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Abstract :

Dasign studants wha ara blind ar sight-impaired are facad with distinct
challenges when studying a viswlly centric discipline, such as design
practice. Students who are sighted use Computer-alded design (CAD )
which Is presanted wia high definition using a PC mouse. Howawvar,
dasign studants wha am blind ar sight4mpaied am not ablke o use
wisual display tec hnology; therefore, this ceates a bamer to access for
this community. The aim of this study is to pesant a f@ptic pototy p
trial (HAPT) dasigre d to assist design students who are blind [/ sight-
impairad, to inteRct with prototype assambly at the Cpen Unbversity
{CU}. The study spacifically assessad the user-feedback and the effimcy
of access to CAD inerface through the affordances of the haptic
intarfaca. The exparimant (ncludad two groups of paticipants ome group
inCludad students who were blind and sight impaired and the sscond
group students who vem classad fully sighted. Both gmoups were tested
in two conditions of haptic engagemant manwl and virtual. Tha
pEramters axamined were 1} time sat at an industry mcognisad timea
taken to assamble a “sketch model’ or prototype, and 2 noollision - the
number of collisions created by a collision algorithm which calculated any
randam collisions with the virtual emvirenmeant or o bppcts tham in.
Cuantiative results showed that there was little statistical difference
batwean either time or in a batween-group test. From this we c@n imply
that the haptic intarface had offered equal access to CAD for paople in
tha tral who wame sighted and biind/sight-impalied indisciminate of
thair sight acuity. Further future work using HAPT could be developad to
a wider audience and a larger more diverse mnge of sight impaired
usars. Futum work will focus on mew explomations of teaching using of
taptics for greater immersion for distance karners at the Cpan
University STEM labs.
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introduction

Since the creation of the gmphical user interbee [ G|, ponownced goosy Hully sighted, PC usem
have recognzed the sophisticated piclonal and graphcal deplays & an effective visually ked
interface, which ofiers access to many differentsoftware applications. As much a= a GUI B a usablke
and effective inteface forfully sighted uwsers, it holds barrer o people who are blind and sight
impaired dus © the visually centnc nature of the presentations of data. Globally, it iz estimated that at
ket 2.2 billion ppope have a vision iImpaiment or Blindness (WHO, 2019). Thie means that there &

the potential that 2.2 billion people may have difficulties accessing GUand therefor requime
altemative access to digital data. Alle mative access B uwsually inthe form of specialezed softwa e
which tenscrnbes text and imagery o sound or into baille. Mon-visual access to gaphics & often
provided by a verbal descrption through semen reader, which B not always a satefying solution as it
offerm a llage amountoftextwhich can overdoad the working memory. Baille devices deliver a single
line of Ballle to tmmscribe and representgaphic detall but not all peoplke who are Bind orsight
imm@miredar Balle wer. Peope with limited sight who wish to e computeraided design ((CAD) for
design purposes can find the vieual nature of the onscreen graphics difficult o access and to fully
appreciate viaasingle line of Braille or complex s ppech tmmeenptions. To fully access graphics, many
designem, with visual impairments, are elant onenkbming the scak of the gmphics onscreen, but

this can b= confusing &= it can dietort the image making it B unrecognisable. And people who ame
completaly Bind am unablke to make thie shift. In maponmse to the mult-modsl media, such as haptic

itouch-ked) devices have the potential to afford designers who are BHind or sight impaired greater
access to digiel inerface systems via touch and sound.

Haptics as a broad term and said to be demved from the new Latin hapticé (Science of Touch), Haptic
B ako known to be demied from the feminine Greek "able to come Into contact with,” from haptés
"Engibk" (verbal adjective of hapein "o fasten,” haptesthai "o Bsten (Memiam-Webster, 1921).
Today the term haplic 1z more madily related & mechanical and dig ital devices/interfaces which ar
engineerd to offer ler simulated tactie and kinassthetlic sensations. Through e s’ contact with
mcaptors placed an the body or within a haptic deviee, the haptic system can locate the distance
between wserand a vitual object in vifual space. The haplic augmented interface esponds by
creating a fomme esietance felt by the userthough skin or guidance e,

The application of haptica can b= sepamed into three main cakegones:

1) Gras pable: kinaesthetic devices in glove format which uzes force to mimic gnp; orgmound-
based devices which can lkbcate and inkemct with simulated sufaces and solid objects.

2) Wearablk: body-wom devices like the haptic vestor brace et

3) Touchable: peraining o buchscreens, smarn-phone sceens or tablets.
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Previous studies by ressarche s working with haptics have shown that non-sighted and sight-impaied
communities have been one of manmy communites who have been ablke to be nefit from haptic syatems
to s upport their cognitive mapof visual data (Brewster.S A, 2005; Hemh. M., 2005, Levesgue.,
2008iThe benefis of haplic technology are shown setwithin human-computer inlemctions (HCI)
comext (Budea G, 2000; Codies, 1968; Mosher, 1964; Stons R., 2000; Thrng, 1883) Howewer, it
has only besn in more ecent yeamr, that the tomue and leve kb Eedback has bBeen efined meaning
that the uzer receives more sensitive and adaptabie higher fidelity touch-based stimulus. The higher
fidelity in um, increases the wear maletc pprepions of being engaged and pesent inthe vitual

emyironment.

