThe overall design and layout of the hapdadered environmentvas designed using a standard

graphics packagéhe following flow diagrar(Hgure41) depicts the designingrocess othe haptic nter-

face

.
30 SCAN OF TRANSFER OF 3D SCANNED GRAPHICS OF USER
FOUR FOAM SHAPE NETS TO HAFTIC INTERFACE CREATED IN
BLOCKS COMPATIBLE SHAFE NETS FUBLISHER/FHOTOSHOP

{UNITY)

v

SURFACE GENERATION
ASSEMBLY = GEOMETRIC HERESEEEEH AND GRAPHICS FOR
SHAPES IN A BOUNDED Sl elzs SHAPES

WIRTUAL SPACE

Constructed SHAPE

ADAPTATIONS AND SESR neTicVIRTUAL
PROTOTYPE ASSEMBLY
ITERATIVE DEVELOPMENTS. TEST (proof of concept
test )

Figure43 Flow diagram of haptic interface design
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6.1.7 Pilottest procedures anautcomes
As outlined in the Chapter #ethodology, a pilot test wasreatedto trial the concept of thePrototype

Shape Assembly tefibeta version) Three design academiemployed withthe Open University were invited
to trial the MH interface and tasea simple thinkaloud protocol, followed by an evaluation questionnaire.
The ains and objectives for this testereto gatherpoints fordevelopment from the academics, and their

brief was tooffer evaluationswith FS and NS, VI studeftise of the MH interfacean mind.

Each academic was initially requested to first assemble the prototype model of the chair (shégure 42)
in M and MH modesjn MH users worked with the selected haptic devitee Geomagic Touch. The three
academics all gave a detailed account of their experience through the use of theAlbirtktechnigue, and

through posttest evaluations.

Once accustomed to thgpace and using the probe, participants were keen to explore all the walls and ceil-

ings of the space using the probe, and they were surprised when the environment responded by offering the
user the sameactilefeedback as would be expected imemtworldO2 Yy  SEG X &/ 'y L TFSS¢
FE22NJ I a I(OUNKtcihantALZYIOSIKY F2Ay 3 (2 (GNB | yR LWL GKA:

Participant AL2)

Once participants had probed the environment fully, they were then more confident to intesgicthe 3D
shaped blocksentered on the floor of the space. Two of the participants felt that they needed to draw on
the facilitator to remind them of what to press and how to react, and felt that they had to pause to collect
their thoughts before actig on the instructions as they seemed to be tentative about over forceful use of the
probe and the virtual environment. This disappeared once the participants had been using the tool for 10

mins or more, and the users were observed to relax back in tbairand not ask so many questions.

GL FY 3ftIFIR GKIFIG L KIS GKS 3IdZARFYyOS @OSNDHI f(OB I 2 NJ

Participant AL1)
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One of the participants offered in the test thialtoud dialogue that she always usually needdareak with

motor skills work due to a personal injury, but she felt ok with the stylus and felt the force actually helped

her to move smoothly. All the participants stated how they felt they were confident in the knowledge that

the environment was solidnd how the 3D shap&®eight aided in their relation to the VR from their under-
standing from the real world. All three participants felt that they were intrigued to change the camera view

of the probe in connection with the 3D environment, but they albif distracted them after a short time.
Observations showed that when each user changed the camera angle, they seemed to move nearer to the
screen, and they angled their heads in relation to the camera view. All participants reported that by using the
probe they felt physically drawand connected to the visual environment in a manner that made them feel

Y2NB WLINBaASYyiQ Ay (KS SYy@ANRYYSyGs FfGK2dzZ3K GKAA

Given all of the feedback and qualitativeaduations from the pilot testhere were some areas highlighted
to revisit and develop further to allow for a more udeendly experienceshown in subsectiorHowever

the benefits of using the haptic interface were apparent from Associate Lecturdeedback,

aL OlFlYS K2YS NBlIffeé SyGtKdzaaSR o6& GKS ARSFZ AlG C
we have been able to get computer technology this far within Education. The opportunities as a tool

for design for distance learners areerélld | & F I NJOU Rarticipatht2/2015)S S ® ¢

aL 0StASPS GKFG KIFILIGAOA gAff 0SS G GKS T2 NBETNE
pact on societies future ancthn see this being used alongside other developing fields within design

and technology etc., such as 3D printing, fabrics that integrate digital technology within fashion, tex-
tiles that are sustainable and building materials that look at being low imgatt.Participant A,

2017

GL FTAYR GKAZ T aOain iddyl3G $ 5 RY & yv2 HPUBSIRAALG S S (i K

2017)
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The range of Associatedturer comments from the pilot test offer stng words of endorsement,
which wasencouraging. As critical parts of the teacher student contact, Associate Lectlieagues
hold a great depth of experience of student needs ardkep understanding of the role of VR em-
bedded inThe Open Universiga + ANIidzZl £ [ SINYyAy3 9y GANRYYSYyld o
was from AL1 who made reference to the haptieiface stimulating her creative thinking, this is a
particularly useful comment as it appeared, for this individual, to connect haptics and the movement
of objects in virtual space with creative thoughts, this was an encouraging reaction to the firdt use o
the haptics tool.

6.1.8 Pilot test outcomes
¢KS NBadzZ# 6a 2F GKS (Said GAYS:E aK26SR (KS KFLIWGAO A
minutes) to assemble a sketch modete tablel?2). The comments from the academics through Théri&ud
and post-trial evaluations offered that the interface did require more development, as there s@neein-

clusiveandtechnical/ usability issues revealed in theta testsMark 1 version

Table14 Quantitative results Pilot test demographic

Staff No. Gender Dominant Duration Collisions
hand (Mins)
S1 F R 7 4
S2 F R 8 3
S3 F L 9 5
(M£SD) 8+1 4+1
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The followingeveal the Pilot Teslevelopmentalssues

1 Prototype Process mimicry there shouldpresented to the student in a simiidormat to thatof a
CAD screetayout, which wouldallow the usersa known layoutmaking orientation easiefhe users
weretold that we were not haptically rendering the structural layout of 8@een and nonsighted
students would not be able teecognize the visual difference between CAD windawd the haptic
rendered windowHowever, the comments were taken onboard and the layout of the screen was

simplified.

9 Prototype Process mimicry, to mimic the physical version of theanualprototype proces includ-
ing aspect of the 360 degrees view of the prototype object. It is common for designers to keep mov-
ing the prototype whilst working with it to enable them to see the forms and shapes as the model is

built. This aspecvaschallenging as the foundaA 2y 6t 201 yYSSRSR G2 06S FA

bounded space so nesighted participants would have a fixed firm starting point from which to
begin assembl\However, a viewing button was offered to visually impaired and sighted participants

in case hey wished to view other facets of the model.

1 Adgility, speedcUsersfelt that although they could feel the freedom to move around all areas of the
bounded space and shapes within thesptK S& FSt 4 (KI G0 GSOKYyAOIFf RAT

issuehad affected their performance in completitige test within the given time

1 Multimodality ¢ Although users appreciated that the system was set up to be inclusive, they felt that
small adjustmentssuch as &reencolor, could be an issutor visualy impaired studentswhoin
computer labs were often seen to altdre contrast or colorrange of the objects oscreento suit
their particular form of visual impairment. The final multimodal issue was thespaech ping sound
was too high pitched, and it vgdelt that a calmer nosspeech sound should be adopted as the high
pitch ping seemed to panic the users and make them anxious. A softer alert sound was found and

used within the main haptic test.
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6.1.9 Main, ShapeAssemblytest
f tFNIAOALI YA

The main Shape 8smbly test enrolled twenty participants, ten were sighted and the remaining ten were
registered as noisighted or sight impaired. In the nesighted/sight impaired group there were five females
and five males, none of the nesighted group reported any ber motor or sensory impairments at the time
of the test. The nossighted/sight impaired participants were recruited from the Engineer and Innovation

school in the department of STEM at the Open University.

The sighted sample group was made up of seversnahd three females, none of the group wore specta-
cles and none of the group reported any health issues, motor impairments at the time of th&hest.
sighted group sample were mostly studying in the school of Engineering and Innovation, with two érom th

Faculty of Arts and Social Sciences (FASS) but registered to Design modules at the time of the testing.

Alltwenty participants had good knowledge of computgded design (CABpftware used to design product
design solutions. However, only 45% Haghly-experiencedccomputerbasedknowledgeof prototyping, and
usedfreewareand licensed softwarsystemse.g. Google Sketelp, Blender, Autocad\None of the partici-
pants had any prior experience of using any form of haptic device such as the selecited Geomagic

Touch device
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Tablel5 Participant Demographiassight acuity, gender, number, dominant hand and age

Dominant Age

hand
Participants No. (Years)

(L/R)
Males (NS,VI) 5 2/3 42 +22.8-sd
Females (NS,VI) | 5 1/4 47+14.9sd
Males (FS) 7 0/7 33+13.1sd
Females (FS) 3 1/2 29.6 = 5.5sd
Total 20 20 37.9+8 sd

6.1.10Test Desig@Marki andii versions)

The Shape Assembly Test used mixed media concurrent triangulation appcoasksting of qualitative and
guantitative data collated concurrently and then the two data collections were compared to determine
whether the data converged, held differences or a combination of the two. The data was measured as a be-
tween-subject data, andjuantitativemetrics appliedvere shown adime (titled - duration)time was shown

from the beginning of the test to full assembly and shut down of the virtual environment. The second metric
used wascollision(titled as nCollisions)rhe collision metric was used when a participailided with a

static (nonactive) shape, or a shape that had already been assembled.

Qualitative methods were selected to gather data from Thhdud technique which ran throughout the

whole test M and MH modes. The test also included a{esttLikertquestionnaire, sent to all participants

on the evening of their teslayto complete and send backa a closed password protected submission.box

All qualitative feedback was analyzed via NVivo v.21 software (themes and node construction is outlined in

greater detail in Chapter 4 and, all raw data carsben inAppendix B.
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6.2 Haptic Stimulus
f +ANIdz-f FYyR Ylydzrf {KFLS !'adaSvyofeée ¢Sai

P
(0p))
ax

a) Manual (M) test: At the beginning of M test2 block shapes were set hgted(fixed) foun-
dation (yellow) cuboid? x red cuboid set slightly apart from the foundation blockhe M
test offered user one fixed block and one in front of the fixed bldegko further blocks were
placed in avooden boxwhen all the blocks were assembled the chair ptgpe would be

complete.

Figure44 MP Prototype Blocks (authors oyvn

Machine haptic(MH) test: Theon-screen interfaceshowedtwo blocks dimensions25 x 4 x 23mnfoam

rubber (simulated)shapes One wadixed to the floor of a bounded environmergyellow), and a second

block(red block)was located in front of the fixed block facing the participant 2 further red blaekse held

away from the first two shapes NI A OA LI yia O2dzZ R WOIffQ F2NJ 0KSANJI

drop.
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Figured5+t LINRPG23G&L)S of 2

All participants were requestl to complete eacivl/ MH prototype assembly tasks within 5 mitie Ydus-
GNE y2N¥Q FT2N 41SGOK LINRPG20G@LIS O2yailiNUzOG keithgrd L T
mode, they would be stoppedn MH mode, the system would close down.

6.2.1 Test apparatus
The machindaptic stimulus was presented to all twenty participants via the Geomagic Touch depieei-
fication for this device is shown in table 4). The Geomagic Touch device wasaWiindows PQ.7 GHz

base frequency, up to 3.3 GHzhwintel and displayed on 68.58 cm (27"jmonitor (anti-glare).

The manual haptic stimulus was in the form &f(galm sizedjjeometric foam shapedx 25 x 4 x 23mm
(palm sized) foam rubber shapes (1x arch 3x cubokdsd used in the manual trial wagligital stopwatch
and laptop to record manual data.(AD)Flipvideo camergd8GB) whichwas mountedon a tristandto rec-
ord all of the participants M and MH interactionss used to record all user interactions with both M and
MH conditions and appatas).
6.2.2 Procedure
For the pilot test and the main Shape Assembly Test all participants were seated in front of a haptic device
which was mounted on a desktop in front of the participdnttially the researcher described the two haptic
tests, and asked gharticipants to complete a brief priial test before commencing with the main haptic

assembly test.

For both the M and MH test Nesighted/sight impaired participants were requested to sit comfortably with

the haptic devicen front of them but so itvas at a comfortable reachable distance. Participants were asked

l.:.l
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to sitone seated positiod 2 (G KI & (GKS@& RARY QU KI @S (2 Y2®6&r adzRRS\y
sighted participants were informed that they would initially be guided to a fixedi they would then have

to pickup and stack the block in front of the fixed block. Preceding blocks would then be called upon by
pressing the space bar, and they would drop down to the front of the stacked blocks. The participant then
needed to use thdaptic device to assemble the two remaining (red) blocks to complete the test. Once the

final block was in place the interface would close and deliver a final time (duration) taken to completion.

For themanual haptic testparticipants were instructed #i the start layoutwas set, and that they should
place thefirst yellow block onto th€red)base block and theoollect the sparéwo geometric shapes from

the wooden boxo complete theBauhausstyled chair prototype.

6.3 Pilot test(Mark i)
Thepiott&t G ¢+ a RSaA3aIySR (2 FraasSaa 6KSGKSNI I KIFLIWGAO
within the early phase of development, whialas aligned with Scali et alvhose evaluations offered that a
haptic device would be effective when used witkiie early phase of design process, as it would support a
high level of handen process (Scali et al., 2013) to aid modeling manipulations. Evans et al., also endorsed
that designers are #buchyfeelyQlot (Mark Evans, 2005). The Geomagic Touch devéseselected to assist
users to assemble a 3D sketch prototype model, within an accepted industry time of 5 minutes. A mixed
method approach to the research process was adopted to further understand the efficacy of technology and
evaluative user feedbacKhe initial pilot test used questionnaires and Thilkud data, to collate qualita-
tive data from three design academics who were selected to inform on the pedagogic value of the haptic in-
terface, as well as their thoughts and feedback on the introduatiosuch a device to extend nesighted
students interactions within the suite of design modules offered by The Open University. The results from
the tests above revealed encouraging feedback from all the design academics, who commented on various
aspectf the design and implementation of haptics to the design prototype process. They were enthusiastic

about the force guidance to virtual objects and the depth that the devices six degrees of freedom allowed.
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They commented that the auditory feedback, vianwrgpeech and alert sounds, were well placed and did grab

their attention when used in conjunction with augmented touch. However, they felt that the pilot version of

the interface could be developed further before offering it to guide +saghted users. Thefelt that the

force could be increased, the incidents of jitter of the shapes when being assembled should be fixed and that

there should be additional neapeech sounds to guide all aspects of the assembly; they also suggested a

countdown voice cue tolart users of the starting point. The important part of the ptr$al discussion with

design academics was that they fully endorsed the importance of introducing-augtmented tools to as-

sist nonsighted and visually impaired design students. The gérmerssensus was that machine haptics

g2dzf R 2FFSNI I y20Stf odzi dzaS¥dzZ aSyaz2NB AYyiGSNI OGAQ

allowing more visually disabled students access to a new form of digital design process. To enforce the level

2F LRaAAGAGAGE F2NJ GKS AYOGNRRAZOGAZY 2F KILIXGAOA G2

Y2RSta oNAy3aa Iy SyYyidANBfe RAFTFSNBYyld RAYSyairzy G2

students the simulation of 3D desi§rR Y2 RSt a Ay | @ANIdzZ t 62NI RX ¢KAA

nond A IKGSR fSIFENYSNAR ¢K23 YIreée y2g¢gs Sy3ar3asS gAidK Y2RS
6.3.1 Pilot test limitations and additions

The limitations of the haptic interfacgere evaluated by acaderos revealinghat the mark 1 version of the

interface had some @lvelopment and technical issuéhe issuesesulted in all three participantsasks were

drawn out to longer durations of task than first expectegterage 7 minutes) b complete the pilotest.

The results also showed that tleellisionsrate was higher than expectdgdverage 5 collisions). Overall, the

results of the pilot test showed that although users felt immersed in the interface, the technical igagies

interruptingtheir concentrak 2y | YR G KSA NJ Wo S ffuKil3he shapkagsenibl aiskipgz 2 f Q& |

result of this feedback all of the salient limitations were listed and a mark 2 version of the interface was de-

veloped and this version was used as the main test interface

Although the participantgvaluatedthe Mark i, interface held great potential, they also suggested that fu-

ture studies should explore the potential of adding model manipulation functions to the interface. They
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stated that this would aid the design stuateto develop their sketch model further e.g. functions which

would allow students to change the surface texture, scale, and color of their prototype.

6.4 Shape Assembly Te@¥arkii)
T t NBOGNARLFE GSado

Prior to the Shape Assembly Test (MR dl participants were requested to complete a ptdal test prior
to the main assembly trial.he pretrail test was classified as training for all users and was designed to allow
dZaSNE (2 WFSStQ GKS F2NOS FSSRol O dhketaskavaskmwii KS K
astheWLIA O dzLJ I y RFigbBiparticpantsyigdd 61 8 R (2 Wudad abd putdelditvn, I 0 5

K

3dzA RSR o6& T2NDS FSSRol O] G2 GKS WEQ IyR WbQ YIFN]S

As discussed prior to the teatsample chair prototype was designed by the resear@Rigr42)the chair was

3D scanned and 3D printed to create a physical replica model of the chair. This 3D printed model was gener-
ated for the NS, VI participants to feel to understand the shapaethair that they were to assembliis

was of course in lieu of the individual being able to see the prototype of the chair. The 3D chair was pre-
sented to each participant prior to the both MP and VP assembly tasks. All participants were also shown how
to use two movements to connect the module shapes of the chaBaaen and physically. The users were
shown a push/pull technique, users were requested to simply pushing the blocks shapes together with a sin-

gle digit in M mode and in MH mode using thegte point of stylus, they were asked to push the blocks in
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the mid-lower point of the shapes and to push the blocks along the floor of the environment until they heard
them lock together. The following descriptors describe the test protocols, conditimhsissistive adapta-

tions added to the VP interface.

