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ABSTRACT

I n todayos new media age, there are const
technology. While this is indeed an expedient progness)y is the attention given on the

debilitaied multitude. Anyoneis likely to undergo functional limitations at some time in our

life, due to biological and nebiological causesDiscountingthe mortality factor, the most

common bans ageing. Aside from physical and sensory changes, age isltytfdiated

with the decline of cognitive function. This increases the inclination for elderly to suffer from
Alzheimer disease or dementia.

Demographic trends on the constant grova@éingpopulation and dementia cases
a worryingdepiction, ast he di sease induces destructive I
and everybody around them. One of the most obvious deficits that we highlight in this study
is on their wayfinding/navigation problem. The decline in spatial navigation skill is
interrelaed with the mobility, autonomy, caregiving burden and eventually
institutionalization.

In providing better or optional acquisitions, designers should contemplate the
inadequacies of a specific design, so that the decisions for preponddcancedisreged
i ndividual 6s abil it i-edusie designd wossarbtheir limitatiens. as
Hence, from the viewpoint of desigmd technology, the study aintsunderstand the decline
of wayfinding ability in elderly with dementia in order to fitite possible ways to assist or
improve it. The theoretical construct was fortified with series of literature reviews on: (1) the
stressed issuas mobility-related disabilitieaind(2) related work®n wayfinding strategies,
assistive and wearable teclogies.

Discoveries from the theoretical requirements initiated the design project as an
intervention to alleviate the difficulties of elderly with dementia during the outdoor
wayfinding, grounded on Us&entered Design and Inclusive Design philosopHimlike
common approach of using visual and audio interactions as conventional navigation systems
the proposedhnovative elements in the concept are: (1) the integration of haptic signals, and
(2) the wearability aspect

The design project went througfree main phases of developments with each phase
featuring its individual strategy of assessments: (1) a survey aimed to investigate the

perception andcceptanceof dementia experts and caregivers towards the proposed design



concept, (2) a usability $& with target users (subjects in diverse dementia sevaiihgd to
evaluate the utility of the first developed device prototype, and (3) second usability test with
the target users from different grapocusing on the wearability aspect of the proty p e 6 s
refined version.Collective results demonstrate thidwe straightforwardyetintuitive plus
wearable features of the device are appreciated, and in some way augment the sensing of
haptic signalsThis suggests thdiaptic stimulus can be a usefutrio of navigational signal.
However, user familiarization is highly essential and influences the success of the
intervention.

Improving the wayfinding abilityis about prolongingmobility, preservingthe
performance of daily activities, and ultimatdgadng a good quality of lifewhich is an
important survival factor for the patients. In a broader view, the study t¢atérs critical
issues by means of developing the design projectshdilized as a platform to validate the
hypotheses and researghestionsemergingfrom theintensive analyses of previous works.
Despite the disclosures of promising findings from the theoretical constructs until the series
of evaluations, comprehensive analysis of market research and planniatyceessential
before this intervention could be commercially implemented.

The study encourages further interdisciplinary researches thetge the
investigations on related topisach aglisability, health and agingyhile from the design and
technological perspectiydesgn for disability, assistive technology and wearable technology
themesare looked ugso that the beneficial outcomes of interventiars extendable wider

and diverse applications.

Keywords: Assistive TechnologyDesign for Disbility; Cognitive Immirment; Older
Adults Navigation/Wayfinding; WearableeEhnology



SOMMARIO

Ai nostri giorni,emergonacontinue scoperte nel campo del design e della tecnologia. Mentre

ci0 rappresenta un grande progregsr la maggioranza della popolazipnamamente
l'attenzione € focalizzata verso le persopa disabilita Chiunque,durante la propriaita,

puo incorrere in limitazioni funzionali sia per cause biologiche che non biologiche.
Analizzando i fattori di mortalitail piu conune | 6 i nQlteecaccambiamentin t o .
fisici e sensoriali, | 6avanzare dell "et ™ i
Questo aumenta la possibilita per gli anzianswdluppare il morbo di Alzheimer o piu in

generale varie tipologie diemenza.