Ovarview - HAPT study

The HAPT study aimed to tackle the wakility Bsues of artdesign modelling systems oratudents who
amr blind arsight impaired. As a poof of conce @ study, the HAFT system & aimed to mepond to the
difficulties of kamer without sight or with sight imp@aiments to e ngage with computer aided design
(CAD) systeme using sendard GUI famewerks. Leing a high s pecification haptic device ((Geomagic
Touch™) and anauvgmented haplic orce inte face, HAPT allws the student who & sight-impaired /
blind to b= guided o touch or ‘ead” onscreen objects and move them into an assembled form. The
HAPT system provides a tactile version of standard CAD design prototy e assembly procedurss,
which usually are only conducted via vieual CAD systems. The poposed study goss some way 1o

facilitate dual sereory sccess within a visually centric diecipline such as design.

Research Questions

This study will use the oliowing two msearch questions:

FR21) kB it feaszible fora dual sensory digital system o mimie physical wer inte metion with
manual haplic prototy pe asze mbly?

RZ2) Can peopke who are Blind and sightimpaired be enabled to futher understand and
camy out specific shape assembly tasks using HAPT, within a standardized timeframe?

Background

Historical access to digital tech nology

Inthe eary years of computing (1980% ) people who were Bind could easily Bke part in inkem@ctions
with compuier which used command-line syatems. These systems were logical and mostly simple to
tmmelate into voice or Braile outputs. Since the introduction of Gl and the use of visual mebphos,
peope sight Bsuss have found it difficult o inlerpretand inte @ct with thie type of inleface. LEvesque
(Levesque., 2008) asserts that single directional input devices, &g, a com puter mouse, are unusable
by blind people dus to the ek of B-dirctional feedback and fo e guided one nation. Lévesque goss
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on to assert that we need to e interpretand rdefine custom inlefaces which will increase Hind users”
access to GUI, to make it more appropriate and to enable wer to eadily intersct with visual data
alongeide theirsighted peers. Tactile Eedback (haptics ) was noted by Lévesgue as something which
blind peope can radily exploit but he adviees designer/mseanchars working with touch-lked
technology that they should maintain userinputthoughout the develo pment pocess to assur the
feedback is appoprial or use (Levesque., 2008)

Digital haptics and culture

Haptics have peviouwsly been used in museums o Beiliete vistor” interaction with precious ardifacts
without damaging or reking the physical arifact. Haptics wed in this way offer visitors the chance to
gain a dee per understanding of the explom@tions of preciow aifacts (Brewster, 2005; Zimmer, 2007 )
has focused on a haplic interface as a tool to afiod geakrcultual access for non-sighled museum
viaitors. Before BrewsErs study, museums offered BHlind visittors physical facsimile modeks which they
could Bctuslly expore. The limtations of the physical facaimile atifacts was the expemee of

e producing exact co ples, thersby only offenng veitors small collection of artifacts. Bergamasco,
Frizoli, Barbagli (Bergamasco, 2002 jhave ako worked on Ectile exhibie in musesurms wing a virtual
haptic system entited "Museum of Pure Form®. Bemamasco's et al. study was less dedicated as a
too| for non-sighted visitoms, instead, they focused on faciltating vistor interactions with a lamer
selkection ofsculptural forme, but unlike Brewsters study, it & not limited to interactions pure ly with

amall scake objects and can offer fullscaled sculptures for viston to intsract.

Otherapproaches to cultumal haptic applications foocus on afs vis haptic systems which are deve oped
as a pemonalzed crealive tool. Arthlova (Lin, 2002) allbws uwses to press butlons and alterdiak to
increase or decrease hapltic sensitivities, whikt offerng a full gamut of dynamic viewing, suface
textural applications, and sculpting ools. Dynasculpt (Snibbe, 1958 ) creates new ways to presenta
mass of 30 objects inviftual space. Dyvnasculptenables user to draw lines which become tubularor
pipelines. The 30 object mass can ako b= deformed and manipulaled to create 30 model objects
which feedback properties of the object, e.g. weight, surace texture and reakime dynamic
manipulations, to users. Whikt bath the haptic appications (ArNova and Dynasculpt) offer innovative
ways b intemct with 30 objects and recognize tactile sufaces in reakHime, these aystems are not
able o encompass peoplke who are sight-impaired or blind. In the paper we intoduce Ha ptic
Application Prototype Test (HAFT). Inthie study the technology and inteface has been designed to
facilitate design students, who am blind orsight impaired, a greater tactile interaction with vidual 30

obects to Increase theirsemse of presence in the virdual & nvionment
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: Method

5 .