6.5 Qualitativeresults

Prior to the Shape Assembly Test NS, VI users, in theitripdstotes, highlighted that previously their inter-
actions with visually centric 3D objects presented via GUI, fdtidigrto their perceptions of the shapes and

their connections to each other. The feedback results showed that 80% of the NS, VI group showed an agree-
ment that they would not or could not have considered being able to accessreen objects/environments

for teaching and learning purposes within their registration period at the Open University. The increase in
multimodal/haptic engagement with the virtual space was agreed by 80% of all participants, that it has al-
lowed a clearer immersion to primary intextons with virtual objects oscreen and to fully interrogate

them in a more rigorous manner. The results showed that participants felt that they were surprised at how
easy the device was to hold and to interact with objectssoreen, but moreover NS, participants com-
YSYGSR 2y K2g WNBIfQ (GKS aAYdz woddRoar ocky usediinti®@| a F S
manual test. They went on to state that the realness added to their mental mapping of the materials of the
shape as well as the looké feel of the prototype model as they were assembling it. Finallysigited par-
ticipants were eager to use the haptic device again and volunteered to be involved in future works, and one
particular congenitally nosighted participant stated that theeh, prior to the test, that the experience of

using a haptic device would be highly intricate, complex and unintuitive for someone in their later years, yet

it was actually the opposite; it was simple and easy to control and he would endorse using ioaothier

students with similar conditions.

Using the concurrent triangulation mixed method approach Hmst level data translatiowas for qualitative
data.Using NVivo 21 it was revealed that tm®st commonly repeated word usdxy participants throup-

outthe MHtestg & WSI a8 Qad ¢KS Yz2aild O2Y ¥AoydteckhiyiR analgsis@B Y S ¥ |
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Wdzy RSNBEGFYRIOESQ YR WAYGSNBAGAYAQdanalyngpost&iall NEFA Y
qualitative feedback. Themed headers used wessbility, understanding, and fit for purpose. The theme of
usability was the most common theme to trigger uszdback In particular the NS group participants

wanted to record their appreciation at being able to gain accesg¢glanologyenhancedearning tool

which could aid their computer access via an innate sensory interaction.

1 Usability/Understanding

There was a consensus of agreement for 60% oNBé/Iparticipants that the haptic device was easier to
control than previougy expected. Theravas alsan agreanentthat they couldunderstandthe potentialof
the haptic tool/interfacewithin engineering and design for prototyping atiey understood the affordances

of hapticscould link to offering moraccess to graphical design software fand VIstudents
Participant NS, 201 7stated:

dt was satisfying accomplishing something which | r@¥iouslythought impossible/very difficult in

a relatively easy mannéré
He went on to say:

dMoving from a mental picture to actually creating a prototype was satisfiithout the interface |

OFyQi O2yOSA@GS K2g (K GFral O2dAZ R 6S I O02YLX A&KS

been a sighted assistant to do all the wark

1 Usability/Understanding

There was also a shared agreembatween NS,VI and 6§ how easy it was to use the haptic device and
interface interaction by both groufHowevergpne participant NS&hown AppendixB) (NS8, 201yindi-

cated an innate need to use both hands to interact with the 3D objétistated:



145| Page

dt was also somewhat confusing at the cognitive letret while holding the pen in the right hand

and clearly feeling a virtual wall, the left hand did not feel anytlging.

Although the walls of the bounded environment were cued to offer users feedback when touched occasion-
ally if the users did not place engh pressure on the walls then the feedback was slightly less effective than
others who gained more feedback due to the pressure applied to the virtual plane. This could explain why

b{y O2dzZ RyQi Ffglrea F¥SSt (GKS FSSRolI O] FTNRY (KS wvgo

FS grouptsowed that there was an agreement on how the haptics offered more sensitigdidelity of

touch feedback than initially expected, participant E3532017jcommented:

X 0KS RSGAOS sl a Slrae (2 K2fR YR AyGdAGAGBS G2 c
APP when conveed to resistance in the device. Being able to feel the weight of the object was also a

pleasant surprise.

It was encouraging to note that participants were able to feel the force feedback, translated as weight in the
prototype forms offered from FS5, bthe device stylus was according to manufacturer standards and noth-

ing to do with this particular test

6.6 Quantitative results Time(Duration)

The following analyses the tintermed here agluration, andollisions here termed as NCollisions for
both groypsduringtest performance Initially, both parameters were tested f&#formalityQwhich re-
sulted inaninsignificant difference betweetie parametersas a result of this thilannWhitney U test

was selected ovehe use of theAnalysis oVariancetest (ANOVA)
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Tablel6 MannWhitney U, mode time comparison of NS and S participants Shape Assembly Test

Ranks
Group N Mean Rank Sum of Ranks
Sighted 10 10.20 102.00
Duration  Mon-sighted 10 10.80 108.00
Total 20
Test Statistics?®
Duration
Mann-Whitney U 47.000
Wilcoxon W 102.000
Zz -227
Asymp. Sig. (2-tailed) 820
Exact Sig. [2*(1-talled Sig.])] .Be3e

Mann Whitney U testalculated ranks from 2 ( K Zié®ndaltd®|©14 Table 14epresentsduration

and calculated usingoftware SPSS v2Ihe sum of ranks show 102 sighttd 108 nonsighted these ranks
are very close, indicating that there was little statistical difference betwgr@ups for durationThe conclu-
sion for the initial statistical test was that we do not refj¢he null hypothesisiue to the 100 > 47. Thefore

we can stated that the betweemroupWRdzNJ A2y Q R2 y20 RAFTFSNI aAIYATFAO

Tablel7 Mann-Whitney U testresults

Test 1 Zresult 1 Pvalue
Both groupsMH, Duration 1 -2.27 1 0.82
Bath groups,MH 1 -1.43 1 0.52

, NCollision

NS Duration VBnd MP q -1.06 f 0.28
FS Duration V&ndMP M -1.37 1 0.17
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Figure47 Box Plot Duration of shape Assblytest for both groups

Tablel7 reveals thecollatedresultsfor duration and collision again using tMann-Whitney U teststo
analyze differencingbetweengroups and duration across both modes. From ithigasclear that thee was
no statistical differencinépr the duration metric tested ibetweengroupsandbetweenmodes again no

differencewas revealed fobetweenmodes andetweengroups, as sbwn bythe p values and Z values.

The box pt shownbelow, revealed thain the M mode condition, the betweergroup resultsagain showed
very little difference irdurationto complete the prototype task. Sample data fdH (shown on box plot as
virtual) betweengroupsanalysisshowed contextually a small difference of time, with the lorighgation

shown as an outliefNS).
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Figure48 Box plot showing the number of collisions for both groups, in both M and M
modes.

6.7 Quantitative results collisions

Thenumbers of collisions were examinea collisionwas defined as a single block collidimigh anotherbut
not connecting to bond the blocks togethelyring the process adssembling the prototype. For thd/MH
modes, recordings of each participa@ttasks were createdpded andanalyzed by two raters;the second
NI G SNDa &l Y LIKted ataokodf Be cading sarbplefto®@lgerve collisions. Cohens Kapads
performed to achieve a moderate agreement reg0l60),showing that between twanter-raters, there was
a moderate agreement of the collisions made. Similarlguaation, the numbers of collisions wereanalyed

using anon-parametric testingMann-Whitney U tes}.
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6.8 Discussion, Shape Assembly test

This chapter has reported on the Shape Assembly test which was shown in manual and machine haptic con-
ditions. The assembly test waelected as it exploited the kinesthetic nature of tolmth interactions used

in model making. The test also acknowledged the telechnature of the norsighted participants and in re-
sponse to this facilitated them with a touded approach which reptaed the sighied approach to prototype
assembly which had previously been only presented through visually led computer aided(@zsjfor-

mat by The Open University.

1 5A & 0dz&SdkNlIYaA 2 Y
As shown in the results the NS, VI group took longer to compiet assembly task than the S grotfow-
ever,both the NSVI and S groups were able to achieve a task completion time which was well within the
industry accepted standard time, and with only a staetiod of training(10 mins)prior to the testing ses-
sion. This means that the haptic had afforded sufficient assistanaehieving a timavhich was better than
the accepted industry assembly timEhis variatiorin time between manual and machine haptisghought
to be due to the learning curvaf using he machinehaptic devicdor a minimal periodand future work can

consider additional exposure sessions, while observing the variation of haptic conditions.

T 5Aa0dgda 2X2yarzy
Prior to the experiment both participant groups were trained in the exashpechnique required, meaning
that participants were asked to push blocks together with one digit during the MP or the end of the stylus
RdzZNAyYy 3 GKS =+t adaSaaizyo ¢KS LlzaK OGAz2y gl a asStSoi
type blocks de to the simplicity and brevity of the push action. All participants appeared to easily under-

adlyR UKS WLHzaK GSOKYyAljdzSQ |yR adz00Saa¥dzZ f & dzaSR

Q)¢

The collision data showed that statistically there was very little diffeedmetween both groups and between

manual and machine haptic conditionisis hypothesized that, in part, this is dueusing & LJdza K Q | OG A 2
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shown in Figd9. The push action wagesignedo minimize block collisiongnd speed up block alignment.
By designing an alignment of additional blocks to the foundation block participants could thensiisgle
pushactionto connect the shaped his action lessendtie riskthat the new blockmay collidewith other
blocks,in error, whilst being placedAdded o this, nonsighted and visually impairagserswould find it diffi-
cult to know where to locate the foundation block in order to assemble the blocks, but by designing the
blocks so they dropped down in line with the foundation block,-simhted users metg needed to push the

blocks together in one swift movement.

Figure49left Manual prototype apparatus showing push action right Machine haptic screen showing push action assimilated

This study was the first of its type at tlgpen University, but now it is expected that more fikended hap-
tic trials will be reviewed by the Open University. The study has shown qualitatively thdt pesticipants
specifically found the trials easy to operate, that they were inspired andeaver, interested in the use of

haptics to augment touch and to enhance the interactions of the design process.



151| Page

6.9 Summary

This chater@ sections have reported anaction based case study usimganual andnachinemodalities. In
the first instance daptic pilot testworking with three design academics was discussed followed by a report
on the case studgf The Shape Assembilyst, working with twenty norsighted, visually impaired and

sighted participants using manual anchchinemodalities

Theaimof The Shape Assemlilyst was todiscoverwhether aMH deviceand haptic rendere@bjectscould
afford all participantsaccess to interact with objects estreen usingaugmentedtouch, audio and sighin-
stead ofpurelysight. Tactile interaction of any fon is highly intrinsic to designéenowledge and under-

standing2 ¥ { K S foivhzaRi®¥e@lBdevelopment

After resolvingpilot test issuesthe mainusertest went onto establish if machine haptic technology was ca-
pable ofoffering designstudents mae access to the prototype processt within the early stages of the de-
sign processAfteranalyzinguser feedback and the metrics used to measure the affordances of the haptic
interface, the results werpresented andanalyzedto conclude that machine tmicscan beusedby users

with varying sight impairment® construct a virtuaprototype in the third dimension and this was achieved
to asetindustrystandardtime (5 minutes). It was also shown thaders agreed positivelyith the posttrial
guestinsthat hapticscan offer assistance to assemble prototypasdenables norsighted individual$o
bypass the issued visually centric graphical user interfacedjich arecurrently used within most of the

systems at The Open Universiand indeed mosbf the mainstream marketomputerdesignsoftware.

The next chapter presents the final chapter of this theé@snclusions ChapteQaVithin this chapterall of
the significance of the findings from this resefa programme will be presented againsethesearch ques-

tions and supporting hypotheses for this thesis overall
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7 Thesis onclusions

Thisfinal chapter will summarise thevork described irthe thesis It discusses the limitations of the work and
how they have been, in some part, overcontanall, future studies of inclusiveligd design tools are de-

scribed.

The summary of the research carried out in this research programme is described in terms of three research

guestions and accompanying hypotheses.

7.1 Research questions

This sectiomepresentsthe research questions-3, and the relevant hypotheses for the thesis oveFedl-
lowing is the discussion on how this study responded to the research queatidnsypothesis (Hypo1l,2,3)

and highlights if the hypo1l,2,3, is proven or not proven.

1 Researh question 1 Can a novel haptic design application, be usealssist norsighteddrt-mak-
S Ntk ifteract with vitual reality environmentsvhen aided by multimodal assistance?
1 Hypo 1-The inclusion of a culmination &) an embedded rig and b) multtodal virtual hap-
tic force (with additional virtual assistive audio elements) will enable-sighted users to

achieve the standar@L8.5secondsjVade® pegin-hole time of healthy participantgProven)

1 Research questionZCan a multimodal interface allobetter touch access for applied teaching and
learning for nonsighted, visuallympaired and fully sighted design novices?

1 Hypo 2-Haptics is able to enable a set assembly task within an acceptable time and with lim-

ited difficulty to the users(Proven)
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1 Research question 3s ahapticbasedsystem usable and perceived to be so, by the tmain user
groups: norsighted,visually impairednd fully sighted design novices?
0 Hypo 3-Hatic technology, used as part of a multimodal interface, can aid a creative
Wensoryf SRQ LIN2OS&aa |yR 02yl N o6 dzisfyhtdd INS)Y 2 NB
Art-Makers (AMs) and novice Designers/ students registered on a distance learning

program.(Proven)

7.2 Feasibility and haptic utility for norsightedart-makers

Inthe first half ofChapter 4, a detailed investigatiah aninclusiveDeep Divestudywasconducted A the-
matic analysis adirt-makersfeedback from thestudyoffered that users felt the activities wetkdin, interest-
ing,and newQandallowed the participants toeflectin new waysabout thar own creativetouch interac-
tions. Followingthe Deep Divestudy, an adaptedhaptic version of theegin-hole test(fine motor test)was
undertakento further understandwhether haptics coul@fford art-makersto utilize their fine motor skillsn

manualandmachine hapticonditions

A betweengroup, analysiof the pegin-hole testshowed there was enoderatedifference betweerthe two
groupsfor duration and collisiometrics Furtherexaminations of dataevealed thatart-makersresultsfor
time and collisiorwere comparatively statisticallijower than the sightedccontrol groupfor Rig And2. This
showedthat through using hapticparticipantswere enabled to completéhe peg test inower time with
fewer collisiongthan the sightedgroup. There wasegligibledifference for diration and collisions, between

groups for Rig 3, where force félgack and sounds were decreased.

ThePegin-holetest wasconductedat the beginning of thenonth and the end of the monthto undestand
whetherthere was any learning taking place. The results showed that there was little difference in the results
taken at thebeginningand end of the month, meaning that mmticeablelearning had taken place amongst

the participants for this testThis could have possibly been due to the length of the period between testing

wasbeingtoo long, especially when it is understood that 90% of AMs held some form of learning need.
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Overall in response to research question 1, the haptic interface used didl aibn-sighted users better re-
sults than sighted peers which means it is possible to agrtethe hypothesesand reject the null hypothe-

sis proposed for this test.

7.2.1 Industrylinkeduse of haptics

Chapter6 reports on tie secongphaseand finalhapticempirical testingstudy, carried outin collaboration

with TheOpenUniversity(OU) The OU isne of the largestlistancelearning institutes in the UKnd utilizes

an Open access polidyesignstudentsfrom the Engineering and Design School wageciftallyselectedas
distance learning design studemtgre often shown to be limited by the challenge of facilitating an equiva-
lent online version of a studio hands processThe Shape Assemblgst aimedo increaseaccess to touch
within the virtual ream and to mimicstandard industry prototype assembly protocols for a range of individu-
als with differing sight acuitieghemachinehapticsupportwas designed to augmetuch design activities,
which are prominent in appliettachingdisciplinesThepeg-in-hole trials shownin Chapter 4phasesindi-
catedthat a multmodal haptic interface worked wetbr non-sighteduser grougs. Therefore touch andau-

dio feedback weréntrinsicallydesigned ito the PrototypeTestinterface

Through the use of a quadiive thematicanalysiseverathemessurrounding the usedeedback were con-
structed These were- UnderstandingUsability andFit for Purposdt was encouraging that 90% of the NS
group were highly vocal about how the use of haptics had affordethtunique access to the virtual
realm. NS VI feedback suggested thatachinehaptics had afforded them a better derstanding othe

depth perceptionand helped withthe identification of 3D solid structures

Thequantitativeresults showed little difrencefor duration andcollisiondatain the betweengroupsanaly-
sis as shown througklannWhitney Utests Thereforethe use of haptics to assemble a prototysep-
ported all design studenparticipants the tooling to achieve the design industry staddéme of > 5 mins to

assemble a prototype
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In response to RQ&jd a multimodal interfacdevelthe access for N¥I students tdelp themengage more
fully with virtualprototype assembly, the answer is y&¥ithout haptics NSVI Design studentsould not

previouslyhave been able tembark upon this type diandson accesat the Open University

From both haptic testing phasethe majority ofnon-sighted, visually impairedndfully sightedusers of-
fered encouraging ahpositive evaluationsThe uses offered that thehaptics rigsvere, Wasy to us@and

easyto understand and some statedhe experiences | a W¥T dzy Q@

From thetestingconducted with The Open University students, it was clear @astudents were more ed-
ucated in design practicendmore experiencedn designingrom the germinal stagegsingmanual and
computeraideddesignprocessesTheOpen Universitgtudents were alseager to use interactiviPuture
Techndogie)? ¢ K A Oikcreas? tefion skills base. The NS students frtime OUwere moreknowl-
edgeableabout what was expected of them withinfarmal testing environment andhey understoochow
to usea ThinkAloud technigue To that extentit was encouraging that although the students had all ritle
evantbackground knowldgeof designand design testinthey still evaluated the haptic interface ater-
estingand stated that the process wéngagin@Themajority of OUNS VIstudentsstated that they were
encouragedhat there wasaccessible and inclusivestingfor TELin place with the aimof increasingNStac-
tile interactions with digital design pross. They acknowledged thaithout such testing they would be una-
ble to share the same digital facilitiassighteddesignpeers.