Il cosant e i nvecchiamento della popolazione
delineano un quadro preoccupante, in quanto la malattia comporta implicazioni distruttive per
la vita del paziente e di tutti coloro che lo circondano. Uno dei deficit piu evidenti che i
ricercatore ha evidenziato in questo studimno le difficolta che sincontrano nella
navigazione (o wayfinding). La diminuzione delle capacita di orientarsi nello spazio sono
direttamente correlate con la mobilita, I'autonomia, la necessita di cpeetdadei caregiver
e, infine, l'istituzionalizzazione degli anziani.

Nel proporre strumenti o sationi migliori e alternative, i progettisti dovrebbero
tenere conto delle abilita e delle disabilita dei singoli individui, per evitare di proporre
soluzioninon i nclusive che ne |limitano | 6efficac
della tecnologia, lo studio mira a comprendere il declino della capacita di orientamento negli
anziani con demenza al fine di trovare i possibili modi per assisterli goraigle queste

capacit?” compr omesse. ! framewor k teorico
letteratura su: (1) le problematiche legate a compromissioni della mobilita dovute a deficit
cognitivi (2) studi sulle strategie di suppo | | 6 or i e nel cammpo elle wearable

technologies.

Il quadro delineato nei requisiti teorici della ricerca ha fatto si che il progetto di
design sia iniziato come un intervento per alleviare le difficolta degli anziani con demenza ad
orientarsi nel contest urbanmasato su un approccio Usgenterece Inclusivo. A differenza
degli interventi gia realizzati che utilizzano interazioni visive e uditive come sistemi di
navigazione convenzionali, gli elementi innovatiproposti nel progetto sono: (1)
l'integrazione desegnali tattili, e (2) I'aspetto della vestibilita.

Lo sviluppo del progetto ha attraversato tre fasi principali di sviluppo, ognuna con una
specifica strategia di valutazione: (1) un sondaggio proposto a operatori samjearatri
volto a indagare lpercezione e l'accettazione del design proposto, (2) un test di usabilita con
dei potenziali pazienti (soggetti con diverso grado di demenza) volti a valutare I'utilita del
primo prototipo del dispositivo sviluppato, e (3) secondo test di usabilita garanti, con
particolare attenzione verso l'aspetto della vestibilita ed effettuato tramite una seconda
versione del prototipo. | risultati ottenuti dimostrano che il funzionamento semplice e al



tempo stesso intuitivo, assatba | | 6 i n d o s s asiivo,lsdna stati aperézzatil Nedlg
specifico, questa peculiarita ha in qualche modo aumentato la percezione dei segnali tattili.
Cio suggerisce che lo stimolo tattile puo essere considerate un segnale utile al fine di
supporare le capacita di navigarie relle persone con demenza. Tuttavia, la
familiarizzazione dell 6utente con il disposi

Migliorare le capacita di orientamento puo prolungare la mobilitd, preservando lo
svolgimento delle attivitd quotidiane, e in ultima asialhumentare la qualita della vita, che e
un importante fattore di sopravvivenza per i pazienti. In una visione piu ampia, lo studio
affronta le criticita mediante lo sviluppo di un progetii design che é statdilizzato come
uno strumento attraversalicconvalidare le ipotesi e le domande della ricerca che sono
emerse a seguito dell éanali si di studi prece
dal |l danal i si teorica e dai successi vi test
ricerche di mercato risulta essenzialaffinché questo strumento possa essere
commercializzato.

Lo studio incoraggiaulteriori ricerche interdisciplinari chendaghino argomenti
correlati quali la disabilita, la salugel'invecchiamento, mentre dal pumliovista del desige
delle tecnologie, il design per ldisabilita,] e @A assi st ielee thwehanrod bolg
t e c hnolnaongdo elsed risultati possano essere estesi ad applicgziwrampie e
diversificate.