& Subjects

; Twenty Open Univemity design undergrad ustes paricipated in this study. The paticipants were

g subdiided into two goups of ten. Ther were four BHind students and s sight impaied students

1? wene azsigned to Goup 1. There weme ten fully sighted student assigned to Group 2. Moone in

12 Group 2 wore spectacks to comect low vislon Bsuess. Both gmoups were miked gender, groups with a
H mean age of 38yra- (35.6) Mone of the participant had wed any form of kinassthetic ha ptic

15 expenence priorto the test Mone of the participant informed that they had any other physical or

1? mental dizabkilties which would need to be considered or for further adaptions o b2 made oranything
13 which would prevent them from paricipating in the test.

i? Tha ethical principes from the Opan Unve ity were applisd to this study. Due conzentwas given by

all piicipants o take par, thers by comeent was gwven for all coded data was collated and published.
The participantz for this study wem advised that they could keave at any ime and they could ako
have breaks when needed throughout the tnak. Participants wemre not paid to take par in the tnalk,
but all expenzses were paid

Both gmoups were meruited o the study via the Open University student reseanch project pansl
(SRPP)data meords. Paticipants were seleckd fom a lamger set of listings using the flowing

zelection critena:

= |veland experience of design conce pt gene@tion (shown via their academic record and
s
« proven pofessonal skils indesign and prototype methodokgies, esablehed from a pe-thal

interview by a selected mesarch pansl).

EERUSRESHNEEERYUERERR

et

The fully sighled (Group 2) was classed as a contro| groupwhich wo uld offer a compamblke standard of
data from which to compar Goup 1 resulle. As this study was ‘a proof of concept trial’ using an
inclusive design fmmework, the samplkes of goup paricipant numbsrs were appopnakely skzed
accoring to appropiate HC and human Bctor studies which are commonhy Known to work with five to
s participants at any one time.

Table 1. Paricipant Demographics — sight acuity, gender, numbsr, dominant hand and age

Dominant hend
Participanis Mo, (Laft/Right) Agll [Yoars)
Malee blind n=2 5 213 A2vym 225 -
Malas skght sd

impained=3

EERLFRESNIEERELEGEREED
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Fomalkes 5 1/4 4Ty £14 9-
Females blind n=2 ad

famaes sight

Imipained = 3

Malas (FS)* 7 07  33ym+13.1-=sd
Females (FSYT 3 172 29 6ym + 5 5-ad
Tokal 20 20 37.9 ymet 8-ad

Ao of the £S5 maatticiinnk Aad b corfect o r ape conskavs vl speciacies and e nely cbesiied o folly sighied.

Instruments

Kinaesthetic single-point force haptic device — Geomagic Touch ™

In omer to select the correct form of haptc device for the HAPT study, the specific attnbules for all
uzers imnemcion wemr defined and analysed in conjunction with sevem| comme rcial offthe-shelf
(COTE) devices, Due o the inclusive nature of the study mErMce was gven to the sensory wer

interactions of people who ae blind or sight impaired. An audit of COTS haptic devices was camied
out and a summary showed that the haptic device neseded includs the following:

# eomilyopemted by a haptic novice,

= tooffer padicipgnts who weme blind or sight impaired sufficient force o effectively guide
them to s pecific home cue points and 30 objects In vitusl s pace.

= tooflerahigher mnge of degress of freedom (DoF) o increase the users range of access
into the vitual s pace via greater range and reach.

The Geomagic Touch™ device held a higher s pecification of Mewibn's ore feedback [ ger mnF) than
mostother comme cial devices. This means that users would b2 ofieed enough notabk bre pressure
to enablke them o a) tece the contour of 30 objects, B enablke gudance between home port - object
clguide usem, at speed, to assemble the prototype withina sendad set time and d) offer a stylus, a
knociwn and common tool in the design Industry. The Geomagic Touch™ device was finally justified to

hitps fmc manuscriptcent raLoomy B

Page&aof19



Page 7 of19

WS ae e hoLh e L h =

CEERUFFELSEEBRYERERR

EERLFRESNIEERELEGEREED

British Journal of ViEual Impai roeen t

b= the most appm piate device forthis study. Itwas the only COTS device b offerall of the s pecified
points and it offered wen 6 Degrees of Freedom (DoF). A highergrade of degrees of freedom means
that the haptic device can offer the user greater miational and reach move ment. For example, ha plic
dewvice with & DoF, such as the Geomagic Touch, would be able to offer uses a mimic of oitational
movement to that of the human joints and Endons in the am. Using the Geomagic Touch, usem can
engage more madily with objects to feel and trace the contours of 30 virtua | objpck onrrscreen. Added
to this the Geomagic Touch softwame could be adapted to enablke researchers o measure and tack the
A0 wirtual positioning wing B0oF (axe xy,z + mlational axe - pitch, oll and yaw). The tacksd
pos itioning data could then be mcorded and stored within the inte face. The positioning data could offer
reaedmhers fullercontact data o an exacting pointofeontct betvesn objects and user, meaning that
a full s pectrum of logged contact could be analyzed post-test. Thies was used to ascerain the efficie ncy
of the device and augmented inteface. To analyse this cross-matched data was checked fo ascerain
if the uzemr were comectly force guided to the pertinent progemmed shape contact points.

Figure 1 The Geomagic Touch ™ Device & Specification chart

Specification Touch

Fangs of motion Hand movement phiating at
Wkl

Stiffness wax k> 7300 in (1.26 Wmm)

Y-axk> 13.416n (2.31 M mm)
z-ao b 5. Blkin (102 Mmm)

Imterface Use

Poslion samsingfinput =, v,z (d b &l & noodes )

& Degiess of Fresedorm

stylus: gimbal] [rell, piie b, yaw (£5% linearity
eyl il by e b e

Materials and procedures

The HAPT st comieted of @ pre-tnal fraining appication, ollowed by two further tnak using two
conditions. Condition one = manuwal haptic {MH) and condition two = virdual haptic (WH). Both goups
wemn instrucked to complete both conditiors saring with the MH condition and moving on to the WH
condition. Each parcipant was requested o epeat each condition a total of three times.