7.2.2 Limitations
The approach taken working with usesto integrate usemeeds into two haptic interfacesverallhas been
shown to be effectiveBut it is important to note the limitations of the empirical studies in this théRis
following highlight the limitations, and these are conteztto the three research questions which are shown

below.



156| Page

RQ 1.Can a novel haptic design application, be used to assisBnanaI K 1-$ R |1 INAR (2 Ay

with virtual reality environments when aided by multimodal assistance?

Machine haptics were invégated for use with sound to assist naighted artmakers to complete a known
pegin-holemotor skillstask¢ 2 G KS NB&ASF NOKSNRa (y26f SRIGIEwithKA a
non-sighted participants using a haptic devicllowevertheuS NR& Ay GiSNI Ot A2ya KSR
need to be considered for future work.has beemreviously discussetthat the nonsighted community are

not a heterogeneougroup, and thereforethe haptic force feedback, screen scalelor, contrast was nb
OKFy3aSRE Ay UGKA& Ayadl yOS:3Thisgouldtdrke imitédkhs guiadngezidas- LI N.
sistance for each individual and metrm@l K 2 dzf R 6 S O2yaARSNBR 6KSNB (GKS 7T
needs and changed at wiBecondlythis study was tested over a month, analyze whether any learning or
understanding had taken place, the results showed a small amount of understanding through qualitative
feedback but statistically there was little difference. The time between tests dmukhortened to under-

stand if any learning had taken placeeo shorter increments of timand what type of learning had taken

place.

RQ 2 Can a multimodal interface allow better touch access for applied teaching and learning for

non-sighted, visually impired and fully sighted design novices?

The Shape Assembly test in Chapter 6 investigated where to use haptics to enhance learning specifically
within the early phase of design. Scglal.,(Scali.S., 20)3howed that it was feasible to use haptics in the
early phase of the design process, as typically this is where designers need to be moremarittsmateri-

als and process. This thesis chose to work aimple block prototype design, to allow all participants to
simply place the blocks together withiine accepted 5 minute assembly period. However, this testing phase
only offered one form of multimodal condition, e.g. moderate force guidance and a small selection of
sounds. In the previous pédg-hole test, artmakers were able to access a range oftimddal conditions,

therefore it was easier to select the condition which was more effective in assistingigloted participants



157| Page

to complete the test with better times and collisioate than the fully sighted control group. The Shape As-
sembly testim§ R LJ NG AOA L} yiQa OK2AOS 2F | NIy3aS 2F KI L.

more effective qualitative and quantitative results.

Secondly, the single point haptic device used in all empiricthtem this study limited usefinteraction
and contact with the prototype model to one single point. Human haptics offers five points of contact and
the palm, in order to feedback cutaneous and kinesthetic feeditackilow more understanding of the ob-

ject via a wider tactile feedback.

RQ 3, ihaptic-basedsystem usable and perceived to be so, by the two main user groups:non

sighted, visually impaired and fully sighted design novices?

All empirical testing within this thesis programme was conducted using a single point haptic device, which
canonly make contact with a virtual object via one point of contact. The human hand can make contact with
objects through five digits and a palm, using cutaneous and kinesthetic modes of interaction to understand
the object in greater detail. The advantagdglte particular single point device selected for this study are
undersbod across the haptic communitia offer precise locations in space, six degrees of freedom of force
guidance, controlled tracing and contouring of a solid virtual shape etc... Howewgo back to Mac-
Lear®@MacLean.K.E, 20DBotion of passngthe haptic Turing tegt attaining the ideal state at which the

user is unable to distinguish the feel ofiteveisus rendered objectsthe Geomagic Touehdevice cannot

yet pass the Turing testiowever, it was deemed that this particular deviceuld offerthe most benefits to
non-sighted and visually impairgehrticipants due to the levels of degrees of fdeen, simplicity of use and
force guidanceln future workit would beinterestingto examine a mix of haptitevicesfor use by non

sighted individualspr to use two Geomagic Tourbhdevices, one stylus in each hatidis pertinent to note,

that within the ThinkAloud feedbackfor both empirical tests, several nesighted participants commented

that they would have liked to use both hands to interact more fully with the virtual objects.
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It is possible due tthe small numbers of participants in eaohthe main casestudies thatthe achievements
or limitations of thecase studyould be down tdhe A Yy R A @dciRedyamentsar limitations. However, as
the researcheworks asan inclusive designewhose primary focus isn increasing Y RA @A R daf in-Q &
teractions andparity ofaccessand as the tests above reveal this was achietleeh the issue of smaller
numbers could be concedeHowever the issue ofvorking withlarger groupnumbers for further testing
should be anainconsiderationfor future work with theOpen University, who woubldish towork with

larger numbersda fully assess quality antthe limitations of hapticsprior to embedding this form of TEL into

any of their modules of learning

7.3 Ruture work

In this studyhaptic research wadoneto afford greateraccess and understanding NS VIPCusers. Test
designs were stretured around user needhilstusing MH to increastheir fine motor skills and to augment
touchin a prototype assembliyaptic renderedspace The haptic device seled for the testing phases was
thedeski 2 LJ 1 Ay S& i KS i A Q\thDug2 thid-wash@wn to afttrCessistiveforce feedbackit did
appear to cause restrictions tesersasthe devicewas deskiound, and sat within aomputer labon

campus

Thecurrent planning fofuture haptic researchvill explore how a mobile haptic application could aff@rée-
sign distance studentsccess to haptic interactions on a daily bable specific area of design practice being
considered to translate to haps isdrafting and drawing Due to theperipatetic nature ofmanythe OU stu-
dents much of thevirtual learning activitys interacted with whilst the student is commuting to work, or
eventravelingthe globe.Designmodules due to their complex visuahd interactive natureare difficult to

be entirelyviewed from mobile displaysather than desktop displaysAdded to thisoften being mobile can

present issues with concentration and add more pressar@cusvisually Future research airato examine

lj dz
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how to combat theUhattentional$xreated frombeing mobile The future work will alsexplore how
gesturebasedhaptics could aidthe immediacy of creative expressitmoughdrawing and draftingyn the
move To do this the study will firgty to understandwhich form ofgesturehaptics (cutaneousor kines-
thetic) would bemostusefuland naturalo students to aidsketctingand drawngwhilst mobile Along with
a colldorative group of OU academics aledrningtechnologistsfuture work will draw otithe potential
0SYSTAila-o2 % SRMIoxdhadaN3ard draftingas well asinderstanding hovihe addition of
multimodalhapticwidgets/ buttons could alsoenhance user interactioaxperiencewith applied learning

tasks

22 published byIT in 1998a psychological lack of attention that is not associated with any vision defects or deficits.
Wikipedia 2017.
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Al1-Al11l Collections of raw data

AlResults from DD Talking stick themes

A2, Results fronPICTVESest

wSallzyabactRRY MEmewt 2 dz

within studio.

Questions:

How do you use touch in the studio?
How do you interact with objects?
What do you like and dislike about using touch to in-
teract with artwork?

1 Do you have your own objecssd tools?

= —a —a

T L R2yQi tA1S GKS 23GKS
32YSQYII0Q waroOs BHFOES
[sic].

 XeSFKXZ YA (22 wairdesz

picks things up and passes [sic] them to me, al
RNAPSE YAQ Yl Rike toseaktsih
my own time for my own things for Q a[§id] F
GKSy L 384G G2 aSsSI NDK

1 LTFXI SNXI AT &2dz ¢l yi
tell ya[sic] what all the objects in this room are
speedy time.

f Iwanttosay, i =X L ¢l yid G2
like just keeping my own personal objects and
tools over here in my toolbox. | can then just
helpY A Qan8 Ecan lock it too.

1 lam less likely to trial touch in the studio, as
there are sharp things, dangerous, ya ddaow
LG K2YS 6KSNBE GKSe& | f
stops me from touching them on my own.

A tangent discussion on Assistive Technology(AT) and adap-

tions

Participants discussing the best and worst AT

available to them and things they often use.

Response frorRictivesThink-Aloudtechnique.

Narrative offered to AMs prior to the PICTIVE acti

This activity is desigheto help you all decide how

we should layout the digital touch task, to assist y
using the touch technology. What we would like y¢
all to do idayoutthe test with the objects we have
gathered. | would also very much like you all to tal
about what ya are doing as you do it so we can rg

ord the discussion.

*Text gathered through thirfaloud technique dur-

ing activity

9 1 am going to put this box here, right in front of

YSz a2 L Oly (2dzOK A
T {2 X SNX¥ NAIKOG Xy handto 3
384 | 622RSy &Kl LIS y?2
1 9NX¥:=I KI 21XL R2Yy Qi 1YV

am going to move this here, as | dgft-handed
Could you make the haptics for me ake#i-
handedperson? | never get anything that feels
good to hold for me[sic].

I 1'am moving my right hand to the box to test the
RAaGryOS (2 GKS 062EX®
box and | can feel the blocks near the box.

1 I can feel that (x) has placed that block there b
| want to move it up a bit, can | do that?

1 Can | ask (hameddividual) where to put things?
X2KX 21 ¢Sttt L FY KIL
places where everyone else likesto be.
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1 Ilikemy wardrobe gadget, | can pass it through
my wardrobe and it selectcti ¢ tags, its great.
'YR L R2yQi KI @S G2

1 I think the magnifying kit makes me look old
0f I dzZAKAY 3O E

1 .SIKXZ AGQa 6KIFG wairos
laughing)
A3: AssistingTactile Tool Use

(SEMISTRUCTURBITERVIEW
QUESTIONS

THE FOLLOWING QUESIBGVERE USED TO GAHE RESPONSES WHICH
WOULD HELP TO GUUSER TACTILE REFERENFOR THE HAPNTERFACE

1 How DO YOU USE THBIS IN THE STUDITMNOUR OWN ASSISTIV
TECHNOLOGY

WOULD YOU ALSO OFRBERV YOU WORK WITHUKH ADAPTED
TECHNIQUES

T  ANSWERS
1 The staff here are really good at helping us all
[sic] use tools in the workshop. | like using the
special bottles with shapes on for paint.

1 L dzAaS I &aLISOALt adtz2yS$s
[sic] where the bottom corner is, but (x names
another person) uses a plastic corner protector

0dzi GKS& R2yQli KI @S |
ere,. [sic].
1 L R2y Qi KI@S | &aeadasy

table and then push my hand forward in a line
tA1S GKAAX dzyGAt L NB
pushing hand along the table)

A4 Art making processes

QUESTIONS

THE FOLLOWING QUESIV@AS USED TO GABSRONSE

WHICH WOULD HELPGQWIDE THE TYPES DRRYTIONBSED

How DO YOU USE TOUGHDARFMAKINGPROCESSES
WHO HELPS Y®U

Do YOU NEED ANY HELP

How DO YOU USE TOBOR YOUR OWN SPEBRIWORK

= —a —a —a

 ANSWERS
I For me, | get help from my Assistant. Mandy

helps me get to my seat, and gives me my thin
| have my @n box of felt and collection afolors

that | always like to use.

f 2SSttt L 3AS4G GKS 0SSt Ra
6LIAOl & dzZLJ FYR &K2ga 2
edges or feel the way it feels between my finge
and if | like the bead | use it. SiImMN&S I £ £ &

1 I'will only use this (shows a paint palette scrap
per, its chunky and | like it in this hand (shows
the tool in the hand, gripping the tool handle by

the neck of the tool).

| sit over here to make paper models, and | al-
ways use a round tin boxlike round shapes re-

ally.
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A5, Learning #ective touch

OBSERVATIONS AND QUESS;,

HOwW HAVE YOLEAREDHOW TO TOUGH
DO YOU TOUCH AT HOMEHE SAME WAY ABJYUSE TOUCH IN T|

A7, Raw data scores for agreement to pre NHP

guestionnaires

STUDI@

1 llearredK2 ¢ G2 G2dzOKX f A

L2asSxaz2sz L KI@S yS@SN
St a Sherd o xP&in how | touch, as | am al

ways touching stuff maybe sometimes stuff |
AK2dzZ Ry Qid (2dz0KX6f | dza

9 Itouch at home differently to how I touch here
(pointing around him in the studio). Does that
help?...I use sticky Braille tape at home and |

leadS GKAy3Ia az2 L 1y29
oh yeah | use a braille tape for my clothes too {
L R2y Qi t221 aiGdzZlAR ¢

the differentcolorsand that.

1 Ilike feeling coloured pairg Do you like the feel
of my purple? (sic)

A6,NHPT feedback
f XGkKS tFrad 2yS NBIFffe

1 2 3 4 5 6 TOTAL SCO
QL |5 7 8 8 9 7 44/60M=7
Q2 |7 7 8 7 7 8 44/60
M=7
Q3 |8 8 7 8 8 8 47/60
M=8
Q4 |7 8 8 7 8 7 45/60
M=7.5
Q5 |8 7 8 8 8 8 47/60
M=8
Q6 |4 5 5 5 4 3 26/60
M=4.5
Q7 |7 8 8 9 8 7 47/60
M=8

| found | was waiting for guidance, but it never camg

1 Iliked this second test the best [sic]..

1 XgKeée OlyQd L 2dzad ¢2N

i I missed the force from rig 2.. as in rig 3 | just
RARY®SSt AdGX Al ol & 2
g2dz2A Ry Qi &0 NI X A& (K

f L ftA1SR (KS LildzaKAy3a ¥
Fff 2F | adzRRSy L 32
6 &8X0aAoe o

1 [ felt that the number 2 rig, was much better
than my last tesset [sic].

1 Was | fast? | felt like it wasfast result that

PARTICIPANI-3=NS PARTICIPAN®S6 =FS

The participants were given a series of seven que
tions posttest to agree or disagree on a scale of 1
10. (10 being definitely agree and 1 being poor
agreement)

The questions were:

Would you agree the haptic test agsid you?
Did you enjoy the experience?

Would you use the device again?

Would you recommend others to use the devic
How well did rig 1 and 2 assist you?

How well did rig 3 assist you?

Would you likgo use the device in the future

Noop,rwpdpE




170| Page

A8: Touch coding observed touch within each task

TOUCH CODING SYSTEM

Touch Context

INSTANCES OF DIFFERENJCHIOLOUR COBHREQ GREENBLUE

T 5XAMS-EACH TOUCH ACTIVITASARECRDED AND EXAMINECTM/BY WO INTEFRATERS ACRGEEBIINSPERIOD REDACTIVE=EXPLORING

OBJECTSREENPASSIVEKNOCKING INTO AN BBJBLUEREPEATED TOUCH USED TO DOUBHECK TACTILE DESAIL

Art Making process PICKING UP AND MOBINOOLSACTIVE
ACCIDENTAL TAPPHNRBSSIVE

CONTOURINEREPEATED

PICTIVProcess PICKING UP AND MOVIRBJIECTSACTIVE
TRAILING DIGIASROSS TABLIBASSIVE

TRACING OBJEEREPEATED

Tool Use ENCIRCLING TOOACTIVE
TAPPINGHANDL.EONTOOE PASSIVE

(HECKING TOOREPEATED
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A9 Consent formsample)

R0O9/LJIB/LIB746

Dear Colleague,

Consent form

Project Title: Deep Dive NHPT Test

Researcher: Lisa Bowers

Supervisor: Dr. Farshid Amirabdohallian (University Hertfordshire)

The bllowing is a consent form which consents to a controlled intervention with haptic testing equipment to

complete a simple peg test. The consent will cover the following points:

I have received information about this research project.

I understand the purpse of the research project and my involvement in it.
| understand that | may withdraw from the research project at any stage.

| understand that my personal result will remain confidential and | wouldn't be indented if the information

may be published.
| have been informed that might be taken pictures and videos during the study, which may be published.
| agree with the term above and indicate my agreement by signing here:

Name of participant:

Date:

Signature:

Yours sincerely

7
4
i
] o
[ Dy 00
1’-‘;‘1' =

\ v

Lisa Bowergélead research
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Al10, Deep Diveaims andinstructions

1 TalkingSick:

Instructions for the talking stick procesd he talking stick is a communication device to allow all members of
the user group to speak out about their thoughts and reactions on the questions and topics offered by the
researcher. In order to speak the group member must first hold the stick in a chosen hand, then speak to the
group. Each group member holding the stitiould not speak for longer than 10 mins, if the rest of the

group wish to respond to any of the content from the stick holder they should raise their hand. The stick will
then pass to them, when all queries or additional information has been added keestick will immediately

pass to the next membe(IDEO adapted rulingeveryone should have a voice)

Assisting tactile tool use:
Aims

To gather evidence of the NS AM practice tool use within the adapted studio.