Parola chiaveTecnologiaAssistiva; Design pddisabilita; Decadiment@ognitivo; Adulti
piu Vecdi; NavigazioneTecnologialndossabile
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CHAPTER

1 Introduction

1.1 General Introduction

It is without doubtthat one of the most fundamental requirements in designing and
developing new product, system or seegi@s to place users as tentreof attention. In fact,

this is what Usefentered Design (UCD) is defined as design processes in whiahsersl

influence how a design takes shdpg By bearing in mind the us

probl ems, the tasks for desi gndiy sesthebcamads sur e
even preference towards the users are certainly achievable. For example, by understanding
the limits of physically disabled people, the designed products should be able to be used by

these users with minimum physical effort.



Over the pst two decades, there are significant changes for both negative and positive
impacts in politics, social, economic and leggbhereghat open the vast opportunities for
design and technological interventions to serve the community. This is indicatdte by
increasein awareness and knowledge on the importance of hwgoarputer interaction,
information and communication technologies, intewfethings and other technologglated
platforms such as the media to bridgthe issuesbetweenthe community levis and the
possible solutions. Utilizing technologyg the appropriate manner could certainly be very

beneficial to every level of ag@sthesediverse communities.

However,asusersare often considered as theain consumersjsers with special needsd

unigue incapability as well as the senior citizeasealways been neglected view of the

design of commonly used or everyday products. Then again, the pressing need to design with
respect to older and physically disabled people should be furtbeurmged and addressed.

This is principally due to the fact that the population is continuously ageing.

Ageing ppulation is not uncommont exists inalmost all the countries in the world.
According to the report by the United Nations on World Pomraf\geing 20132], the
segmentof older people agk 60 years or ovehas globally increased from 9.2 % in 1990

to 11.7 % in 2013. This rateilwcontinue to grow as a proportion of the world population,
reaching 21.1 % by 2050. Ageing whichdaused bydecreasing mortality and declining
fertility [3] as well as with the improved medical care contributes to significant increases in

the number of disabled peop#y.

In parallel, older adults are typically experiencing the-ialged changes such akwer
cognitive functionsas well asthe decline of sensory acuity and physiotadicapacities.

What makes it worse ithat this deterioration of basic needs incremaas they grow older

[5]. The increasing number of people with disabilities influences the perspective of a
growing body of research on technological solutions or assistive technology for these specific
needs. In addition, it may lead 8o significant impact on the design and development of
assistive technology systems, while at the same time demosshatpotential and niche

markets for products designed for older and disabled people.

It is therefore apparent that the decisions tlog design mainstream and production of

everyday products, systesnor services should appropriately meet the necessities and not
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neglecting the disabilities shown by this group of population. One of the reliable strategies is
to understand what kind offliculties that limit the performance of their everyday task, or
Activities of Daily Life (ADL). The highlightshould begiven on the difficulties related to
mobility of older people and the intersected issues in performing the ADL, in particular the

wayfinding.

The key question raised itis research is on the possible ways to improve or at least
maintain the wayfinding ability (or capability to navigate) of older adults mainly with
dementia due to Al zhei mer 6s di soalgergpectvédD) fr
Wayfinding disabilities lead to many negative implications on these individuals, their
informal caregivers and society in general. The mentioned problem is further discussed in the
next chapter. Thus, as to answer the key question, tearobsin general aisto understand

the decline of wayfinding ability of thisegment opopulation in order to find possible way

of assisng them.

Existing and common wayfinding or navigation systems mostly use visual and/or sound
modalities as interfae. Based on the consideration of previous works and the emergence of
needs for alternative wayfinding strategies envisioned for the specific target users, a design
concept of assistive navigation device that integrates the haptic modality is propotes. At
time ofthis thesiswriting, thereis agrowing number of researebon the usef haptic/tactile
stimulus as a cue for wayfinding. This shows the potential of this alternative and
uncommonly used sensodgvicefor navigational purpose. More importgntmany of the

existing studies focus on mainly people with visual impairment.

In its initial stage, the proposed design project is prelimitagssesand comprehenthe
perception of dementia experts and caregivers. The feedbacks of primary asseseme
taken into accounts for improvement purposes. Aftat the working principle of the device
is designed and developed as a working prototype. This prot®ysed as an apparatus to
be tested on actual users. The Usability Testing (UT) demtespasitive results mainly on
the acceptance of the intervention and promigiossibilitiesfor the working principle of the

device to work on target users.