Prototype object

The prototype object was pre-selected for the HAPT study and in the form of a chair. A specific style of
chairwas selected by the mesearchers for ks simplicity and modelled fom simple forms Inspired by the

hitps fmc manuscriptcent raLoomy B
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conic Gmopue chair, Bauhaus (1934 ). The Groupus chair B inspired by cubic forms uwsing ectangular
block arm resk and interconnected wooden lbop kgs which connect from back o front of the chair.
The HAPT chair was modalled on similar geometric metangular seats and amme  but was designed
without base chair lkegs, themiore momr akin to a ‘chake longue’ and this was done for brevity of
azsembly. The construction of the HAPT chair was 3x simple stocky ectangular block shapes (bBlocks
1-3), each BHockweas placed end to end. Finally, cneamch bleck seckedon topof Bock 1, the e by acting
as the backmresat of the chair.

Digital haptic familianzation {(pre-tnal) task

Pror to the main haptic condifion stz both goups wemr requested to complete a digital haptic
familanzation \sk. Goup 1 (peopke who are Hind & sight impaied) were permited to ouch and
expiome all manusl 30 bocks, and the haptic apparatus used prior to the commeancement of the formal
t=m ks in each condition. The digital blocks were examinsd withina bounded s pace using the Geomagic
Touch™ device. Thie was permited to allow for the lack ofsightand to offer a full me mtal picture of the
materialzs and technology wed. Inthe pre-trial st (Figure 2.) participant were rquested o pushand
‘pick-up- put-down’ the cube o the audio linked floor marke s, Both groupe wee asked o make full use
of the audio and haptic guidance in practice o become used o dual sermeorny input.

Figure 2 Pre-trial screenshot - pick up put down baptic tasks

Maviis! FAPT saf tor The MH tnal was inspired by the design industry standand prototype assembly
prcess. The aet-upconsieted of 4 x four 30 bam bleck shapes (p@lm-szed ) measunng 25mmx 23mm,
1z yellw arch, 2x red cuboids, 1% ve llow cuboid pleced on a tablke. The foundation block (ye llow cuboid )
was magnetically fieed to the tabke which gave wsem a firm base onwhich to builld. The Edicipant sat
comforEably in front of the Bock set up. They were presented with three foam Hocks placed inside a
wooden box which was ocated by the paricipants dominant hand. The participant was equesied to
initia lly select one cuboid from the bow, and o push it until itconneciled with the oundation block. This
process was then repeated untilonly the ach s hape was left. The final anch shape was then picked-up
and placed in the top of the foundation Bock which completed the sssembly. The dustion of the MH

hitps fmc manuscriptcent raLoomy B

PageBof19



Page9aofi19

WS ae e hoLh e L h =

CEERUFFELSEEBRYERERR

EERLFRESNIEERELEGEREED

British Journal of ViEual Impai roeen t

condition was setats minutes (max). The time was ecorded using a digital stopwatch and competion
was counted when the final Block wes placed. All aspects of the MH condition were meorded == still
imagery and dynamic video recods. In MHeondition both groupe we e requested to use the same pre-
defined haplic movement a) "push’ Bl pok upl/put down. All movement were practiced by each
participant in the pre-trnal pror to commencing each condition. Pardicipants were encoumged to
complete the tssk &= quickly as possible whilst trying o minimiees their accidental collsion contact
between shapes, .09, betwesn active shaps in hand and dormant shapes about o be picked Up

Virtua/ HAPT st ux T he VH set-upcomsisted of 4 x four 30D foam simulated blockshapes (palm-sEed)
measunng 25mmx 23mm, 1x yeliow ach, 2% =d cuboidk, 1x yellow cuboid paced on a BHe. The
blocks we e scanned from a 30 scanned image of the MH Blocks. Like MH the foundation block (yeliow
cuboid), butin WH the bock was locked to the vifdus| floorofa bounded box space. Vidual condition =
four foam block shapes (@Eim-szed) measuring 25mmx 23mm (1% yellow arch, 2% ed cuboids, 1x
yalow cuboid). The mdicipant was sat comforably at a standard computer - desk in front of the
Geomagic Touch device, The 217 sceen was specifically aligned with the Geomagic Touch ha phic
device for ease of each. On the starkup screen, a bounded vitual environment was presenied. On
start-up, the screen featured two blocks 25 ® 4 x 23mm (zimulated colord fam shapes). Paticipants
we e equested to use the single- point stylus in theirdominant hand to pushone shaps untll it connected
to the foundaton bock. Each time they needed a new shape they could summan it by de pressing the
spacebar on the keyboamd. This process was repeated untll the final ach bBlock, which was simply
picked up aided by magnetic force. The arch was then slacked on top of the foundation Block. Each
time a participant connected the stylus 1o a new block that block became live and pinged, the st of
the blocks emained inactive and static. This ekement was to guar against users accidentally picking
up the wrong sequence of bocks or mom than one block at one time. The duation of the assembly
ta=k was again set at five minutes and the time of the trial was mecorded on a digital stopwatch
embeddead in the vitual inlerface. The allotted time of five minutes would comme noce on connection with
the first block. The WH was then designed to shut down on aither the connection of the last block or

when the time @n out.