To further understand any anomalies of tase compared to nodisabled studio

To gain further insight to AMs understanding of hand tools as a complex learning needs.

To further understand the AM individual as a person adapting their tool use to aid their work as a NS
person.

Instructions:

= =4 =4 =

Researcher to sitext tothe participant for three sittings of 15mins across the 4 hr session. The initial 15 min
session the researcher should observe tool use without prompts. The next two 15 mins sessions researcher
should use the questions as prompt$he usual ethical procedures apply, the participant can leave the ses-
aA2y 4G lyed GAYS® ¢KS LI NIAOALIYGQaAa FaaArasas.yid | yR

Art making procesgshared aims with assiste/tactile tool use)

Researher to sit next to the participant for thregessionof 15 minsacross the 4 hr session. Thaitial 15
min session the researcher should observe any unusual methods to work with artmaking process e.g. specific
adaptions to pririmaking process. In theext 15 mins slot the questions should guide the researcher and

prompt the participants to inform on their processes.
Learning Effective touch orientation

Initial conversations use questions and then consistently take field notes on the AMs touch anghésuch

ceptions.Crossreferenceand confirm field notes with experts (assistants and Henshaws staff)
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PICTIVES (working towards NHPT)
As part of the preparation for peig-hole test AMs handling and uskxd layout of pegn-hole test setup

needs user inputd guide the best layout to suit orientation and needs séu Offer PICTIVE equipmeat
participants (no=5). The AMs and staff should be guided in how to structure the layout of the haptic interface
and the original setip of Wades pegn-hole test, butother than this the placing of home cues and peg lay-

out should be left to users. The positioning of the layout should be naitebnot interruptedfor each AM

and a consensus of positioning will beted and used(*scoping for manual handling should beted and

confirmed from recording)
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A12 Raw data for wades test (nhpt)

Ns=1-3, Fs-4-6
1. DURAION
IParticipant IRig}s IBM-EM IITestiter 1 IITestiter 2 ITestiter3 ITestiter4 IITotaI I
1 1 2 13 40 17 13 21
1 2 1 5.4 11 11 11 10
1 2 2 8.8 8.8 9.8 7.3 9
1 3 1 20 41 17 50 32
1 3 2 27 8.8 23 23 20
1 1 1 15 18 15 15 16
2 1 1 9.6 7.5 6.1 40 16
2 1 2 9.6 6.4 5.3 7.5 7
2 2 1 6 8.7 8.2 8.7 8
2 2 2 5.2 6.4 8.2 7 7
2 3 1 24 24 25 15 22
2 3 2 15 11 10 9.5 11
3 1 1 7.5 15 7.6 16 12
3 1 2 16 0 20 14 13
3 2 1 9.4 7.2 9.2 5.9 8
3 2 2 19 12 9.7 12 13
3 3 1 25 21 18 12 19
3 3 2 26 37 21 23 27
4 1 1 28 14 22 18 21
1 1 2 13 19 29 16 19
4 2 1 17 20 12 15 16
1 2 2 13 15 29 29 22
4 3 1 29 17 27 15 22
1 3 2 39 56 27 58 45
5 1 1 29 12 19 16 19
5 1 2 18 29 27 41 29
5 2 1 16 14 8.2 8.2 12
5 2 2 17 20 12 15 16
5 3 1 20 16 14 17
5 3 2 39 27 58 56 45
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12| 10 |

6.4

Cont..

IParticipant IRig}3 IBM—EM IITestiter 1 IITestiter 2 ITestiterS ITestiter4 IITotaI I

o|o|~|o|n
o — | —
0| |~|0c|
~| o |
Oi~N NS
o|lo|lo| |
N | N | <
|| 5| ==
©|o|N| |0
N |||
AN ™
©olo|o|o|o

2.COLLISIOMNHPY

11

10

11

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

event
string

BM-EM2

1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH1
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2

Partpant2 | Rigt32
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10
19

10

21

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Ilterl

event

CH2

1| CH2
2| CH2

BM-EM2 | string

1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2

2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH2
2| CH2
1| CH3
2| CH3
1| CHS
2| CH3
1| CHS
2| CH3
1| CHS
2| CH3
1| CH3
2| CH3
1| CH3
2| CH3
1| CH3
2| CH3
1| CH3
2| CH3
1| CHS

Rigt32

Partpant2
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15
10
19

21

11

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

event
string

2| CH3
1| CH3
2| CH3

BM-EM2

1| CH3
2| CH3
1| CH3
2| CH3
1| CHS
2| CH3
1| CHS
2| CH3
1| CHS
2| CH3
1| CH3
2| CH3
1| CH3
2| CH3
1| CH3
2| CH3
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4
1| CH4
2| CH4

Partpant2 | Rigt32
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10

14

10
12
12

10

10
12

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

event
string

2| CH5
1| CHS5
2| CH5
1| CHS5
2| CH5

BM-EM2

1| CHS5
2| CH5
1| CHS5
2| CH5
1| CH6
2| CHG6
1| CH6
2| CHG6
1| CH6
2| CH6
1| CH6
2| CH6
1| CH6
2| CH6
1| CH6
2| CHG6
1| CH6
2| CHb6
1| CH6
2| CHb6
1| CH6
2| CH6
1| CH6
2| CH6
1| CH6
2| CH6
1| CH6
2| CHb6
1| CH6
2| CHb6
1| CH6
2| CHb6
1| CH6
2| CH6
1| CH6
2| CH6

Partpant2 | Rigt32
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12

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

event
string

1| CH6
2| CH6
1| CH6
2| CH6
1| CH7
2| CH7

BM-EM2

1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CH7
2| CH7
1| CHS8

Partpant2 | Rigt32
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10
14

12

14

10
11

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

CH

event
string

CH

2| CH8

2| CH8
1| CH8
2| CH8
1| CH8
2| CH8

BM-EM2

1| CH8
2| CH8

2| CHS8
1| CHS8
2| CHS8
1| CHS8
2| CH8
1| CHS8
2| CH8
1| CHS8
2| CH8
1| CHS8
2| CHS8
1| CH8
2| CHS8
1| CH8
2| CHS8
1| CHS8
2| CH8
1| CHS8
2| CH8
1| CHS8
2| CH8
1| CH8
2| CHS8
1| CH8
2| CHS8
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9

Partpant2 | Rigt32
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12

10

10
11

12

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

event
string

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9

BM-EM2

1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9
1| CH9
2| CH9

Partpant2 | Rigt32
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Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

event
string

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH1

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

BM-EM2

Partpant2 | Rigt32
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Iter 4 | total iteration 1-4

Iter 3

Iter 2

Ilterl

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

event
string

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH2

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

BM-EM2

Partpant2 | Rigt32
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10

Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

IH3

event
string

IH3

IH3

IH3

IH3

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

IH4

BM-EM2

Partpant2 | Rigt32
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Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

IH5

IH5

IH5

IH5

IH5

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

event
string

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

IH6

BM-EM2

Partpant2 | Rigt32
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Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

event
string

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH7

IH8

IH8

IH8

IH8

IH8

IH8

BM-EM2

Partpant2 | Rig1-32
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Iter 4 | total iteration 1-4

Iter 3

Iter 2

Iterl

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

IH9

event
string

IH9

IH9

IH9

IH9

IH9

IH9

IH9

BM-EM2

Partpant2 | Rigt32
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B1l.Consent form

RO9/LJB/LIB746

Project Title: The Shapessembly Test

Researcher: Lisa Bowers

Supervisor: Dr. Farshid Amirabdohallian (Ursitg Hertfordshire)
Dear Colleague,

The following is a consent form which consents to a controlled intervention with haptic testing equipment to
complete a simple peg test. The consent will cover the following points:

| have received information about thresearch project.
| understand the purpose of the research project and my involvement in it.
I understand that | may withdraw from the research project at any stage.

I understand that my personal result will remain confidential and | wouldn't be indehtbd information
may be published.

I have been informed that might be taken pictures and videos during the study, which may be published.
| agree with the term above and indicate my agreement by signing here:

Name of participant:

Date:

Signature:

Yours sincerely

Lisa Bower§lead researchhaptics Esteem project)
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B2 Raw SPS®ata - Chapter6

3.13
0.35
1.23

0.4
0.5

0.35

0.3

0.5

1.3
0.4
0.36

0.5

0.36
0.35
0.35

1.5

1.55
4.35

0.45
0.25
0.35

0.3

0.26
0.45

0.4
1.09

0.5

2.39
0.35
1.35
0.45
1.23

1.4
1.15
0.35
0.35
0.45

1.3

10
10
11
11
12
12

13
13

14
14
15
15

16
16
17
17
18
18
19

19
20
20
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B3: pilot test feedback

T ¢KA& | LIISYRAR IWVING DERSHFS DA sRS@E RISE aaRyi §F2

D

0KS {KIFILS 'aasSvyofe GSaido

Participant Lia 62 Sy3r3s sAdK o5 Y2RSfta oNAy3Ia Ly Sydad
sign concept thinking. Your interface offers students the simulafd3D designed models in a virtual

g2NI RX ¢KA& (G22f KI a adgghtadde@riersWloMday nbdeiigdge iivithimbdel¥ 2 NJ v
0 KNRdzaK (2 dzOK®dé

Quantitative Raw

Staff No.

Duration (Mins) Collisions
S1 7 4

S2 8 3

S3 9 5
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B4:# |

(Main)

Descriptor:

| 2KSyQa

E Akaigp&y Shape Assembly Test

11 LI O2STFFAOASY:OH Aa | GSald adqraradAaodo oKA

ent evaluations from a response variable. The response variable must be in categorical form. THeagalua

of the response variable are observed either by two different raters or by the same rater at two different

times

1. LRSyGATe Ay GAGES 2NJ FoadNy OO GKIEG A
gl a AygSaiaarisSrRo

2. YSI adz2NBYSy i RSAEAMOGA Rffe dh ydti SNBad SELJ

3.0 LINPGARS | NIGA2yFES F2N) GKS &adddzRe

A A

GKS alyYLtfsS aialsS gFa OK

N
ax
(s}

y @

GSNXYAYSR ydzYoSNJ 2F NI G SN

(0p))

4. {Gr4S GKS R

gLaA2yaodo o



B5 Nvivo 21 Raw data(Shape Assembly Test)

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
Node

Nodes\Fit for purpose
Document

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0197 1

1 LJB 13/01/2018 10:08
No stress not at all

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.2202 1

1 LJB 13/01/2018 10:12

As a designer | felt that this product has some way tagythe device itself was really heavy and took up sc
<enare RiIit aq it nffared an miich interactinn 1 wniild cav icina it throniah the Ol 1hwoiild he areat

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1217 2

| performed well, and | want one!!

2 13/01/2018 10:10
The interface was great got the idea of it all really quickly.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1282 4

1 13/01/2018 09:53

It was satisfyingccomplishing something which | had thought impossible/very difficult in a relatively eas
ner
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Report§\Coding Summary By Node Re Page 1 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NiwmnhAr
2 LJB 13/01/2018 09:54

2 A0K2dzi GKS AYyGSNFIFOS L OlFyQili O2y0SA@S K2g (K

3 LJB 13/01/2018 09:54
Only other alternative would have been a sighted assistant toldbelvork

4 LJB 13/01/2018 09:55
Minimal stress, | have found using new software more frustrating than using the robot.

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0159 1

1 LJB 13/01/2018 10:01
Very asy indeed.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0689 1

1 LJB 13/01/2018 10:02
Using the device it felt theimilar as holding a pen and writing on paper.

Internals\\ Shape AssemblWUSER TEST EVALIDN

No 0.0667 1

1 LJB 13/01/2018 10:03
It was very clear how to use the device, and for motoric disabilities could be useful for design purposes

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1114 2

1 LJB 13/01/2018 10:03
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I think with the short training time | did ok to complete the task in roughly the same time as normal

2 LJB 13/01/2018 10:04
CKS WglyRQ 2N KIYyRES gta I oAl 2F Ly 616 NR
Report$\Coding Sumiary By Node Repc Page 2 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimahAr
Nodes\Fit for purposé 1
Document
Internals\\ Shape Assembly
No 0.0021 1
1 LJB 15/02/2018 13:15
Internals\\ Shape AssemblyHaptic TEST
No 0.0013 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0019 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TEST EVALUATION (2)

No 0.0101 1
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USER TEST EVALUATION.

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No

Aggre-
gate

0.0021

1

Report$\Coding Summary By Node Re

Classification

Coverage Number

Refer-

Of Codin¢ ence

D AfAr

NiimhaAr

Internals\\ Shape AssemblyUSER THSEVALUATION (4)

No

0.0024

1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

0.0011

1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

0.0011

1

LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
Page 3 of 12

15/02/2018 13:3
Coded By Modified On

Initials
LJIB 15/02/2018 13:15
LJB 15/02/2018 13:15

LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0007 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1
1
Report§\Coding Summary By Node Re
Aggre-  Classifiation Coverage Number Refer-
gate Of Codin¢ ence

DAfAr Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1

Internals\\ Shape AssemblYUSER TEST ENJATION.

No 0.0018 1

LJB 15/02/2018 13:15

LJB 15/02/2018 13:15

LJB 15/02/2018 13:15
Page 4 of 12

15/02/2018 13:3

Coded By Modified On
Initials

LJB 15/02/2018 13:15

LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0012 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0013 1
1
Report$\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
DAfAr NiimhaAr

Nodes\Fit for purposé& 10

Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0485 1

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 5 of 12

15/02/2018 13:3

Coded By Modified On

Initials
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1 LJB 15/02/201813:15
Number rank (0100) O=poor 100=excellent.

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0305 1

1 LJB 15/02/2018 13:15
Number rank (6100) O=poor 100=excellent.

Internals\\ Shape AssemblYUSERHBEST EVALUATION

No 0.0443 1

1 LJB 15/02/2018 13:15
Number rank (0100) O=poor 100=excellent.

Internals\\ Shape AssembifUSER TEST EVALUATION (2)

No 0.0031 1

1 LJB 15/02/2018 13:15
Notes

Internals\ Shape AssemblYUSER TEST EVALUATION (3)

No 0.0474 1
1 LJB 15/02/2018 13:15
Number rank (6100) O=poor 100=excellent.
Report§\Coding Summary By Node Re Page 6 of 12
15/02/2018 13:3
Aggre-  Classificdon Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

DAfAr NiimhaAr
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Internals\\ Shape AssemblWUSER TEST EVALUATION (4)

No 0.0559 1

Number rank (6100) O=poor 100=excellent.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0268 1

Number rank (0100) O=poor 100=excellent.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0268 1

Number rank (0100) O=poor 100=excellent.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0113 1

1-100 (O=poox;, 100 excellent)

Internals\\ Shape AssemblfUSER TEEVALUATION

No 0.0420 1

Number rank (0100) O=poor 100=excellent.

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0465 1

Number rank (0100) G=poor 100=excellent.

LJB

LJB

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Number rank (6100) O=poor 100=excellent.

Report$\Coding Summary By Node Re Page 7 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Coverage Number
gate

D AfAr NiimhaAr

Internals\\ Shape AssemblYfUSER TEEVALUATION

No 0.0440 1

1 LJB 15/02/2018 13:15
Number rank (0100) O=poor 100=excellent.
Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0420 1

1 LJB 15/02/2018 13:15

Number rank (6100) G=poor 100=excellent.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0407 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0285 1

1 LJB 15/02/2018 13:15

Number rank (0100) O=poor 100=excellent.

Number rank (0100) O=poor 100=excellent.

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0311 1

1 LJB 15/02/2018 13:15
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Report$\Coding Summary By Node Re Page 8 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimahAr

Nodes\Fit for purposé11
Document

Internals\\ Shape Assenlip\\ Eleanor NS 1 260-2017

No 0.0474 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0298 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0433 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?

Internals\\ Shape AssemblyUSER TEST EVALUATION (2)
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No 0.2618 1

1 LJB 15/02/2018 13:15

| felt that | was able to perform the task set with the apparatus without major issues though defining the
shapes of objects was a little tricky and locating blocks that fell was also tridikgrasmere no clues given

through the interface as to where. Also the sound became confused | believe when the pointer came tc
to 2 objects at the same time. | believe this is that the software was playing multiple sound files simultai

Internals\\ Shape AssemblyfUSER TEST EVALUATION (3)

No 0.0463 1
1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?
Report§\Coding Summary By Node Re Page 9 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

D AfAr NiimhAr

Internals\\ Shape AssemblYfUSER TEST EVALUATION (4)

No 0.0546 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0262 1

1 LJB 15/02/2018 1315
Did you perform well using the haptic APP?

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0262 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?
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Internals\\ Shape AssemblYUSER TEST BWVATION

No 0.0017 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0411 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?

Internals\\ Shae AssembWAUSER TEST EVALUATION

No 0.0455 1
1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?
Report$\Coding Summary By Node Re Page 10 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DnAfar Niimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION

Aggre-  Classification Coverage Number
gate

No 0.0430 1

1 LJB 15/02/2018 13:15

Did you perform well using the haptic APP?
Internals\\ ShapeAssembly\USER TEST EVALUATION.
No 0.0411 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0398 1

Didyou perform well using the haptic APP?

Internals\\ Shape AssemblYUSER TEST EVALUATION

yes 0.0279 1

Did you perform well using the haptic APP?