Nevertheless, introducing a new form of intervention is not an easy and straightforward task

it should be followed by continuous practices, constant uses, and proper training to get the
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users familiarized with the device system. Then again, the effect of learning process by the
people with dementigs indicated after several sessions with the devithis shows the
potential for this intervention to be further explored and commercialized. In the next section,
brief description on the contents of each chapter in this thesis is presented.

1.1.1 Structure of the thesis
This thesis is structured as follows
Chapter Oneintroduces the research in general in terms of the theme, emphasized issues,

motivation and the questions to be answered by the end of the research.

Chapter Two and Threeare the contributingparts of the theoretical requirement of the
research. They contain the main related works concerning the issues raised in the previous
chapter. Chapter Two highlights the common problems, difficulties, and even disabilities
manifested by the elderly with cognitive impairment due to dementia and tioufar on
mobility-related issues. On the contrary, Chapter Three reviews mainly on the previous
related works on technological interventions and the potential of using alternative modality

for wayfinding.

Chapter Four focuses on the design project fibre study. The proposal is based on the
consideratiorof the previous works as discusdeeforeand provides the possible solution for
the wayfinding problems. A preliminary assessment was conducted to assess the proposed

design solution in its initial stge.

Chapter Fiveis the main methodological part of the research. thedirst reporton phases
involved to complete the functioning prototype. This prototype development is important as it
is used to further assess the proposed design interveftiwn.chapter then presena
Usability Test (UT)result which was conducted using the functioning prototype on the

subjects with dementia who represent the real users of the intervention.

Chapter Sixpresents the improvemeint the design project based dre results of the first
usability assessment-urther development is essential especially for the commercialization

purposesas a good design project comes both with its practicality and marketability. The



chapter also reports on the second Usabilitgting conducted after the second prototype

development.

Chapter Severontains the conclusions and describes several aspects of the future works that
can be performed, including further investigations and improvements of the device.

Eventually the analys of its potential market is discussed.

1.2 Increasing Dementia cases among Elderly

In the past two decades, thegmentof the older population (65 years and above) increased
by 3.6% in the European Union (E{&]. In contrast, theegmentof the population aged less

than 15 years old decreased by 3[B} and the number of older population is projected to
exceed the number of children for the first time in 2[®7 Likewise, the worldwide number

of older persons is expected to more than double, from 841 million people in 2013 to
more than 2 billion in 2052]. At the moment, about twditds of the global older people

live in developing countries since the older populations in less developed regions are growing
faster. I n addition, nearly 8 in 10 of t he
developed regions by 205@]. Consequently, as the world population ages, the worldwide
prevalence of dementia of AD type was 26.6 million in 2006,iarsdestimated to increase

to 106.2 million by 205(7].

The worldwide aging of the population will more than triple the projected number of
demented persons between 2010 and Z8H0O]. Although there are some indications that
dementia incidencemay be decreasing, current data are scarce and inconcligiye
Dementia is an imptant cause of disability and dependence among older people. AD and
other dementias rank as the fourth most important disorder in high income countries after
depression, hearing loss, and alcohol abuse, for aljemes [11]. Among older people in
countries with low and middle incomes, dementia is the most important independent

contributor to disability.

The cognitive andehaviouralimpairments togetr with the physical and sensory changes
dueto ageing really addto the factors that cause them to be vulnerableumerousrisks,
including personal injuryHence the fulltime supervision is requiretich as the high level of

care with rounehe-clock supervision as equivalent to nursing homes or similar health



institutions Most of the cost incur is due to thisreful and intensive supervisiavhich

increassthe burderof their caregivers, either they live at home or institutionalized.

Accordingly, the worldwide costs of dementi@rewere estimated to be US$ 604 billion in
2010, and this may increase by 85% by 2(QB?). For instance, a report from the United
Kingdom estimated that the annual societal cost of dementia was at £23 billion, £12 billion
for cancer, £8 billion for heart disease, and £5 billion for stroke. The societal costs of
dementia almost methed those of cancer, heart disease, and stroke confBletiaking it

an important area to be further investigated.