HAPT Additional assistive cues

Cine of the many advantages of wing haptic device and haptic augmented inkerface is that we could
add vaned assEtances designed to s pecifically enable people with sight dizabke ments to use the same
syatem &= non-deablked people. Within the augmented interface we wemr ablk to offer the follwing

assEtve cues:

# |ncreased ore b aid speed of tas k completion

= Additional akrt sound cues (nonspesch - beeps)

hitps fmc manuscriptcent raLoomy B
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# Guided push fore forshaps connection
= (Guided dreg force to ald kbcation ofshapes
= Bounded space to confine the working s pace and aid quicker shape location

= Realswornd environment sounds uwsed to aler sound indicators when stylus connected with

wirtual floor, wall &.g. sounds mimicked shiny rubber floor weing squeak sounds

The we of multikeesory (mMultFmodal) and added forces wer Eed b add assetances to aid the users
azsembly of the prootype. The sounds were designed o link uzem more cleardy with the virusl
emdironment and objects, the mfore inceasing the users presence within the emdimnmentand to offer
guidance akrts eg. the claer the individual pushed the shapes together the Beter the sound "bess.
There was a sound connected to the call of @ new shape and the sound stopped when the wer
connectad with the shaps, to denote they had contact with the shape. There wer sounds and added
force o the explom@tion of the bounded rcom space in which the shapes were ke e.g floor, walk,
and ceilings of the space. The floorfvall offered a mimic fore of a solid plane offerdng no pliability. All
floom, walk, and celling weme zsolid, which was diferent & the Eeling of the spongey foam shapss,
themfore it offered anctherway o sssist users to distinguis h betwesn sufaces and shapes.

Figure 3 Multi-Modal shapes showingsound and force feedback

For brewvity, simplicity of inte mction three salient actions was selected for primary interaction process in
MH and WH conditions. These actions wem push, pick-up and put-down,

Fipure 4 Pishaction MH (mamsal haptic condition)
Figure 5 Push action Yiral haptic (YH)

hitpy /e manuscriptoentraLoomy By
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The “push action” was selkected to use as the main action over the senal "plck-up” and “put dow ™ action,
Thie was dus o brevity and ease of the push action over pick-up and putdown. The push action was
ako considered momr werfrendly to participant in group 1, & it mainkeined the shapes © b= in
consistent contact with solid baszse e.g. floorof the bounded space. Thermby allowing peope in Goup 1
to understand the block kocation and wing the audio they could understand the shapes proximity to
other shapes. Al ppicipants confimrmed that the action was easy to undemtand and compleled it
succeasfully throughout the essembly tasks.

Feedback evaluation procedures

Curng the MH, VWHtrials, a test facilitator e ncouraged all participant to use the “think-aloud” technique
during their tnal inemctions. The think-alkud technique was wsed throughout the whole tnal in all
conditionz. The technique is @ common usercentered tool ofien used by meesamhers wihing to
understand the intemal processing in the minds of the participant, often used in BETA testing and
alongeide Bchnolkegy probes within HCI fie lds. The feedback conversations wem recored franscnbad
and coded from each paricipant. The second setoffeed back data was collated after the all triaks were
over, Paticipants wemre presented with a short multiple-chokce questonnaie, presenked via sceen
mader. Ashort Lickert Scale 1-5acale questions we e abo used, set amound the appro prstion ofha ptics
as an assitve tool (zee figure (x). For Blind participants, the e was the option of a thal facilitsto rto help
them respond to the questions vis a standard (non-Brailke ) keyboard.

Figure & Q) vestionraires, Lickert Scale and Multiple chaice

Lickert Scale 1-5 (Theme: Hard ling)

01, Fow we ll did HAPT ot r the hand ling to the prototype asembly process?

02. To what extent do youthink the haptic feedback aided guids nce tothe abjpcn?

03, To what extent do youthink the haptic force helped to puehobjects?

04. To what extent, ifany, did using the haptic device inc rease your a bility 1o nte ract with the application?

5. To what extent, ifany, did using the TR plede Piere aibs g 7a Lo omy BV

Multipleholce g uestlons [Theme: applkation)
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Data Analysis

The metncs used for HAFT tnal in each condition were fmeand numberofcollzions. Time was
messurd acmoss all terations, ineach condition, foreach paticipant (3x2x10=nE0 (x2=120), there by
the data yield for time was 120 data =ets, these were analysed using SPSE(v21). The ime data
avemge for both goupE were then analysed in a betwee ngmup analysie using Mann-Whitney U non-
pammetnc test. The second metric leed was the numberofcollsions focodizon) the was examined
from a data yviel of 120 data sets. Colleion we e defined a2 any momentwhen a participant
accidentally collided an active shape (in-motion) with a dormant s hape. Added o this the numbsr of
collsions wer rcorded as any accidental collsion with the bounded walls, floor in the virdual
emvironment. The e of colleion data was & highlight the efficacy of fome guidance of the hapic
device and o estableh the o peational abilties of the augme nted interface in conjunction with the

device.