Internals\\ Shape AssemblYUSER TEST EVALUATION

yes 0.0304 1
1
Did you perform well using the haptic APP?
Report§\Coding Summary By Node Re
Aggre-  Classification Coverage Number Rder-
gate Of Codin¢ ence
DAfAr NhiimhAr

Nodes\Fit for purposé12
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 11 of 12

15/02/2018 13:3

Coded By Modified On

Initials
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No 0.0345 1

1-100 (O=poox; 100 excellent)

Internals\\ Shae Assembli\Haptic TEST EVALUATION.

yes 0.0216 1

1-100 (0O=poox; 100 excellent)

Internals\\ Shape AssemblYUSER TEST EVALUATION

yes 0.0315 1

1-100 (O=por ¢ 100 excellent)

Internals\\ Shape AssemblfUSER TEST EVALUATION (2)

No 0.0119 1

Was the interface useful?

Internals\\ Shape AssembifWUSER TEST EVALUATION (3)

No 0.0337 1

No

No

LJB

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Aggre-
gate

No

No

No

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.1123 1

1 LJB 15/02/2018 13:15

It was satisfying accomplishing something which I had thought impossible/very difficult in a relatively ee
ner. Whie the task was simple it was interesting to think what more challenging t asks might be accomg

wanthh tHaA rAlhAt MMAavdiima franma A maAantal rniAabiiva A AAbiiallhr AvAaAtinAa A rAtAh A viAaA AAbicfh A A
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0056 1

1 LJB 15/02/2018 13:15

NS1
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0082 1

1 LJB 15/02/2018 13:15
55 NS1

Report§\Coding Summary By Node Re Page 16 of 12

15/02/2018 13:3'

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NiimhAr

Internals\\ Shape AssemblWUSER TEST EVALUATION kerry sighted

No 0.0058 1
1 LJB 15/02/2018 13:15
NS1
Internals\\ Shape AssemblWUSER TEST EVALUATION.
No 0.0056 1
1 LJB 15/02/2018 13:15
NS1
Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0054 1

1 LJB 15/02/2018 13:15
FS1
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Internals\\ Shape AssemblfUSER TEST EVALUATD@Niel Hajas

No 0.0038 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblyUSER TEST EVALUATIONgreg

No 0.0041 1
1 LJB 15/02/2018 13:15
NS1
Report$\Coding Summary By Node Re Page 17 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAar Niimhar

Nodes\Fit for purposé 14
Document

Internals\\ Shape Assenlip\\ Eleanor NS 1 260-2017

No 0.0021 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyHaptic TEST EVALUATION.Daniel Rivers
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No 0.0013 1

1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0039 1

1 LJB
65

Internals\\ Shape AssembiWUSER TEST EVALUATION (2)
No 0.0022 1

1 LJB
80%

Internals\\ Shape AssemblyUSER TESTAMWATION (3)
No 0.0042 1

1 LJB
85

Reports\Coding Summary By Node Re

Aggre-  Classification Coverage Number

gate Of Codin¢ ence Initials

DAfAr NiimhaAr

Internals\\ Shape AssemblyUSER TEST EVALUATION (4)
No 0.0049 1

1 LJB
90

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 18 of 12

15/02/2018 13:3

Refer- Coded By Modified On

15/02/2018 13:15



213| Page

Internals\\ Shape AssemblYUSER TEST EVALUATION Alex

No 0.0011 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION Alex keable

No 0.0011 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblWUSER TEST EVALUATION Derek Naysmith

No 0.0102 1

1 LJIB 15/02/2018 1315
2 Was the interface useful?

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0018 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION jb

No 0.0020 1
1 LJB 15/02/2018 13:15

Report§\Coding Summary By Node Re Page 19 of 12

15/02/2018 13:3
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90

Aggre-  Classification Coverage Number Refer- Coded By
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblyUSER TEST EVUATION

No 0.0039 1
1 LJB

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0018 1
1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 00018 1
1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0012 1
1 LJB

Internals\\ Shape AssemblWUSER TEST EVALUATIONgreg

No 0.0013 1

1 LJB

Modified On

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Report$\Coding Summary By Node Re Page 20 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfar Niimhar

Nodes\Fit for purpcsé 15
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0151 1

1 LJB 15/02/2018 13:15
Number 50

Internals\\ Shape AssemblyHaptic TEST EVALUATION.Daniel Rivers

No 0.0088 1

1 LJIB 15/02/2018 13:15
Number- 80

Internals\\ Shape AssemblyYUSER TEST EVALUATION

No 0.1802 1

1 LJB 15/02/2018 13:15

Number Notes It was all very interesting. | performed well even though when under pressure my sisght
dices. | felt as if there was no nressiire to 11se the interface and | liked it

Internals\\ Shape AssemblYUSER TEST EVALUATION (2)

No 0.0031 1

1 LJB 15/02/2018 13:15
Notes
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Internals\\ Shape AssemblfUSER TEST EVALUATI®)N
No 0.0094 1

1 LJB 15/02/2018 13:15
Number

Report§\Coding Summary By Node Re Page 21 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssembifWUSER TEST EVALUATION (4)

Aggre-  Classification Coverage Number
gate

No 0.0534 1
1 LJB 15/02/2018 13:15
Number | performed well, and | want one!!
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0065 1
1 LIB 15/02/2018 13:15

Number 73

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0065 1

1 LJB 15/02/2018 13:15
Number 73

Internals\\ Shape AssemblYUSER TEST EVALUATION



2171 Page

No 0.0134 1

1 LJB 15/02/2018 13:15
1-100 (O=not useful00=very useful)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0112 1

1 LJB 15/02/2018 13:15
Number 90

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0082 1

1 LJIB 15/02/2018 13:15
Number

Report$\Coding Summary By Node Re Page 22 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DnAfar Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

Aggre-  Classification Coverage Number
gate

No 0.0998 1
1 LJB 15/02/2018 13:15
Number | worked great with this device and the interface. My understanding and aims were clear to me
Internals\\ Shape AssemblYUSER EST EVALUATION.
No 0.0112 1
1 LJB 15/02/2018 13:15

Number 90

Internals\\ Shape AssemblyUSER TEST EVALUATION
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No

Number- 95

0.0117

1

Internals\\ Shape AssemblYUSER'EST EVALUATION

No

70

0.0025

1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

Number- 80

0.0089

1

Report$\Coding Summary By Node Re

Aggre-  Classification
gate

Nodes \Fit for purposé 16

Document

Coverage Number

Refer-

Of Codin¢ ence

D AfAr

NiimhaAr

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No

Notes satisfactory

0.0226

1

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 23 of 12

15/02/2018 13:3

Coded By Modified On

Initials

LJB

15/02/2018 13:15
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Internals\\ Shape AssemblyHaptic TEST EVALUATION.Daniel Rivers

No 0.0440 1

1 LJB
Notesc | felt as if | managed to use the devicalakPP well.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0266 1

1 LJB
Was the interface useful?

Internals\\ Shape AssembiWUSER TEST EVALUATION (2)

No 0.3859 1
1 LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

| can see this being used to collaborate ideas over distance, especially amongst those with visual impa
Descriptions are a subjective means of understanding and sometimes it is easier to actually feel somet
build a shapgyou may be describing. It might also be used to teach particularly specialised tasks to thos
maybe required to work without appropriate lighting that their vision is impaired or lost. These may inclt
delicate engineering adjustments on the sea pgerforming surgery on a patient and the power fails else «

arminn an avnlneciva Aavira whara vinil rannnt can tha marhanieme dalirata narte Alen in tarme nf trair

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.2286 1
1 LJB

15/02/2018 13:15

Notes As aesigner | felt that this product has some way to go as the device itself was really heavy and
some snace. But as it offered so miich interaction | would sav usina it throuah the OU wotlld he areat.

Reports\Coding Summary By Node Re

Page 2 of 12(

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblyUSER TEST EVALUATION (4)
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No 0.0086 1

1 LJB 15/02/2018 13:15
Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0041 1

1 LJIB 15/02/2018 13:15
Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0041 1

1 LJB 15/02/2018 13:15
Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0017 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1131 1

1 LJB 15/02/2018 13:15

Notes | soon gotte hang of it, and was able to complete the task. At first | tried to push the Avatar throu
block

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1366 1

1 LJB 15/02/2018 13:15

Notes | would suggest everyone worviith this app It was easy to use, easy to understand. It only took mt
few miniiteq tn 11ee it
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Report$\Coding Summary By Node Re Page 25 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0068 1

1 LJB 15/02/2018 13:15

Notes
Internals\\ Shape AssemblWUSER TEST EVALUATION.
No 0.1131 1

1 LJB 15/02/2018 13:15

Notes | soon got the hang of it, and was able to complete the task. At first | tried to push the Avatar thrc
hlneck

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.1015 1
1 LJB 15/02/2018 13:15
Notesc¢ | enjoyed using the haptic app and | feel as though | could have performed better with more pra
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0940 1

1 LJB 15/02/2018 13:15

| believe | performed well,as | douconstruct the shape required within 2 minutes without prior knowledge
extensive nractice with the device.

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0775 1

1 LJB 15/02/2018 13:15
Notesc | think with the shat training time | did ok to complete the task in roughly the same time as normi
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Report$\Coding Summary By Node Re Page 26 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- CodedBy Modified On
gate Of Codin¢ ence Initials
D AfAr NiimhAr

Nodes \Fit for purpos&17
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0291 1

1 LJIB 15/02/2018 13:15
Was the interface useful?

Internals\\ Shape AssemblyHaptic TEST BV UATION.

No 0.0183 1

1 LJB 15/02/2018 13:15
Woas the interface useful?

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0374 1

1 LJB 15/02/2018 13:15
1-100 (O=not useful 00=very useful)

Internals\\ Shape AssemblfUSER TEST EVALUATION (2)
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No 0.0168 1

1 LJB
Was the device easy to hold and use?

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)
No 0.0284 1

1 LJB
Was the interface useful?

Reports\Coding Summary By Node Re

Aggre-  Classification Coverage Number

gate Of Codin¢ ence Initials

D AfAr NiimhAr

Internals\\ Shae Assemb\WUSER TEST EVALUATION (4)
No 0.0335 1

1 LJB
Woas the interface useful?

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0447 1

1 LJB
Yes given theme | had however | felt it would be better with more time

Internals\\ Shape AssemblyUSER TEST EVALUATION
No 0.0447 1

1 LJB
Yes given the time | had however I felt it would be better with more time

15/02/2018 13:15

15/02/2018 13:15

Page 27 of 12

15/02/2018 13:3

Refer- Coded By Modified On

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0014 1

1 LJB 15/02/2018 13:15
95

Internals\\ Shape AssemblYUSER TEST EVALUATION lan Roberts

No 0.0252 1

1 LJB 15/02/2018 13:15

Was the inter&ce useful?
Internals\\ Shape AssemblfUSER TEST EVALUATION jb
No 0.0279 1

1 LJIB 15/02/2018 13:15
Was the interface useful?

Report$\Coding Summary By Node Re Page 28 of 12

15/02/2018 13:3

Aggre-  Classiftation Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAar Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION kerry sighted

No 0.0264 1

1 LJB 15/02/2018 13:15

Was the interface useful?
Internals\\ Shape AssemblyUSER TEST EVALUATION.ian sighted
No 0.0252 1

1 LJB 15/02/2018 13:15
Was the interface useful?
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0244 1

Was the interface useful?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0171 1

Was the interface useful?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0186 1
1
Was the interface useful?
Report§\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
DAfAr NhiimhAr

Nodes\Fit for purposé18
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

LJB

LJB

LJB

15/02/2018 1315

15/02/2018 13:15

15/02/2018 13:15

Page 29 of 12

15/02/2018 13:3

Coded By Modified On

Initials
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No 0.0409 1

1 LJB
1-100 (O=not useful00=very useful)

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0257 1

1 LJB
1-100 (O=not useful 00=very useful)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0049 1

1 LJB
NS1

Internals\\ Shape AssemblYfUSER'EST EVALUATION (2)

No 0.0225 1

1 LJB
1-100 (0= not easy 100= very useful) NS1  Number

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.0400 1

1 LJB
1-100(0=not usefull00=very useful)

Report§\Coding Summary By Node Re

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 30 of 12

15/02/2018 13:3
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Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemPlI\USER TEST EVALUATION (4)

No 0.0472 1

1 LJB 15/02/2018 13:15
1-100 (O=not useful 00=very useful)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0161 1

1 LJIB 15/02/2018 13:15
Was the inteface useful?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0161 1

1 LJB 15/02/2018 13:15
Was the interface useful?

Internals\\ ShapeAssembly\USER TEST EVALUATION

No 0.1194 1

1 LJB 15/02/2018 13:15
2 AGK2dzi GKS AYUGSNFIFOS L OFlyQi O2yO0SA@S K2¢ (K
would have been a sighted assistant to do all the work. The presence of the interface opens up exciting

Hinl AllAaianina VTl AtiidbndA +A nAvbiAainAtA maArvAa in AAanian AaneeAn in A vraviabh s AfF naAaAdlmacn A lhAaviAnA TndA Ana

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0355 1

1 LJB 15/02/2018 13:15
1-100 (O=not useful 00=very useful)

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0393 1
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1 LJB 15/02/2018 13:15
1-100 (O=not useful 00=very useful)

Report§\Coding Summary By Node Re Page 31 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Goverage Number
gate

DAfAr Nimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0371 1

1 LJB 15/02/2018 13:15
1-100 (O=not useful00=very useful)
Internals\\ Shape AssembMUSER TEST EVALUATION.

No 0.0355 1

1 LJB 15/02/2018 13:15
1-100 (O=not useful 00=very useful)
Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0344 1

1 LJB 15/02/2018 13:15
1-100(0=not usefull00=very useful)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0241 1

1 LJB 15/02/2018 13:15

1-100 (O=not useful 00=very useful)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0262 1

1 LJB 15/02/2018 13:15
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1-100 (O=not useful 00=very useful)

Report§\Coding Summary By Node Re Page 32 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- CodedBy Modified On
gate Of Codin¢ ence Initials
D AfAr NhiimahAr

Nodes\Fit for purposé&19
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0053 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0033 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0039 1

1 LJB 15/02/2018 13:15
80
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Internals\\ Shape AssemblWUSER TEST EVALUATION (2)
No 0.0026 1

1 LJB 15/02/2018 13:15
100%

Internals\\ Shape AssembifUSER TEST EVALUATION (3)
No 0.0052 1

1 LJB 15/02/2018 13:15
NS1

Report§\Coding Summary By Node Re Page 33 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

Aggre-  Classification Coverage Number
gate

No 0.0062 1
1 LJB 15/02/2018 13:15
NS1
Internals\\ Shape Assenmip\\USER TEST EVALUATION
No 0.0226 1
1 LJB 15/02/2018 13:15

1-100 (O=not useful 00=very useful)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0226 1
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1 LJB 15/02/2018 13:15
1-100 (O=not ueful-100=very useful)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0141 1
1 LJB 15/02/2018 13:15
3 Was the device easy to hold and use?
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0046 1
1 LJB 15/02/2018 13:15
NS1
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0072 1

1 LJB 15/02/2018 13:15
85NS1

Report$\Coding Summary By Node Re

Page 34 of 12

Aggre-  Classification Coverage Number

Refer- Coded By Modified On
gate

Of Codin¢ ence Initials

DnAfar Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0048 1

1 LJB 15/02/2018 13:15

NS1
Internals\\ Shape AssemblyUSER TEST EVALUATION.ian sighted

No 0.0046 1

15/02/2018 13:3
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1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblWUSER TEST EVALUATIONAndrew

No 0.0045 1

1 LJB 15/02/2018 13:15
FS1

Internals\\ Shape AssemblfUSER TEST EVALUATID@Niel Hajas

No 0.0031 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblWUSER TEST EVALUATIONgreg

No 0.0034 1
1 LJB 15/02/2018 13:15
NS1
Report$\Coding Sumns By Node Repc Page 35 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NimhAr

Nodes\Fit for purposé?2

Document
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Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0248 1

1 LJB 15/02/2018 13:15
USER TEST EVALUATION.

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0230 1

1 LJB 15/02/2018 13:15
Daniel RiversTEST EVALUATION.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0226 1

1 LJB 15/02/2018 13:15
USER TEST EVALUATION.

Internals\\ Shape AssembifUSER TEST EVALUATION (2)

No 0.0008 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.0242 1

1 LJB 15/02/2018 13:15
USER TEST EVALUATION.

Report§\Coding Summary By Node Re Page 36 of 12
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Aggre-  Classification Coverage Number
gate

Refer-
Of Codin¢ ence

15/02/2018 13:3

Coded By Modified On

Initials

DAfAr Nimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 0.0285 1

USER TEST EVALUATION.

Internals\\ Shape AssemblyfUSER TEST BWVATION

No 0.0137 1

USER TEST EVALUATION.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0137 1

USER TEST EVALUATION.

Internals\\ Shape Asembly\USER TEST EVALUATION

No 0.0081 1

USER TEST EVALUATION.

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0215 1

USER TEST EVALUATION.

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0238 1

LJB

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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1
USER TEST EVALUATION.
Report$\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate

Of Codin¢ ence

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0225 1

USER TEST EVALUATION.

Internals\\ Shape AssemblYUSER TESTAIMJATION.

No 0.0215 1

USER TEST EVALUATION.

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0208 1

USER TEST EVALUATION.

Internals\\ Shape Asembly\USER TEST EVALUATION

No 0.0146 1

USER TEST EVALUATION.