Therapeutic interventions and pestive approaches which lead to even slight delays in the
onset and progression of AD significantly may reduce the global burden, in terms of
expenditure and caregivingpst of this disease. In the same way, delaying the oasdt
progression of AD by ogloneyear may reduce nearly 9.2 million AD cases of disease in
2050([7], which also decrease theed for highly intensive car€ognitive impairment is

more likelyto develop AD over time if it is not prevented in the earlier sfad¢[15], as
referred to fullblown dementia. Many therapies have intervened to helwithdils with
cognitive impairments to live their life and do the daily activities with less dependency. AD
is not curable but the progression of cognitive decline can be delayed in some appropriate

ways.

1.3 Cognitive Dysfunction of Dementia of Alzheimer tpe

Dementia is an umbrella term describing a variety of diseases and conditions that develop
when nerve cells in the brain (called neurons) die or no longer function norfhé]ly
Apparently, there are several types of commonly reported dementia which include Dementia
with Lewy bodies Frontotempor al l obar degene-ration
Jakob disease, normal pressure hydrocephalus, Vascular dementia, mixed dementia and
Al zhei mer 6s[l74li sease ( AD)

Yet, there are numerous established eaud dementia, of which AD is the most common
type of dementia, as it accounts for about 60% to 70% of all demghtja©ther than that,
vascular dementia represents 20% and dementia with Lewy bodies repre8ems1506 of

total cases. Then again, frontotemporal dementia could be as common as AD for individuals



below 60 years old. Due to this, many researchers refer dementia as AD and vice versa, in
their studieq18]. Like the other types of dementia, AD affects individuals differently. AD
patients experience the changesheirmemory,behaviourand ability to think clearly due to
neurons failure. The decay of brain function impairs the ability to perform even the simplest
everyday tasks. In addition, one of the earliest and common symptoms isfd&picted by

the worsening deteriorating ability to remember new information, |eedearn new things

[19] [20].

The symptoms emerge when the neurons ustalllgd in the brain region for developing

new memories fail to function normally. AD tygilly develops slowly and gradually gets
worse over the course of several yg@%F. Thus, the common symptoms that indicate the
diagnosis of AD can be categoed as: (1) the worsening of memory loss that interrupts daily
life, such as forgéing and misplacingthings, (2) difficulties in problems solving, judgment

and decision making, and performing the familiar tasks, (3) confusion of time or place, (4)
problems with visual images and spatial representation, and (5) communication issues, like
overlooking or omittingvords to write or speaR2][23].

Due to systemic brain damage, it is unlikely for any opportunity to reverse the damage. Thus,
it has been said that theaee no current treatments to cure or completely st@p from
progressing. What is likely to be done is to improve or sustain the quality of life of AD
patients. A new paradigm is needed that focuses on minimizing the symptdmbsrather

than focusing onlypn a search for a cure.

Ageing is the greatest known risk factor for AD, apart from genetic mutations, genetic factors
and family history, as highlighted §¥8] in Table 11. What makes ieven worse isnost of

them not only suffer from this severely progressive neurologic diseasdsbutther health
problems common for older peopMore often they are prescribed with many medications
which mayresult in even worse health condition, daedrugs complication. Moreover, drug
treatment can be very costly due to high cost of developing the meffidihelhis health

related and economical issue has initiated the effort to find alternative for not using drugs or
medication to treathese AD patients. This approach is often referred to as-drogs
treatments or nepharmacological therapies (NF2%][26].