Cualitative

The qualitative data, taken pror, during and after tnaks, was processed using MV vo (wE3). The date for
both gmoups, was tmmecnbed from ecordings coded and eviewed, analysed foremement themes.
First leve| date analysis showed thatthe mostcommonly e peated words were "easy’, and the second
two were ‘understandable’ and ‘inlenssting’. Further analysis of the themes mvealed some sub-theme
heade s on” foo/ tee "we e, sabllty, undastanding, and fit for purpose. Furtheranalysk offered
phrases such as "Ohthis s easy”, "this holds eal potential foruze” and “more fun than lexpected”
when working in the WH condifion. Analysis from YWH pre-frial offersd that some paticipants were
initia lly wary of kboking stupd by being unable to pek-upor put-down the objects in the deaired

bcations, however, this did notextend into the main tnal.
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Agreements (moderate and extreme)

Cine day after the tiak all pEdicipants were interviewed to establish their eflective thoughts on the
teat. A quasistructured inte rview was used and asked open questions about their overall experience
of uzing the haptic, whether it aided their tas ks, if they could feel the shape mass clearly, whether the
azsiptances had aided or hindeed progress and if they would we itagain. From the participant
content analys s of interview data, there was a moderate agreement by Goup 1 participants that they

would use the tool again, and they could perceive the mass ofthe geometric shapes on the sceen
and that they could understand the assembly technjues == it was ascribed to them.

Participant Mon-sighted NS9 stated

“It wam satefying accomplihing something which | had thought impossible or at the keast very difficult

in a elatvely ey manner.
He wenton to say:

“Maowving from a mental picture to creating a prototype was satisfying. Without the interface, | cant
conce e how the task could b2 accomplehed on my own. Only [sic] anctheralbernatve would have

been asighed assietant o do all the work™. (ME9, 2018)

There was ako ashard agreement acroes all groups that s pecifically uwing the single point
kinsssthetic device [Geomagic Touch) mads the process simple and intuitve to control. However,
one participant NE8, indicated an innate need to use both hands to inke mct with the virtual 30 objects
onscresn, NSE stated:

“It weas abo somewhat confusing at the cognitive kevel, that whilke holding the pen in the nght hand and
clearly Eeling a virtual wall, the kft hand did not fes| anything”

The fully sighted goupshowed a lesseragreement with how well haptics offered a mo e refined
semse of pessume and ouch than 20 graphics tools. They noted s pecifically thatwhen the probs
connected with the wirdual walls and objects, they could just about pe e e that they wers touching
the walk and floor but more from the sound changes. However, they stated that they could tell that
the shapes were mimicking foam rubberthrough the tactile perceptions being softer in surface than
the envimnmentwalls. They appeard surpreed at the convinzing noke Bedback of the end-effector
as itconnected to the bounded wall, paricipant FS5 commenied, “the device was easy to hold and
intuitive o use. | was impressed by the feel of the boundaries inthe inteface when convered to

mesistance inthe device™, “Being abe b fesl the weight of the objpctwas alzo a peasant surprise”
(F55, 2018; FSE, 2018)
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Questionnaire data (guantitative)

From the Lickert questionnaie them was a comse nsus of mode mte and extreme agreement between
Group 1 (blind and sight-impaired) was setamound the inital pereeptions of the haplic device and the
actual perceptions from using the tool, 50% of Group 1 paticipants nofed that the interface and
device was easy to control which was contary to their pre-tnal statements. It was evealked that many
particifans beleved the inteface would equire high-level mathe matical or progrmming skill just to
uze and control the tool. Mext, analysing the Lickertscalk data showed that both groupe selkected a
pos itive scak of 4-5, forquestions surmounding hapic force feedback, interactivity, and handling of the
wirtual prototype InEeface and device. It B interesting to note that the fully sighted Lickertscale gaph
shows aslight decreese inacalk for questions surmunding handling and force (-1, -3) thereby
showing d sagres me nt with more questions than Blind and =ig ht-impaired paticipants. The multiple-
choice questions results revealed all 20w participank stated they would ke inteesied in being
involved in future deve lopments of the HAPT system, and that they wemr elatively surprised at the
eame of e of the HAPT sysEm.

As shown in Figure 7, for peoplke who are Blind and sight-impaired the stongerdeageements ae
indicated inthe pakrshades and high agreements with statlements ae shown indarker ones. All
particifants disagreed with the haptic causing fatigue, and there are mid to stong agreements with
force and guidance affording ass stance and support of task.

Figure 7 Lickert scale presenied as a stacked pbi graphic showing agreement (Blind and sight impaired )

Lickert Pt

L3trongly deagree 2.0eagree M3 .Neutral B4hgree B 5Strongly agree

bid uzing the haptic device cauze fatigue?

bid using the haptic device increase your ability 1o interact -_
- withthe applcation?
]
':il [ you think the haptic force he lped to push objects? -_
=5
-
T pa youthink the haptic feedback aided guids nce tothe -_
ahpcts?
Hoey we |l did HAPT offe r the handling to the prototype ._

adse mbly process?