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0159 1

LJB 15/02/2018 13:15

Page 37 of 12

15/02/2018 13:3
Coded By Modified On

Initials
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15



236| Page

1 LJB 15/02/2018 13:15
USER TEST EVALUATION.
Report$\Coding Summary By Node Re Page 38 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Nodes\Fit for purposé20
Document

Internals\\ ShapeAssembly\ Eleanor NS 1 260-2017

No 0.0129 1

1 LJIB 15/02/2018 13:15
Number 75

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0088 1

1 LJB 15/02/2018 13:15
Number- 60

Internals\\ Shape AssembM USER TEST EVALUATION

No 0.0995 1

1 LJB 15/02/2018 13:15
Number65 | wanted to tweak the interface but its amazng to think | completed the task in a short time
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Internals\\ Shape AssemblWUSER TEST EVALUATE)N (
No 0.0031 1
1 LJB 15/02/2018 13:15

Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION (3)

No 0.0410 1
1 LJB 15/02/2018 13:15
Number | found it useful, thanks Lisa
Report§\Coding Sumiary By Node Repc Page 39 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

Aggre-  Classification Coverage Number
gate

No 0.0881 1
1 LJB 15/02/2018 13:15

Number The interface was great got the idea of it all really quickly.

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0029 1
1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0029 1



238 Page

1 LJB 15/02/2018 13:15
NS1
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0141 1
1 LJB 15/02/2018 13:15
1-100 (0= not easy 100= very useful)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0102 1
1 LJB 15/02/2018 13:15
Number 95
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.1118 1

1 LJB 15/02/2018 13:15
Number The interface was meclever, | really enjoyed myself and the noises and movement was interws

Report$\Coding Summary By Node Re

Page 40 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAar Niimhar
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0039 1
1 LJB 15/02/2018 13:15

75

Internals\\ Shape AssemblyUSER TEST EVALUATION.

No 0.0102 1
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Number 95

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

Numberg 100

0.0135 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

70

0.0025 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

Number- 70

0.0089 1

Report$\Coding Summary By Node Re

Aggre-  Classification
gate

Nodes\Fit for purposé21

Document

Coverage Number

Refer-

Of Codin¢ ence

D AfAr

NiimhaAr

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 41 of 12

15/02/2018 13:3

Coded By Modified On

Initials
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Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0701 1

1 LJB
Notes useful, could have hadditory feedback for fixed block

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0996 1
1 LJB

15/02/2018 13:15

15/02/2018 13:15

Notesc In its current form it serves well as a testing tool, but its usefulness will only be dstablidien being

1iced for mare than teatinn

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0068 1

1 LJB
Notes

Internals\\ Shape AssembifUSER TEST EVALUATION (2)

No 0.0305 1

1 LJB
Yes sound was extremely helpful in addition to the device itself.

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.0073 1

1 LJB
Notes

Report§\Coding Summargy Node Repc

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 42 of 12
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15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Coverage Number
gate

DAfAr Nimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 0.0086 1
1 LJB 15/02/2018 13:15
Notes
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0065 1
1 LJB 15/02/2018 13:15

Number 61

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0065 1

1 LJB 15/02/2018 13:15

Number 61
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0017 1

1 LJB 15/02/2018 13:15

NS1
Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.1010 1

1 LJB 15/02/2018 13:15
Notes It would be nice to be able to drop the blocks by a control on the robot, rather than the shift key.

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0072 1
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1 LJB 15/02/2018 13:15
Notes
Report$\Goding Summary By Node Rey Page 43 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate

Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1771 1

1 LJB 15/02/2018 13:15

Number | could see how this device and interface could be useful to all people, not just sighted which is
ina to think ahoiit. Someone thinkina of 115 slinht imanired is amazina

Internals\\ Shape AssemblYUSERBEST EVALUATION.
No 0.1010 1
1 LJB 15/02/2018 13:15

Notes It would be nice to be able to drop the blocks by a control on the robot, rather than the shift key.

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0571 1
1 LJB 15/02/2018 13:15
Notesc | found the interface very easy to navigate and use.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1391 1

1 LJB 15/02/2018 13:15
It was very clear how to use tlievice, and for motoric disabilities could be useful for design purposes. G
voll can see the screen ar have audio atlidance on location of hlocks. this could he a verv uisefill device

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.1328 1
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1

LJB 15/02/2018 13:15

Notes¢ The robot was tricky to get use to originally and sometimes it felt like it got too close to itself whe
ina forward. but this could he hecalise it is the first time | have 11sed it

Report$\Goding Summary By Node Rey

Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
D AfAr NhiimahAr

Nodes\Fit for purposé?22
Document

Internals\\ Shape AssemblyEleana NS 1 2610-2017

No 0.0409 1

Was the device easy to hold and use?

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0257 1

Was the device easp told and use?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0374 1

Was the device easy to hold and use?

Page 44 of 12
15/02/2018 13:3
Coded By Modified On
Initials
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
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Internals\\ Shape AssemblWUSER TEST EVALUATION (2)
No 0.0345 1

1 LJB 15/02/2018 13:15
Did you become mentally stressed or frustrated at any time during the trial?

Internals\\ Shape AssemblYUSER TEST EVALUATION (3)
No 0.0400 1

1 LJB 15/02/2018 13:15
Was the device easy to libhnd use?

Report§\Coding Summary By Node Re Page 45 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblWUSER TEST EVALWDN (4)

Aggre-  Classification Coverage Number
gate

No 0.0472 1
1 LJB 15/02/2018 13:15
Was the device easy to hold and use?
Internals\\ Shape AssemblfUSER TEST EVALUATION
No 0.0041 1
1 LJB 15/02/2018 13:15

Notes

Internals\\ Shape AssabiWW\USER TEST EVALUATION

No 0.0041 1
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1 LJB 15/02/2018 13:15
Notes
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0014 1
1 LJB 15/02/2018 13:15
90
Internals\\ Shape AssemblyUSER T& EVALUATION

No 0.0355 1

1 LJB 15/02/2018 13:15
Was the device easy to hold and use?

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0393 1

1 LJB 15/02/2018 13:15
Was the device easy to libhnd use?

Report§\Coding Summary By Node Re Page 46 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DnAfar Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

Aggre-  Classification Coverage Number
gate

No 0.0068 1

1 LJB 15/02/2018 13:15
Notes

Internals\\ Shape AssemblyUSER TEST EVALUATION.

No 0.0355 1
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Was the device easy to hold and use?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0344 1

Was the device easy to hold and use?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0241 1

Was the device eady hold and use?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0262 1
1
Was the device easy to hold and use?
Report$\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
D AfAr NimhAr

Nodes\Fit for purposé?23

Document

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 47 of 12

15/02/2018 13:3

Coded By Modified On

Initials
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Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0431 1

1 LJB
1-100 (0= not easy 100= very useful)

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0271 1

1 LJB
1-100 (0= not easy 100= very useful)

Internals\\ Shape AssemblYUSER TESVALUATION

No 0.0394 1

1 LJB
1-100 (0= not easy 100= very useful)

Internals\\ Shape AssembifUSER TEST EVALUATION (2)

No 0.0190 1

1 LJB
1-100(0= very stressetilD0=no stress) NS1

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.0421 1

1 LJB
1-100 (0= not easy 100= very useful)

Reports\Coding Summary By Node Re

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 48 of 12
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15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimhAr

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 0.0496 1

1 LJB 15/02/2018 13:15
1-100 (0= not easy 100= very useful)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0805 1
1 LJB 15/02/2018 13:15
IyQi NBYSYOGSN) 22 YdzOK odzi Al aSSYSR 219 CS¢

thnee with vicial imairmenta

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0805 1

1 LJB 15/02/2018 13:15
I FyQli NBYSYOSNI 22 YdzOK o6dzi AdG &aSSYSR 21 ¢ CSf
those with visual imnairents

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.2562 1

1 LJB 15/02/2018 13:15

Found | had few problems holding and using the device. Initially it seemed strange but soon | became ¢
moving the pointer roud. Returning the pointer into its rest position provided the only problem as it requ
a bit of force compared to the easy movement. At one point the movement appeared to stick and this p
challenging until 1 was prompted what to do. Perhaps ankdediue, actual words, could be built in to assi
this situation. Like much access technoloav vou miaht want the user to be able to select the level of aut

Internals\\ Shape AssemblYUSER TEST EVALUATION lan Roberts

No 0.0374 1

1 LJB 15/02/2018 13:15
1-100 (0= not easy 100= very useful)
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Repots\\Coding Summary By Node Re

Page 49 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NiimhAr
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0445 1
1 LJB 15/02/2018 13:15
1-100 (0= not easy 100= very useful) 90

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0371 1

1 LJB 15/02/2018 13:15
Was the device easy to hold and use?
Internals\\ Shape AssembMUSER TEST EVALUATION.
No 0.0374 1
1 LJB 15/02/2018 13:15
1-100 (0= not easy 100= very useful)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0362 1
1 LJB 15/02/2018 13:15

1-100 (0= not easyg 100= very useful)
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0254 1
1 LJB 15/02/2018 13:15
1-100 (0= not easy 100= very useful)
Report$\Coding Summary By Node Re Page 50 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NhiimahAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0276 1

1 LJB 15/02/2018 13:15
1-100 (O=not easyg 100= very useful)

Nodes \Fit for purposé24

Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017
No 0.0053 1

1 LJB 15/02/2018 13:15
NS1
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Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0033 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0049 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblfUSER TEST EVALUATION (2)
No 0.0044 1

1 LJB 15/02/2018 13:15
Number

Report§\Coding Summary By Node Re Page 51 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfar Niimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

Aggre-  Classification Coverage Number
gate

No 0.0052 1

1 LJB 15/02/2018 13:15

NS1
Internals\\ Shape AssemblyUSER TEST EVALUATION (4)
No 0.0062 1

1 LJB 15/02/2018 13:15
NS1
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Internals\\ Shape AssembM USER TEST EVALUATION

No 0.0226 1

1 LJB 15/02/2018 13:15
Was the device easy to hold and use?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0226 1

1 LJB 15/02/2018 13:15
Wasthe device easy to hold and use?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0283 1

1 LJB 15/02/2018 13:15
4 Did you become mentally stressed or frustrated at any time during the trial?

Internals\\ Shape AssmbIW\USER TEST EVALUATION

No 0.0046 1
1 LJB 15/02/2018 13:15
NS1
Report§\Coding Summary By Node Re Page 52 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimhAr

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0051 1

1 LJB 15/02/2018 13:15
NS1
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0391 1

1-100 (0= not easy 100= very useful)

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0046 1

NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0045 1

FS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0031 1

NS1

Report§\Coding Summary By Node Re

LJB

LJB

LJB

LJB

15/02/201813:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 53 of 12

15/02/2018 13:3



254| Page

Aggre-  Clasdication Coverage Number

Refer- Coded By Modified On
gate

Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0034 1

1 LJB 15/02/2018 13:15
NS1

Nodes\Fit for purposé25

Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0129 1

1 LJB 15/02/2018 13:15
Number 90

Internals\\ Shape AssemblyHaptic TEST EVALUATION.Daniel Rivers

No 0.0088 1
1 LJB 15/02/2018 13:56
Number- 90

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0266 1
1 LJB 15/02/2018 13:15
Number | would say so yes
Internals\\ Shape AssemblyUSER TEST EVALUATION (2)
No 0.0026 1

1 LB 15/02/2018 13:15
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100%
Report$\Coding Summary By Node Re Page 54 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr
Internals\\ Shape AssemblyUSIR TEST EVALUATION (3)
No 0.0084 1
1 LJB 15/02/2018 13:15
Number
Internals\\ Shape AssemblYUSER TEST EVALUATION (4)
No 0.0099 1
1 LJB 15/02/2018 13:15
Number

Internals\\ Shape AssemblWUSER EST EVALUATION

No 0.0238 1
1 LJB 15/02/2018 13:15
1-100 (0= not easy 100= very useful)
Internals\\ Shape AssemblfUSER TEST EVALUATION
No 0.0238 1
1 LJB 15/02/2018 13:15

1-100 (0= not easy 100= very useful)

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0138 1
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1 LJB 15/02/2018 13:15

1-100(0= very stressetl00=no stress)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0112 1

1 LJIB 15/02/2018 13:15
Number 100

Report$\Coding Summary By Node Re Page 55 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NhiimahAr

Internals\\ Shape AssembAWUSER TEST EVALUATION

No 0.0134 1
1 LJB 15/02/2018 13:15
Number EASY
Internals\\ Shape AssemblWUSER TEST EVALUATION kerry sighted
No 0.0048 1
1 LJB 15/02/2018 13:15

NS1

Internals\\ Shape AssemblfUSER TEST EVALUATION.ian sighted

No 0.0112 1

1 LJB 15/02/2018 13:15
Number 100

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0117 1
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1 LJIB 15/02/2018 13:15
Number-100

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0025 1

1 LJB 15/02/2018 13:15
95

Report§\Coding Summary By Node Re Page 56 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DnfAr Nimhar

Internals\\ Shape AssemblWUSER EST EVALUATION

Aggre-  Classification Coverage Number
gate

No 0.0089 1

1 LJIB 15/02/2018 13:15
Number- 70

Nodes\Fit for purposé26

Document

Internals\\ Shape Assempl\Eleanor NS 1 260-2017
No 0.0949 1

1 LJB 15/02/2018 13:15
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Notes buttons on end of pen too close together, could result in pressing wrong button

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.1613 1

1 LJB 15/02/2018 13:15
Notesc Yes the device was easy to hold and intuitive to use. | was impressed by the feel of the bounda
the APP when converted to resistance in the device. Reina ahle to feel the weinht of the ohiect wasteds

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0068 1

1 LJB 15/02/2018 13:15
Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION (2)

No 0.0031 1

1 LJB 15/02/2018 13:5
Notes

Report§\Coding Summary By Node Re Page 57 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATI®N

Aggre-  Classification Coverage Number
gate

No 0.0073 1

1 LJB 15/02/2018 13:15
Notes

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 0.0086 1
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1 LJB 15/02/2018 13:15
Notes
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0029 1
1 LJB 15/02/2018 13:15
NS1
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0029 1
1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0017 1

1 LJB 15/02/2018 13:15

NS1
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0243 1

1 LJB 15/02/2018 13:15
Notes Very easy indeed.

Report$\Coding Summary By Node Re Page 58 of 12

15/02/2018 13:3'

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Coverage Number
gate

DAfAr NiimhaAr

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0072 1
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1 LJB 15/02/2018 13:15
Notes
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0166 1
1 LJB 15/02/2018 13:15
Number ALL easy
Internals\\ Shape AssemblWUSER TEST EVALUATION.
No 0.0243 1
1 LJB 15/02/2018 13:15
5 Very esy indeed.
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0779 1

1 LJB 15/02/2018 13:15
Notesg Using the device it felt the simular as holding a pen and writing on paper.

Internals\\ Shape AssemblfUSER TEEVALUATION
No 0.0991 1

1 LJB 15/02/2018 13:15

Very easy to use, and hold,the only restriction that | felt is not seeing the screen. If | saw the screen, | ¢
ate the ohiect much faster | exnect.

Report$\Coding SummaryyBNode Repo Page 59 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Coverage Number
gate

DAfAr NiimhaAr

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0975 1

1 LJB 15/02/2018 13:15
Notesc¢KS LPél-)/IV?\’Q 2 NJ KI-)/Iv?fS gl a I oAl 27 Fy gl 6l
| could arin as a fist easier.
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Nodes\Fit for purposé27
Document
Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0841 1
1 LJB

Did you become mentally stressed or frustrated at any time during the trial?

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0528 1
1 LJB

Did you become mentally stressed or frustrated at any time during the trial?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0768 1

1 LJB
Did you become mentally stressed or frustrated at any tilneng the trial?

Internals\\ Shape AssemblYUSER TEST EVALUATION (2)

No 0.0053 1

1 LJB
Not at all

Report§\Coding Summary By Node Re

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 60 of 12

15/02/2018 13:3
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Aggre-  Classification Coverage Number

Refer- Coded By Modified On
gate

Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION (3)
No 0.0821 1
1 LJB 15/02/2018 13:15
Did you become mentally stressed or frustrated ag ime during the trial?
Internals\\ Shape AssembifWUSER TEST EVALUATION (4)
No 0.0968 1
1 LJB 15/02/2018 13:15
Did you become mentally stressed or frustrated at any time during the trial?
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0065 1
1 LJB 15/02/2018 13:15
Number 85
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0065 1
1 LJB 15/02/2018 13:15
Number 85
Internals\\ Shape AssemblfUSER TEST EVALUATION
No 0.0017 1
1 LJB 15/02/2018 13:15
95
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0729 1

1 LJB 15/02/2018 13:15
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Did you become mentally stressed or frustrated at ame during the trial?

Report§\Coding Summary By Node Re Page 61 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER THEVALUATION
No 0.0807 1
1 LJB 15/02/2018 13:15

Did you become mentally stressed or frustrated at any time during the trial?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0068 1
1 LJB 15/02/2018 13:15
Notes

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0729 1
1 LJB 15/02/2018 13:15
Did you become mentally stressed or frustrated at any time during the trial?
Internals\\ Shape AssemblfUSER TEEVALUATION
No 0.0707 1
1 LJB 15/02/2018 13:15

Did you become mentally stressed or frustrated at any time during the trial?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0495 1

1 LJB 15/02/2018 13:15
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Did you become mentally stressed or frustrated at any time during the trial?