Table 1.1: Risk factors for ADj18]

WELL ESTABLISHED LIKELY LESS LIKELY
Old age Head injury (especially mor{ Depression
Genetic mutations (rare) severe) Elevated homocysteine / low B1
Other genetic factors: Head size (smaller) and folate
1 Down syndrome Vascular risk factors including Hormone Replacement Theragy
1 Apolipoprotein E status smoking and hypertension Oestrogen
Fatty diet

. Sleep disorders
Family histoy of AD
Femde gender

Exposure to very stront
electromagnetic radiation
Aluminium

Equally important, the viable treatments to sldewnthe progression or to delay the onset of
AD will be most appropriate to be conducted during the early stage of the di@épsEhis

is because, there is still the possibility to preserve the brain function before utense
worsen ormalfunction during these initial stages. Furthermore, the ability to perform ADL
among individuals ithe early stage of AD is not much effected as compared to those in later
stages or severe cognitive disability. In fact, individuals witlbre severe cognitive
impairment demonstrate a faster decline in functional abj#8], while the degree of
deterioration towards the performance of even the basic actiwfiesily living (BADL) is

higherfor those in later stages of AR29].

Therefore, the efforto seek for more prospective interventions to enable and support the
individuals in retaining the normal functional ability ultimately crucial as an important
therapeutic target. This could be done in the early stages before the disease rapidly
progresseswhilst sustaiing their sense of autonomy. Then again, understanding the
progression of the disease according to the stages may also help in designing the appropriate
treatments fothe intended level of cognitive decline.

1.3.1 Stages of Dementia due to AD

There are several versions to describe the stages and progression of AD. Some medical
experts categorize them in seven sta@@n no impairment (normal function), very mild
cognitive decline, moderate cognitive decline (mild or eathge AD), moderately severe
cognitive decline, severe cognitive decline and the final stage is very severe cognitive
declind30][15] [31]. The very severe cognitive decline is indicated when individuals lose the

ability to respond to their environment, to carry on a conversation and, eventually, to control
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movenent. On the other hand, thether version labels five stages associated with
Alzheimer's diseas@reclinical AD, mild cognitive impairment (MCI), mild dementia due to

Alzheimer's, moderate dementia due to Alzheimer's and severe dementia due to AD.

Neverheless, the progression of AD is commonly categorized into three main stages, as
described in Al zheimerds Association Report
[17]. In this version, there are three stages of AD psedowith the new criteria and
guidelines which are preclinical AD, mild cognitive impairment (MCI) due to AD, and
dementia due to AD. Dementia due to AD or as refer to efaln dementia is categorized

into three more stagesamelymild, moderate andesere AD.

For the preliminary level, or the preclinical AD, individuals have measurable changes in the
brain, cerebrospinal fluid (CSF) assays, and/or blood (biomarkers) that indicate the earliest
signs of diseasg82]. At this stage however, individuals stilhvenot developed symptoms

such as memory 10$80]. According to[31], in defining the conceptual phase of the disease
process atthist age, the term O&6épreclinicald is most
AD doesnot necessarily denote all individuals who demonstrate the evidence of early AD

pathology butwill end up to be clinically diagnosed as dementia due to AD.

This predinical stage reflects the current thinking that AD related brain changes may begin
20 years or more before symptoms oddirij. As mentioned by33] in their revievedarticle,

there is a series of preclinical deficits within multiple cognitive domains observed in

individuals at this stage. This includes episodic memory, executive functioning, verbal
ability, visucspatial skill, attention and perceptual speed. Having said that, although the new
criteria and guidelines have been documentddl7hto identify preclinical disease as a stage

of AD, they do not established diagnostic craghat doctors camow use .

Next, the second established stage for degenerative progress of cognitive changeSs,MCI.
individuals with MCI have mild measurable changes in thinking abilities that are noticeable

to the person affected (and to familyembers and friends), but does not affect the

i ndividual 6s abil ity t[bh]. Asadefined byf84],t MTler iys a i a
syndrome defined as cognitive decline greater than that expected for anuatkvate and
education | evel but t hat does not Henoetiter f er e

concurs with[34] findings, who claimed that this stage of cognitive chasgedeed used to
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hypothesize as a boundary or transitional state betwesamgeand dementia. Also, the usual
complaints of memory deiits in MCI are similar with the basic feature of AD. A person is
detected to have MCI when theye observed with the evidence of memory impairment,
absence of diagnosed dementia, but general cognitive and functional abilities are preserved
[35].