Examining figure & it & shown that for peope who ae sighted there was lesserstrong agee ments and

more neutml agresments with the questions arcund the haptic foree Increasing and their ability to
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interact with objpck or aded guidance o the objects. These mesule concur with the user Eedback

during trials, and theirovemll mactons after the traks.

Figure & Lickert Scale presentad as astacked plot graphic showing agreeme nt (fully sighted)
Lickert Plot

L.5trang by d Bag ree Z.0eagrese M Heutral Hdshgrese W EStrongh agres

Oid uzing the haptic device cause fatigue ?

bid uzing the haptic device increase yaur ability o -_

= interact with the application?

Q

-

E O youw think the haptic force he ped 1o puth objects ? ._
o

[ you think the haptic feed back aided guidance 1o
the ohjeen7 T .
Horey w1 did HAFT offer the hand ling o the prototy pe ._

aze mbly process ?

Condition results (Quantitative)

Foreach gmoup peformance an average oftime takenand ncollision was taken ineach condition for
each group. The avemges were then used o compa e betwesn-goupe, s shown infigure 9 &10.
The rcorded average (timelcollision) rsults rvealed that both groups completed the tests were weall

within the standard fime limit of & mins, and with a low-medium numbsr of collsions.

Figure 9 Average time ken to complete manual and virtua | condition for Group 1and 2.

AVG TIME TAKEN TO COMPLETE MANUWAL AND WIRTUWAL
CONDITION TESTS

1.2 107 105

i faEcs
[
&

= awg time

manualavg  wirtualawg manialawg  virtualavg
graupl groupl g roup 2 group 2
condition and growp 1 &2
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Fipe 10 Avermge numbsr of collizions for manual and virtual conditions for Goup 1 &2

COLLISION AVG

35
3 —_—
= =
.- B=
? T = =
£ z = = = =
=
= e = — —
= ! | — |
:  , B = =
= = = =
03 = — — —
[ — [C— [y
= = = =
manual awy virtual avi mant al @ virtual av
aroup 1 Aroup 1 roLp 2 [roup d
= collisgon ki 7 : i

hagtic condlzlon and graup

Lking descriptive statistics (parametnc) s howed that there wasmt a normal distribution of data for
efthergroup lor 2 orvirtual or manual conditions ©or- time and ncollieion. Thersfore, we moved to a
non-pam metne teat The Mann-Whitney L test, this teat was wed to estblieh whether the e wasz any
slatistical diffe encing happening betwesn-gmoups. Meaning it was establehed that there was no
significant differe nce intime or ncollision shown by the people in non-sighted orsighted groups. Uesing
the st again showed neither was theme any difference in the resulls for both groups in Both

conditions (seeTable 2) (duation and collizion), & shown by the pvalues and zvalue.

Table 2. Mann-Whitney L test msule

+ Teat + Z resUlt + Povalis

+ Group! Duraton VP & MP « -1.06 = 028

« Group?2 Duration VP & e -1.37 « 017
M=
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Faraccumcy and quality further analys B was taken for nloMzon data. Cohems Kapmsa(K) was weed
asa messur ofcapturng actions accumately by two s, To do this initally the ecordings wers
tmmcribed for every every participant in MH and WH modes. The location date offered by the
progamming in WH condition was used as an ulimate check list. The film, the kbeation data madouts
we e then mcoded and analyzed by two inEr-Eter, the second-aters sample s e was cakulaed at
B0% of agreement with mter 1. Cohens Kappa (k) was used to calculate agreements and resulted ina
modemate agreement rsult (050). Ther was also an 85 % agrement with both mters to the beation
data. Owverall this shows that betwesn the two inlker-mEr them was a moderate agree mentofthe
numbsrof colle e made in both conditions. The numbsrofcollsion rates showed itk statistical

difierence betwesn-groups, and betwes nco nditio ns.

Discussion

From the HAPT trak with both groups, a geat deal has been leamed through okee rvations of Hind
touch behaviours, unigue touch adaptations, and novel tactile passve-active touch, obeerved in both
haptic conditions. Many observed examples concur with the exploratory procedues (EPs)
dizeminated by Lederman and Klateky (Blatzky. R., 2003) with s pecific mference to obeerved
occurmences of comta ur following in both manual and virtual conditiore.  Howewver, manmy of the EPs in
both conditions we e practical in nature and uwsed by blind and sight-impaired partcipant to aid their
peronal mentl mapofthe ocbjpctand envionment layout Other uniue fouch processes were used
to add value to the besic mentl mapand aid the indvidusk undemstanding of propeties and
onenmation e.g. pinching, fracing and encircling the shapes. Within the pre-tral pencd, blind and
sight-impaired wEer presentsd some of their unique forme of exploatory touch other than was shown
in Lederman and Klatzkys EPs (Klatzky R., 2003) e.g. diagonal (opposite comer to comer) and linear

edge tacing of one leading edgs.

R21) s it fessible for a dual sensory digie lsyste mto mimic physical user interactionwith manual ha plic
prototype assembly? The plot study showed that it B Basible b adapt a dualsystem o mimic physical
haptic inte mctions. The Eesibility has been s hown through time and collision” metrcs we e gained from
manual and digital haptic Blocks of Esting fom quantitative results it is wworth mentioning that although
there were some time difemnces between manual and digital friaks, due to manual haptics bsing a
knocwwn intermction fora number of years orall mrcipants, the difference was minimal (+/- 1 minue ).
Ciualitatively most participants stated that atthough they we e used b manual haplics, the digital haptic
conditionz felt easy to e and easy to activate the tasks.