Report§\Coding Summary By Node Re

Aggre-  Classification Coverage Number

gate Of Codin¢ ence Initials

DAfAr Nimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0539 1

1 LJB
Did you become mentally stressed or frustrated at any time during the trial?

Nodes\Fit for purposé28

Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0420 1

1 LJB
1-100(0= very stressetl00=no stress)

Internals\\ Shape AssemblyHaptic TEST EVALUATION.
No 0.0264 1

1 LJB
1-100(0= very stressetl00=no stress)

Internals\\ Shape AssemblyUSER TEST EVALUATION
No 0.0384 1

1 LJB
1-100(0= very stressetl00=no stress)

Page 62 of 12

15/02/2018 13:3

Refer- Coded By Modified On

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Internals\\ Shape AssemblWUSER TEST BENJATION (2)
No 0.0469 1

1 LJB 15/02/2018 13:15
Did you become physically fatigued or stressed throughout any of the test with the APP or haptic devic

Report$\Coding Summary By Node Re

Page 63 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NhimahAr
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0410 1
1 LJB 15/02/2018 13:15
1-100(0= very stressetl00=no stress)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0484 1
1 LJB 15/02/2018 13:15
1-100(0= very stressetl00=no stress)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0041 1
1 LJB 15/02/2018 13:15
Notes
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0041 1
1 LJB 15/02/2018 13:15

Notes
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0751 1

1 LJB 15/02/2018 13:15

Minimal stress, | have found using new software more frustrating than using the robot. Providing a test
with siahted assistance is verv imnartant as without this it would be verv easv to hecome stressed.

Internals\\ Shape AssmbIW\USER TEST EVALUATION

No 0.0364 1
1 LJB 15/02/2018 13:15
1-100(0= very stressetl00=no stress)
Report§\Coding Summary By Node Re Page 64 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of ding ence Initials
DAfar Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0434 1

1 LJB 15/02/2018 13:15
1-100(0= very stressetiDO=no stress) 85

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0763 1

1 LJB 15/02/2018 13:15
Did you become mentally stressed or frustrated at any time during the trial?

Internals\\ Shape AssemblyUSER TEST EVALUATION.

No 0.0364 1

1 LJB 15/02/2018 13:15
1-100(0= very stressetl00=no stress)
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Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0353 1
1 LJB 15/02/2018 13:15
1-100(0= very stressetl00=no stress)

Internals\\ Shape AssemblfUSER TEEVALUATION

No 0.0247 1
1 LJB 15/02/2018 13:15
1-100(0= very stressetl00=no stress)
Report§\Coding Summary By Node Re Page 65 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Rekr- Coded By Modified On
gate

Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0269 1

1 LJB 15/02/2018 13:15
1-100(0= very stressetld0=no stress)

Nodes\Fit for purposé29

Document
Internals\\ Shape AssembM Eleanor NS 1 260-2017
No 0.0053 1
1 LJB 15/02/2018 13:15

NS1

Internals\\ Shape AssemblyHaptic TEST EVALUATION.Daniel Rivers
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No 0.0033 1

1 LJB
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0049 1

1 LJB
NS1

Internals\\ Shape AssembiWUSER TEST EVALUATION (2)

No 0.0296 1

1 LJB
1-100 (O=very stressed and fatigd ¢ 100= no stress or fatique)

Report$\Coding Summary By Node Re

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 66 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On

gate Of Codin¢ ence Initials

DAfar Niimhar

Internals\\ Shape AssemBl\USER TEST EVALUATION (3)

No 0.0052 1

1 LJB
NS1

Internals\\ Shape AssembifWUSER TEST EVALUATION (4)

No 0.0062 1

1 LJB
NS1

15/02/2018 13:15

15/02/2018 13:15
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Internals\\ Shape AssemblWUSER EST EVALUATION
No 0.1510 1

1 LJB 15/02/2018 13:15
Felt the device wasrgonomically designed and could cover a range of positions and angles

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1510 1

1 LJB 15/02/2018 13:15
Felt the device was economically designed and could cover a range of positions and angles however |
ther hardware is reatiired as | had to 11se the kevhoard tao channe a view naoint. Aaain this mav not he a

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0386 1

1 LJB 15/02/2018 13:15
5 Did you become physically fatigued or stressed throughout any of the test with the APP or haptic dev

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0046 1

1 LJB 15/02/2018 13:15
NS1

Report$\Coding Summary By Node Re Page 67 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATIO

Aggre-  Classification Coverage Number
gate

No 0.0051 1

1 LJB 15/02/2018 13:15
NS1
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0381 1

1-100(0= very stressetl00=no stress)

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0046 1

NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0045 1

FS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0031 1
1
NS1
Report§\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence

DAfAr NiimhaAr

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 68 of 12

15/02/2018 1337

Coded By Modified On

Initials
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0034 1

1 LJB 15/02/2018 13:15
NS1

Nodes \Fit for purposa 3
Document
Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0021 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0013 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION (2)

No 0.0088 1

1 LJB 15/02/2018 13:15
Question User st
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Report$\Coding Summary By Node Re Page 69 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblfWUSER TEST EVALUATION (3)

No 0.0021 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssembiWUSER TEST EVALUATION (4)

No 0.0024 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0011 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0011 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0007 1
1 LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No

Aggre-
gate

0.0018

1

Report$\Coding Summary By Node Re

Classification

Coverage Number

Refer-

Of Codin¢ ence

D AfAr

NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

0.0020

1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

0.0019

1

Internals\\ ShapeAssembly\USER TEST EVALUATION

No

0.0018

1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

0.0099

1

LJB 15/02/2018 13:15

Page 70 of 12

15/02/2018 13:3
Coded By Modified On

Initials

LJB 15/02/2018 13:15
LJIB 15/02/2018 13:15
LJIB 15/02/2018 13:15

LJB 15/02/2018 13:15
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ANDREW.FS

Internals\\ ShapeAssembly\USER TEST EVALUATION

No 0.0012 1
1 LJB 15/02/2018 13:15
Report§\Coding Summary By Node Re Page 71 of 12
15/02/2018 13:3
Aggre-  Classificon Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0013 1
1 LJB

Nodes\Fit for purposé 30
Document
Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0021 1
1 LJB

Internals\\ Shape Asembly\Haptic TEST EVALUATION

No 0.0013 1
1 LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Internals\\ Shape Asembly\USER TEST EVALUATION

No 0.0049 1

1 LJB 15/02/2018 13:15
100

Internals\\ Shape AssemblWUSER TEST EVALUATION (2)

No 0.0031 1
1 LJB 15/02/2018 13:15
100%
Report§\Coding Summary By Ne Repot Page 72 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NiimhAr

Internals\\ Shape AssembiWUSER TEST EVALUATION (3)

No 0.0021 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION (4)

No 0.0024 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0465 1

1 LJB 15/02/2018 13:15
Did you become mentally stressed or frustrated at any time during the trial?
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0465 1

1 LJB
Did you become mentally stressed or frustrated at any tilaeng the trial?

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0233 1

1 LJB
1-100 (O=very stressed and fatigued00= no stress or fatique)

Internals\\ Shape AssemblYUSER TEST EVALUATION

15/02/2018 13:15

15/02/2018 13:15

No 0.0018 1
1 LJB 15/02/2018 13:15
Report$\Coding Summary By Node Re Page 73 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAar Niimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0020 1

1 LJB

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0048 1

1 LJB
NS1

15/02/2018 13:15

15/02/2018 13:15



277\ Page

Internals\\ Srape Assembly\USER TEST EVALUATION

No 0.0018 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0190 1

Number Notes; 100

Internals\\ ShapeAssembly\USER TEST EVALUATION

No 0.0012 1
1
Report$\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
DAfAr Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0013 1

Nodes\Fit for purposé31

Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0086 1

Number

Internals\\ Shape Asembly\Haptic TEST EVALUATION

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 74 of 12

15/02/2018 13:3

Coded By Modified On

Initials

LJB

15/02/2018 13:15
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No 0.0088 1

1 LJB
Number- 20

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0344 1

1 LJB
Number Notes No stress not at all

Internals\\ Shape AssembifWUSER TEST EVALUATION (3)

15/02/2018 13:15

15/02/2018 B:15

No 0.0147 1
1 LJB 15/02/2018 13:15
Number Notes
Report$\Coding Summary By Node Re Page 75 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 0.0173 1

1 LIB
Number Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0232 1

1 LJB
1-100(0= very stressetl00=no stress)

15/02/2018 13:15

15/02/2018 13:15



2791 Page

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0232 1

1 LJB 15/02/2018 13:15

1-100(0= very stressetl00=no stress)
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0017 1

1 LJB 15/02/2018 13:15

100
Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0112 1

1 LB 15/02/2018 13:15
Number 100

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0144 1

1 LJIB 15/02/2018 13:15
Number Notes

Report$\Coding Summary By Node Re Page 76 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

Aggre-  Chssification Coverage Number
gate

No 0.0019 1

1 LJB 15/02/2018 13:15
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Internals\\ ShapeAssembly\USEREST EVALUATION

No 0.0112 1

1 LJIB 15/02/2018 13:15
Number 100

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0616 1

1 LJB 15/02/2018 13:15
No, | did not become mentally stressed or frustraggdny time.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.2350 1

1 LJB 15/02/2018 13:15

85 not very stressfuk @hile holding the pen in the right hand and clearly feeling a virtual B&llthe left
hand did no feel anything when trying to find the wall on the table.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0089 1
1 LJB 15/02/2018 13:15
Number- 20
Report§\Coding Summary By Node Re Page 77 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

DAfAr NiimhaAr



28l| Page

Nodes \Fit for purposé32
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0636 1

1 LJB 15/02/2018 13:15
Notes no but felt a failure not achieving more quickly

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.1532 1

1 LJB 15/02/2018 13:15

Notesc Not stressed but sometimes frustrated wfie L O2 dzf Ry Qi LIJA O1 dzLJ GKS
think heinn siahted in this scenarin was actiallv a hindrance.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1684 1

1 LJB 15/02/2018 13:15
Did you become plgjcally fatigued or stressed throughout any of the test with the APP or haptic devid

(N=verv atrecced and fatinniedl NN= nn <trecs nr fatinne)

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.1801 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP or haptic davi6
(0O=verv stressed and fatiaued 00= no stress or fatiaie)

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 02124 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP or haptic d&i6
(O=verv stressed and fatiaued 00= no stress or fatiaue)
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Report$\Coding Summary Byode Repol

Page 78 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0029 1

1 LJB
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0029 1

1 LJB
NS1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1428 1

1 LJB

1502/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

No physical stress at all. In real use would want an adjustable computer chair to ensure sitting at a con
KSAIKG NBtFGAGS (G2 GKS NRo20® t SNKI LA FOdGAdI

nnt navt hlAanl, ac AnnAacnA hittina enanra har Thice in itealf wwine nat Aifficnilt hiit ~cAnilld imaninAa eAarma winth

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0336 1

1 LJB
Notes | had no stress what so ever

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1801 1

1 LJB

15/02/2018 13:15

15/02/2018 13:15
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Did you become physically fatigued or stressed throughout any of the test with the APRiodesre? 851
100 (O=verv stressed and fatiniied 00= no stress or fatinon®o

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0136 1

1 LJB 15/02/2018 13:15
Number Notes

Report§\Coding Summary By Node Ret Page 79 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Coverage Number
gate

DAfAr Niimhar

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0336 1

1 LJB 15/02/201813:15

Notes | had no stress what so ever
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.1550 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP odeajut&? 1100
(O=verv stressed and fatiaued 00= no stress or fatiaue)

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.1086 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout attyedaiest with the APP or haptic device1@0
(0O=verv stressed and fatiaued 00= no stress or fatiaue)

Internals\\ Shape AssemblyUSER TEST EVALUATION
No 0.1259 1

1 LJB 15/02/2018 13:15
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Notesc Not really, the only issu&as that the final block could flip over so easily, it did make me want to ¢
tintie flinnina it until it was hack in the carrect nosition thoiniah

Nodes\Fit for purposé 33
Document

Internals\\ Shape Assembly

No 0.1844 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP or haptic davi6
(O=verv stressed and fatiaued 00= no stress or fatiaie)

Report$\Coding Summary By Node Re Page 80 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.1159 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP or haptic del@
(0O=verv stressed and fatinuedl00= no stress or fatiaue)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION (3)

No 0.0021 1
1 LJB 15/02/2018 13:15



285|Page

Internals\\ Shape AssembiWUSER TEST EVALUATION (4)

No 0.0024 1
1 LJB

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0011 1
1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

15/02/2018 13:15

15/02/2018 13:15

No 0.0011 1
1 LJB 15/02/2018 13:15
Reports\\Coding Summary By Node Re Page 81 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

DAfAr Nimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0007 1

1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1599 1
1 LJB

15/02/2018 13:15

15/02/2018 13:15
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Did you become physically fatigued or stressed throughout any of the test with the APP iordemate? 1100
(0=verv stressed and fatiniied 00= no stress or fatinie)

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0020 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1673 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP or haptic davi6
(0O=verv stressed and fatiaued 00= no stress or fatiaue)

Internals\\ Shape AssemPlI\USER TEST EVALUATION.

No 0.1599 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP or haptic déd6
(0D=verv stressed and fatiniied 00= no stress or fatinie)

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0045 1

1 LJB 15/02/2018 13:15
FS1

Report$\Coding Summary By Node Re Page 82 of 12

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

Aggre-  Classification Coverage Number
gate

No 0.0012 1

1 LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1183 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued or stressed throughout any of the test with the APP or haptic déwi6
(0D=verv stressed and fatiniied 00= no stress or fatiaie)

Nodes\Fit for purposé 34
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0021 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0033 1

1 LJB 15/02/2018 13:15
NS1

Internals\\ Shape Asembly\USER TEST EVALUATION

No 0.0019 1
1 LJB 15/02/2018 13:15

Report§\Coding Summary By Node Re Page 83 of 12



288| Page

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimhAr

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.0021 1
1 LJB

Internals\\ Shape AssemblYfUSER TEST EVALUATION (4)

No 0.0024 1
1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0101 1

1 LJB
Number 90 Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0101 1

1 LIB
Number 90 Notes

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0570 1

1 LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 1315

15/02/2018 13:15

Sorry but | found working in the original table problematic so | removed it. Using the Tab or cursor keys

navinatina me consistantlv throuah the tahle.

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0018 1
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1 LJB 15/02/2018 13:15
Report§\Coding Summary By Node Re Page 84 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER THEEVALUATION

No 0.0019 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0018 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TEST EVALUATE@Niel Hajas

No 0.0012 1
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1 LJB 15/02/2018 13:15

Report$\Coding Summary By Node Re Page 85 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0013 1

1 LJB 15/02/2018 13:15

Nodes \Ft for purposé 35

Document
Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0021 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyHaptic TEST EVALUATION.Daniel Rivers

No 0.0013 1

1 LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblifUSER TEST EVALUATION (3)

No 0.0021 1
1 LJB 15/02/2018 13:15
Report§\Coding Summary By Node Re Page 86 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimhAr

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 0.0024 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblWUSER TEST EVALUATION Alex

No 0.0477 1

1 LJB 15/02/2018 13:15
| found it frustrating at the start but this subsided once used to theéaev

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0477 1
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1 LJB 15/02/2018 13:15

| found it frustrating at the start but this subsided once used to the device

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0010 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION lan Roberts

No 0.0018 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION jb

No 0.0020 1
1 LJB 15/02/2018 13:15
Report$\Coding Summary By Node Re Page 87 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAar Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TEST EVALUATION.

No 0.0018 1
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Internals\\ Shape AssablWWWUSER TEST EVALUATION

No 0.0045 1

100

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0158 1

95 Not stressed at all.

Internals\\ ShapeAssembly\USER TEST EVALUATION

No 0.0013 1
1
Report$\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
D AfAr NiwmnhAr

Nodes\Fit for purposé 36

Document

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 88 of 12

15/02/2018 13:3

Coded By Modified On

Initials
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Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0043 1
1 LJB

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0013 1
1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1
1 LJB

Internals\\ Shape AssembiWUSER TEST EVALUATION (3)

No 0.0021 1
1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION (4)

No 0.0024 1
1 LJB

Reports\Coding Summary By Node Re

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 89 of 12
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15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Coverage Number
gate

DAfAr Nimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1020 1

1 LJB 15/02/2018 13:15

Did you become physically fatigued tressed throughout any of the test with the APP or haptic devie20Q
(O=verv stressed and fatiaued 00= no stress or fatiaie)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1020 1

1 LJB 15/02/2018 13:15

Did youbecome physically fatigued or stressed throughout any of the test with the APP or haptic detia@
(0D=verv stressed and fatiniied 00= no stress or fatinie)

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0056 1

1 LB 15/02/2018 13:15

100
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0020 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0362 1

1 LJB 15/02/2018 1315

Nope, want to try it all again soon
Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0056 1
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1 LJB 15/02/2018 13:15
100
Report§\Coding Summary By Node Re Page 90 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate

Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0480 1

1 LJB 15/02/2018 13:15

I did not suffer from fatigue throughothe test.
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0012 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0089 1

1 LJB 15/02/2018 13:15
Numberc 10

Nodes\Fit for purposé&37

Document
Internals\\ Shape AssemblyEleanor NS 1 260-2017
No 0.0021 1

1 LJB 15/02/2018 13:15
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Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0081 1
1
Number-0
Report$\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
D AfAr NhiimahAr

Internals\\ Shape AssablWW\USER TEST EVALUATION

No 0.0011 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0011 1

Internals\\ Shape AssemblYfUSER TEST EVAIUDN

No 0.0757 1

1

LJB 15/02/2018 13:15

Page 91 of 12

15/02/2018 13:3
Coded By Modified On

Initials

LJB 15/02/2018 13:15
LJIB 15/02/2018 13:15
LJB 15/02/2018 13:15

I cannot think of anything that was to be stressed about or make you fatigued.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1
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1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1

1 LJB

Internals\\ Shape AssemblfUSER TEST EVALUATION.