In addition to this, MCI with memory complaints and deficits (amnestic MCI) stand a good
chance to progress or convert into dementia, in particular the Alzheime[3gjeret, as
reported by17], nearly half otthose patientsvho have visited a doctor due to their concerns
about MCI symptoms will develop dementia in 3 or 4 years. Over 1 yeat, intividuals

with MCI who are identified through community sampling remain cognitively stable.
Primarily for those without memory problemihey experience an improvement in cognition

or revert to normal cognitive status.

Dementia due to AD is the gfa where the disease is fulljown or matured It is
characterized by memory, thinking, and behav
function in daily life and that are caused by A&ated brain changes. As reported[8y] in

their recommendations of diagnostic guidelines of dementia due to AD, this stage is
diagnosed when the patients demonstrate at least two of these impaiabgitysto acquire

and remember new information, reasig and handling of complex tasks, visuospatial

abilities, language functions and changes in personbétyaviouy or comportment.

This stage of AD progression has been previously discussed in detail in the former section. It
is the level of severitpf this stage to be highlighted here instead. In the early stage or Mild
AD, a person may function independently. The AD or medical experts may be able to detect
problems in memory or concentration, such as remembering names, coming up with correct
words, losing or misplacing a valuable object, and increasing trouble with planning or

organizing.

In the middle stage.e. Moderate AD, apart from the existing symptoms of the former stage,
the saidpersons start to get frustrated or angry and act in unegeays, such as refusing

to eat ortaking ashower. It is the damage the nerve cells of the brain which makes them
difficult to express thoughts and perform routine tasks. Individuals at this stage typically

show personality and behavioral changes kkespiciousness, delusions, compulsess
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wandering, repetitivdbehaviour as wellas getting lost in time and space. In fact, it is the

longest stage and can last for many years.

The latter stage is severe AD; the almost total failure or dysfuncti@ognitive domain.

Here, individualsareincapable to even respond to their environment, carry on a conversation
and control movement. Since the memory and cognitive skills are progressagehding

they experiencéegeneratiomn personality, awarensf the current event, communication,

as well as physical abilities. When this happens, persons with severe AD definitely need

extensive helgvenwith their daily personal care and undertaking simplest tasks

The differentiation of dementia from ® rests on the determination of whether or not there

is significant interference in the ability to function at work or in usual daily activities. Equally
important, the chance of the conversion from ACI to AD is certainly high, deapitenber

of studies documernihg vice-versa on the unlikelines$36][37] [38]. But then again, the
occurrence rate of dementia in general is based on the age groups, and it is constantly
increasing when they grow older. For instance, the prevalence rate in Europe is: (1) 65 to 74
years old, 2.1/100 cases, (2) 75 to 84rgeold, 6.9/100 cases, while (3) above 84 years old,
27/100 case39].

In addition, the conversion of MCI to AD is varied betwee¥h and 30% for non
institutionalized and betweer®¥6and 85% in clinical settingg0]. The conversion ratean
possibly increase up to 50% from the first 2 to 3 years since the initial Bafewhile after

6 years, 80% of MCI patientsave AD [14]. The inconsistencies of findings from each
epidemiological study and clinical statistic about the conversiorarajgrobably due to the
selection of test subjects or population in general, test sogeand procedural, as well as

neuropsychological tools to evaluate memory functions and to diagnose the disorder.

Nonetheless, each AD patient poses and portrays a different cognitiveeaagioural
change that varies fromone another. This issue hded to the difficulty in classifying
individuals into very specific stages of AD, due to the dissimilarity of symptoms they convey.
Then again, with the exhaustive information on these apparent impairmemsnésned
above, it is appropriate to obsenassess and categorize these data as a global indicator of

cognitive functioning or declining and composite measures of cognitive ability. Figure 1.
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below illustrates the continuum of AD that summarized the stages and the symptoms in each

stage.
cognititive
function
A
Mild Cognitive Dementia
Preclincal AD Impairment (MCI) Hbe 1o 2D
» no sympthoms, but « memory/other cognifive « Worsen memory/other
brain changes initiated complaints cognitive difficultes

affects ADLs

« abnormal when clinically
tested

= cognitive functions not
severly impair daily tasks

»-Years

Figure 1.1: The continuum of ADand the decline of cognitive functions in according
the stages. Adapted frofd1l]