R22) Can peopk who are blind and sightimpaired be enabled to futher understand s pecific shaps
azsembly Baks uzing HAPT, within a standamdzed timeframe of & minutes? Time metrcs showed all
participants were able to com plete the givien haptic tas ks within the time frame of & minutes, exce plone
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blind outlier, who achieved anexact 5 minutes. 1t B noteworthy that although the e were colleions with
the envimnment these collBione did not prolong the esting time beyond the given time frame.

Azide from the results, we feel thatthere B a much richer take-home-meszsage to be dissem inated.
The mainaim ofthie study was to exiend the accezs of CAD o people who are Blind and sight
impaired. It & stiking to note thatother than allemative text formats and screen made e ther s litle
azsitive technolkgies to aid people who ame blind or have sight impairments. Ther B even kss
adaped techno logy which had been adopled thatenabled Hind orsight impaired communities access
to vieually ed software such as CAD inan appled way. Lking HAPT msule wemr encoumging that
thiz was made possible and it has beenevidenced heme that between-gmoups sighted and sight
impaied there was insignificant statistical diference. Thie means that in the HAPT test peoplke who
amr blind and sight impaired have been exposed o the same CAD Bsks = people who are sighted,
and the msuls have shown litle difie e nce.

Previously, the assembly of pototype shapes leed single directional Eedback eg. PC mouse The
mowse would be pointed a shape and could move the shape butthe werwould not gainany haptic
feedback to confirm the action this was processed puely by sight, Theeby the e of single
diectional feedback iz inaccessible b ppople who are blind. To understand the CAD shape
movement the process mustether be tmamlated by allemative Ext or Braille. The other alternative
would be o offer people who are Blind orseverely sight impaired a human ass etant to suppo it CAD
modelling sssembly. Often, the intreducton of ancther person can confuse the channek of a
student’s creative agency and their creative handwriting in GAD.

Az a bi-dircton touch-led study HAPT was the fist of its type, at the Open University. It B expectad
that more like-minded haptic tnak will b2 eviewesd o aid people who are Blind or sight impaired. The
study has shown that Blind and sighi-impaired partcipants specifically ound the tnak “sasy to
opem@ke”, and they were “inepired and inleested inthe we of haptics to augmenttouchand to
enhance the inlEmctions of the design process inthe future”.

Inclusvity was at the rootof HAPT and as such the qualtative meuls wemr very encoumging, in that
thee kB agreatdeal of agreement for each of the three the mes “usability, undestanding and fit for
purpose’. Ther was a slightly geater agree ment under the the me of wakbility by sight-impaired and
blind pardicipgnts over fully sighted participants. Thoug ho ut the test, the think-aloud feedback and the
post-tral feedback both offered ins pinng positive comment from all paricipants, but the most
ewarding comments came from goup 1 parlicimane who were inte esied in undestanding how they
asz sightimpaired wer could gain a similar digtal haptic system to Incukate into their own design

conce [t geneEtion process.
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Limitations

There are several imitations associated with thie study. A lbngitudinal essarch study may help o
understand the longe ~em impact of hapic benefits and allow more paticipants in lBgergoups o
feedbackon theirown novel touch led interactions, and how thie may difier sccomring to factors such
as the degee of theirvieuval impairment. Impactsuch as Eaming increments may ako playa factor in
a longitudina | study and more user-led work would e nable the HAPT system to be more flexible and

ennch the wer unigue we of the digital haptic inte mction.
Conclusion

Contribution to practice: recommendation s for the training and teaching sector

and wider use

The aim of this study was o gatherqualitative, narmtive data and quantitative metrics 1 present the
accumcy and expenence by people who are blind sight impaired and to enhance their use of CAD.
The lite mture offered a namative through curment llemtue on haptic adaplations o break down
access to digile| vieual data. The findings enablked the eseamch team at the Open Univeeity to gain a
desper undestanding about the goupe mactions to a novel haptic InkEmction and their personal
appmaches to tactually using the HAPT syetem. The most interssting, but unexpected esule, wer
how bBlind and sight-impaired individuals worked with HAPT Ina unigque and pereonal tactual manner.
Ciur appmoach was to offer novel ways o exte nd access o vitual space and vitual objects which B
flexible enough to allow ©or interactions for people who are Blind and patially sighed. The wider
contribution of the Open Univesities haplicsystems to ppople whom ame blind and sight-impaired,
may offer new ways to interact with teaching and leaming matenak in a mome applied’ hands on
appmoach. Thie means that in future barrier o high-kevel applied technologies in the OU, could be
lifted. Looking further forward the HAFT syate m could ako offer the potential o enhance how peope
whom am Bind or hold sight impaiments may orientate amund public buildings or public areas such
az alrporzs. The HAPT aystem albwed user to maximize the amount of contour folkosw ing access but
work would be needed on how to tag or bbsl objects Ina vitual mapofa space to aid the users
mental processing of the mapand objects therein.
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