No 0.0757 1

1 LJB
I cannot think of anything that was to be stressed about or make you fatigued.

Reports\Coding Summary By Node Re

15/02/201813:15

15/02/2018 13:15

15/02/2018 13:15

Page 92 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1

1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATIONgreg

No 0.0754 1

1 LJB

15/02/2018 13:15

15/02/2018 13:15

Notes¢ Not redly, | only used the device for 5 minutes, was not long enough to cause any sort of fatigue
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Nodes \Fit for purposé 38
Document

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0508 1

1 LJB 15/02/2018 13:15
Notes¢ Nothing to note here; The device and APP were both easy to use.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0011 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 00011 1
1 LJB 15/02/2018 13:15
Report$\Coding Summary By Node Re Page 93 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0020 1
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1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblWUSER TEST EVALUATION.
No 0.0018 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0013 1

1 LJB 15/02/2018 13:15

Nodes \Fit for purposé 39

Document

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0013 1
1 LJB 15/02/2018 13:15
Report$\Coding Summary By Node Re Page 94 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refe- Coded By Modified On
gate Of Codin¢ ence Initials

D AfAr NiimhaAr

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0065 1



301 Page

Number 90

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

Number 90

Internals\\ Shape AssemblYUSER TEST EVALUATION

No

0.0065 1

0.0020 1

Nodes\Fit for purposé4

Document

Internals\\ Shape Assembly

No

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No

0.0021 1

0.0013 1

Reports\Coding Summary By Node Re

LJB

LJB

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

Page 95 of 12
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15/02/2018 13:3

Aggre-  Classifcation Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TESTAMJATION (2)

No 0.0035 1

1 LJB 15/02/2018 13:15
code

Internals\\ Shape AssembiWUSER TEST EVALUATION (3)

No 0.0021 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATKON

No 0.0024 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0011 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0011 1
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1
Report$\Coding Summary By Node Re
Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0007 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1

Internals\\ Shape AssemblYUSER'EST EVALUATION

No 0.0020 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1

Internals\\ Shape AssemblyUSER TEST EVALUATION.

No 0.0018 1

LJB 15/02/2018 13:15

Page 96 of 12

15/02/2018 13:3
Coded By Modified On

Initials

LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
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1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1
1 LJB 15/02/2018 13:15
Report$\Coding Summary By Node Re Page 97 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0012 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AsembIyW\USER TEST EVALUATION

No 0.0013 1

1 LJB 15/02/2018 13:15

Nodes\Fit for purposé&40

Document

Internals\\ Shape AssemblWUSER TEST EVALUATION Alex

No 0.2304 1

1 LJB 15/02/2018 13:15
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While 1 found the device nice to use | felt the app could be more polished but this | guess is expected fc
totype. The only concern | had is that there are real RSI risks from using a device and app such as this

nAarinde Af timAa Ae | Aanhrniednlic fAar A chAarrk nAarind Af timAa | Aid nAat havA A nreahlam it | Acan ceAn it kAl

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.2304 1
Report§\Coding Summary By Node Re Page 98 of 12
15/02/2018 13:3
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

DAfAr Nimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1

1 LJB 15/02/2018 13:15

Nodes\Fit for purposé41
Document
Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0011 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblWUSER TEST EVALUATION Alex keable

No 0.0011 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyfUSER TEST EVALUATION jb

No 0.0020 1



306| Page

1
Report§\Coding Summary By Node Re
Aggre-  Classificathn Coverage Number Refer-
gate Of Codin¢ ence
DAfAr NiimhAr

Nodes\Fit for purpos&42
Document

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1

Nodes\\ Fit for purposé43
Document

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1

Nodes\Fit for purposé44
Document

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 00020 1

LJB

15/02/2018 13:15

Page 99 of 12

15/02/2018 13:3

Coded By Modified On

Initials

LJB

LJB

LJB

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Report§\Coding Summary By Node Re

Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence
DAfAr NhiimhAr
Nodes\Fitfor purpose 45
Document

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0020 1

Nodes\Fit for purposé5
Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017

No 0.0021 1

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0013 1

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0019 1

Reports\Coding Summary By Node Re

Page 100 of 12

15/02/2018 13:3
Coded By Modified On

Initials

LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15

Page 101 of 12

15/02/2018 13:3
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Aggre-  Classification Coverage Number Refer- Coded By
gate Of Codin¢ ence Initials
DAfAr NiimhAr

Internals\\ Shape AssemblyUSER TEST EVAIUDN (2)

No 0.0199 1

1 LJB
Number rank (0100) O=poor 100=excellent.

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.0021 1
1 LJB

Internals\\ Srape AssemblMWUSER TEST EVALUATION (4)

No 0.0024 1
1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0011 1
1 LJB

Internals\\ Shape AssemblyUSIR TEST EVALUATION

No 0.0011 1

1 LJB

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0007 1
1 LJB

Modified On

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Report§\Coding Summary By Node Re

Aggre-  Classification Coverage Number Refer-
gate Of Codin¢ ence

DAfAr Nimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0018 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1

Internals\\ ShapeAssembly\USER TEST EVALUATION.

No 0.0018 1

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1

Page 102 af2C

15/02/2018 13:3
Coded By Modified On

Initials

LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15
LJB 15/02/2018 13:15

LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TESVALUATION
No 0.0012 1

1 LJB 15/02/2018 13:15

Report$\Coding Summary By Node Re Page 103 of 1:

15/02/2018 13:3

Refer- Coded By Modified On
Of Codin¢ ence Initials

Aggre-  Classification Coverage Number
gate

D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0013 1

1 LJB 15/02/2018 13:15
Nodes\Fit for purposé6

Document
Internals\\ Shape Assembly
No 0.0107 1
1 LJB 15/02/2018 13:15

Question

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0067 1

1 LJB 15/02/2018 13:15
Question

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0098 1
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1 LJB 15/02/2018 13:15
Queston

Internals\\ Shape AssemblfUSER TEST EVALUATION (2)

No 0.0194 1
1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?
Report§\Coding Summary By Node Re Page 104 of 12

15/02/2018 13:3

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NiimhAr

Internals\\ Shape AssembifWUSER TEST EVALUATION (3)

No 0.0105 1
1 LJB 15/02/2018 13:15
Question
Internals\\ ShapeAssembly\USER TEST EVALUATION (4)
No 0.0124 1
1 LJB 15/02/2018 13:15

Question

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0059 1

1 LJB 15/02/2018 13:15

Question
Internals\\ Shape AsembIy\USER TEST EVALUATION

No 0.0059 1
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1 LJB 15/02/2018 13:15
Question

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0070 1

1 LJB 15/02/2018 13:15
Question|User test

Internals\\ Shape AssembM USER TEST EVALUATION
No 0.0093 1

1 LJB 15/02/2018 13:15
Question

Report$\Coding Summary By Node Re Page 105 of 1:

15/02/2018 13:3

Coded By Modified On
Of Codin¢ ence Initials

DAfAr Nimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

Aggre-  Classification Coverage Number Réder-
gate

No 0.0103 1
1 LJB 15/02/2018 13:15
Question
Internals\\ Shape AssemblfUSER TEST EVALUATION
No 0.0097 1
1 LJB 15/02/2018 13:15

Question

Internals\\ Shape AssemblWUSER TEST EVALUATION.
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No 0.0093 1

1 LJB 15/02/2018 13:15
Question

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0090 1

1 LJB 15/02/2018 13:15
Question

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0063 1
1 LJB 15/02/2018 13:15
Question
Report$\Coding Summary By Node Re Page 106 of 1:
15/02/2018 13:3
Aggre-  Classittation Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials

DnAfar Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0069 1

1 LJB 15/02/2018 13:15
Question

Nodes\Fit for purposé7
Document
Internals\\ Shape Assembly

No 0.0118 1

1 LJB 15/02/2018 13:15
User test
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Internals\\ Shape AssemblyHaptic TEST EVALUATION.
No 0.0074 1

1 LJIB
User test

Internals\\ Srape AssembI\ USER TEST EVALUATION
No 0.0108 1

1 LJB
User test

Internals\\ Shape AssembiWUSER TEST EVALUATION (2)
No 0.0163 1

1 LJB
1-100 (O=pook, 100 excellent) NS1

Reports\Coding Summary By Node Re

Aggre-  Classification Coverage Number
gate

DAfAr Niimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION (3)
No 0.0115 1

1 LJB
User test

Internals\\ Shape AssemblYUSER TEST EVALUATION (4)
No 0.0136 1

1 LJB
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15/02/2018 13:15

15/02/2018 13:15
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User test

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0065 1
1 LJB 15/02/2018 13:15
User test
Internals\\ Shape AssemblfUSER TEST EVALUATION
No 0.0065 1
1 LJB 15/02/2018 13:15
User test
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0028 1
1 LJB 15/02/2018 13:15
code |
Internals\\ Shape AssemblyYUSER TEST EVALUATION
No 0.0102 1

1 LJB 15/02/2018 13:15
User test
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0113 1

1 LJB 15/02/2018 13:15
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User tes

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0107 1

1 LJB
User test

Internals\\ Shape AssemblfUSER TEST EVALUATION.
No 0.0102 1

1 LJB
User test

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0099 1

1 LIB
User test

Internals\\ Shape AssemblyYUSER TEST EVALUATION
No 0.0069 1

1 LJB
User test

Reports\\Coding Summary By Node Re

Aggre-  Classification Coverage Number

gate Of Codin¢ ence Initials

DAfAr Niimhar

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0076 1

1 LJB
User test

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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Nodes\Fit for purposé8
Document
Internals\\ Shape Assembly

No 0.0075 1

1 LJB
code

Internals\\ Shape Asembly\Haptic TEST EVALUATION

No 0.0047 1

1 LJIB
code

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0068 1

1 LIB
code

Internals\\ Shape AssemblYUSER TEST EVALUATION (2)

No 0.0039 1

1 LJB
Number

Reports\Coding Summary By Node Re

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15

15/02/2018 13:15
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D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION (3)

No 0.0073 1

1 LJB 15/02/2018 13:15
de

Internals\\ Shape AssembifWUSER TEST EVALUATION (4)

No 0.0086 1

code

1 LJB 15/02/2018 13:15

nternals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0041 1

code

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

N

code

0] 0.0041 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssembM USER TEST EVALUATION

No 0.0163 1

tNumber rank (8100) O=poor 100=excellent.

Int

No

1 LJB 15/02/2018 13:15

ernals\\ Shape Assembl\YUSER TEST EVALUATION
0.0065 1

1 LJB 15/02/2018 13:15
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code
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DAfAr Nimhar

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0072 1

1 LJB 15/02/2018 13:15

nternals\\ Shape AssemblfUSER TEST EVALUATION

No 0.0068 1

cod

1 LJB 15/02/2018 13:15
e

Internals\\ Shape AssemblWUSER TEST EVALUATION.

No 0.0065 1
1 LJB 15/02/2018 13:15
code
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0063 1
1 LJB 15/02/2018 13:15
code

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0044 1

1 LJB 15/02/2018 13:15
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code

code
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D AfAr NiimhaAr

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0048 1

1 LJB 15/02/2018 13:15

Nodes\Fit for purposé&9

Document

Internals\\ Shape AssemblyEleanor NS 1 260-2017
No 0.0021 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 0.0013 1

1 LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0019 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblifUSER TEST EVALUATION (2)

No 0.0022 1
1 LJB 15/02/2018 13:15
75%
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Internals\\ Shape AssemblfUSER TEST EVALUATION (3)

No 0.0021 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblfUSER TEST EVALUATION (4)

No 0.0024 1

1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0131 1
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1 LJB 15/02/2018 13:15
Alex Keable Crouch

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0131 1

1 LJB 15/02/2018 13:15
Alex Keablg& Crouch

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0155 1

1 LJB 15/02/2018 13:15
Did you perform well using the haptic APP?

Internals\\ Shape AssemblWUSER TEST EVALUATION

No 0.0018 1
1 LJB 15/02/2018 13:15
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0020 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0019 1
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1 LJB 15/02/2018 13:15

Internals\\ ShapeAssembly\USER TEST EVALUATION

No 0.0018 1
1 LJB 15/02/2018 13:15

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0018 1
1 LJB 15/02/2018 13:15

Internals\\ ShapeAssembly\USER TEST EVALUATION

No 0.0012 1
1 LJB 15/02/2018 13:15
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAar Niimhar

Internals\\ Shape AssemblWUSER TEST EVALION

No 0.0013 1
1 LJB 15/02/2018 13:15

Nodes\Understanding
Document
Internals\\ Shape AssemblyUSER TEST EVALUATION

No 0.0906 1
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1 LJB 13/01/2018 10:08
| wanted to tweak the interface butdtamazng to think | completed the task in a short time

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0435 1

1 LJB 13/01/2018 09:52
As | only used this for a short period of time | did not have any problem

Internals\ Shape AssemblYUSER TEST EVALUATION

No 0.1034 2

1 LJB 13/01/2018 09:53

While the task was simple it was interesting to think what more challenging t asks might be accomplish
the rnhnt

2 LJB 13/01/2018 0954

The presence of the interface opens up exciting potential allowing VI students to participate more in de:
arricec in a variety nf madiilec tand hevnand intn emnlavment?

Report$\Coding Summary By Node Re Page 116 of 1:

15/02/2018 1337

Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
D AfAr NhimahAr

Internals\\ Shape AssemblfUSER TEST EVALUATION

No 0.1283 1

1 LJB 13/01/2018 10:00

| would suggest everye@works with this app It was easy to use, easy to understand. It only took me a fe
mintites to 1ise it

Internals\\ Shape AssemblYUSER TEST EVALUATION



325| Page

No 0.1291 3

1 LJB 13/01/2018 09:58
| worked great with this device antd interface. My understanding and aims were clear to me

2 LIB 13/01/2018 09:58
ALL easy

3 LJB 13/01/2018 09:58
want to try it all again soon

Internals\\ Shape AssemblfUSER TEST EVALUATION.

No 0.0252 1

1 LJB 13/01/2018 10:01
had no stress what so ever

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0389 1
1 LJB 13/01/2018 10:02
| found the interface very easy to navigate
Aggre-  Classification Coverage Number Refer- Coded By Modified On
gate Of Codin¢ ence Initials
DAfAr NhiimhAr

Noded\Useable
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Document

Internals\\ Shape Assembly

No 0.0604 1

1 LJB 13/01/2018 09:45
useful, could have had auditory feedbackfiged block

Internals\\ Shape AssemblyHaptic TEST EVALUATION.

No 03172 4

1 LJB 13/01/2018 09:47
Notesc | felt as if | managed to use the device and APP well

2 LJB 13/01/2018 09:47

In its current form it seres well as a testing tool, but its usefulness will only be established when being u
maore than testinn

3 LJB 13/01/2018 09:48

Yes the device was easy to hold and intuitive to use. | was impressed by the feel of the boundaries in tt
when converted to resistance in the device. Reina able to feel the weiaht of the nhiect was alsn a nleas

4 LJB 13/01/2018 09:48
The device and APP were both easy to use.

Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.1655 1

1 LJB 13/01/2018 10:08

It was all very interesting. | performed well even though when under pressure my sisght reduces. | felt ¢
there \wwAac nn nresalire tn 11ee the interface and | liked it

Internals\\ Shape Assenip\\USER TEST EVALUATION (2)

No 0.0376 1

1 LJB 13/01/2018 09:49
felt that | was able to perform the task set with the apparatus without major issues
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Internals\\ Shape AssemblYUSER TEST EVALUATION (3)
No 0.0316 1
1 LJB 13/01/2018 10:12
| found it useful, thaks Lisa
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0435 1
1 LJB 13/01/2018 09:53
Yes given the time | had however | felt it would be better with more time
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.0187 1
1 LJB 13/01/2018 09:55
Found | had few problems holding and using the device
Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.1097 1

1 LJB 13/01/2018 10:00

The interface was veryaler, | really enjoyed myself and the noises and movement was interwssting
Notes

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.1702 1

1 LJB 13/01/2018 09:58

| could see how this device and interface could be ugefall people, not just sighted which is amazing to tl
ahouit. Someanne thinkina of 11s sliaht imanired is amazina

Internals\\ Shape AssemblWUSER TEST EVALUATION.
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No 0.1047 1

1 LJB 13/01/2018 10:01
soon got the hang of jiand was able to complete the task. At first | tried to push the Avatar through a bilc

Report$\Coding Summary By Node Re Page 119 of 1:

15/02/2018 13:3
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Internals\\ Shape AssemblYUSER TEST EVALUATION

No 0.0924 1

1 LJB 13/01/2018 10:02
| enjoyed using the haptic app and | feel as though | could have performed better with more practice.

Internals\\ Shape AssemblYUSER TEST EVALUATION
No 0.1092 2

1 LJB 13/01/2018 10:03

| believe | performed well,as | could construct the shape required within 2 minutes without prior knowlec
extensive nractice with the device.

2 LJB 13/01/2018 10:03
Very easy to use, and hold