Indeed, there are numerous cognibased ratingsbeing used to rate the severity of
individual s6 cogni ti v e sdestaplshed measnres are constaetlpne nt i
reviewed. They are Short Blessed Test (SBM), Informant Questionnaire on Cognitive

Decline in the Elderly (IQCODEM2], and many more. And yet, the most common and
frequently used instrumestfor detection of cognitive impairmeate still Mini Mental State
Examination (MMSE]43] and Clinical Dementia Rating (CDfj)4].

The CDR is a dementia staging instrument which is derived from astemtured interview

with the patientso ratethe cognitive function of 6 cognitive categori@esemory, orientation,

judgment and problem solving, function in community affairs, home and hobbies, and
personal car¢45]. I n this rating, scales are used to

The scales are as follow:

. O = Normal

i. 0.5 = Very Mild Dementia
.1 = Mild Dementia

iv. 2 = Moderate Dementia
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v. 3 = Severe Dementia

MMSE on the contraryis desigied as a clinical method tate cognitive impairment and
produce a score that can be used as a detection tecl&jué is most widely used as an
established clinical rating and available in many languafEd due to its practicality to
detect the cognitivehange and predict the severity of cognitive impairnjé6}. MMSE is

built on avariety of questions that are usually categorized into seven cognitive domains:
orientation to time and to place, registration of three words, attention and calculation, recall
of three words, language and visual construdéiaij [46]. It has a maximm score of 30 and

a minimum of 0. The interpretation ofetlscore is described in Table b&ow.

Table 1.2: Interpretation of MMSE and MMSE scorgs] [46]

Interpretation of MMSE

METHOD SCORE INTERPRETATION

Single Cutoff <24 Abnormal

Range <21 Increased odds of dementia

>25 Decreased odds of dementia

Education 21 Abnormal for 8th grade education

<23 Abnormal for high school education
<24 Abnormal for college education

Severity 24-30 No cognitive mpairment

1823 Mild cognitive impairment
0-17 Severe cognitive impairment
Interpretation of MMSE Scores
SCORE DEGREE OF | FORMAL PSYCHOMETRIC | DAY -TO-DAY FUNCTIONING
IMPAIRMENT ASSESSMENT
25-30 Questionably If clinical signs of cognitive May have clinically significant
significant impairment are gesent, formal | but mild deficits. Likely to affect
assessment of cognition may i only most demanding activities
valuable. of daily living.

20-25 Mild Formal assessment may be Significant effect. May require
helpful to better determine some supervision, support and
pattern and extemf deficits. assistance.

10-20 Moderate Formal assessment may be Clear impairment. May require
helpful if there are specific 24-hour supervision.
clinical indications

0-10 Severe Patient notikely to be testable. | Marked impairment. Likely to

require 24hour supervision and
assistance with ADL.

Knowledge pertaining to AD and its stages are important for theoretical and clinical reasons
alike. Fromthe theoretical point of view, the conveosi from healthy agng to dementia

helps researchers to recognize how the disease progresses. Clinically, detecting healthy
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older adults or any individual with the potential to be affected by the disease from early stage
helps to strategize a proper tireant, as well as maximizing treatment efficddg]. For
instance, many studies on MCI emphasize to differentiate individuals with the risk of
conversion to AD or otherwis@'he body of work in MCI study leads to the increasing and

better potentiality for more pharmacologic interventions to delay the progression[icbAD

Nevertheless, despite the severity of cognitive impairments, elderly with AD typically
demonstrate and struggle with otheeiag issues, which are closely linked to many treal
related concerns. As a result, this increases the rate of disease progression, indirectly
requiring intensive supervision, and finally the high possibility to be relocated into nursing
homes. The next subtopic presents in detail the factors infiugethe individuals with AD to

be hospitalized or institutionalized.

1.3.2 Institutionalization of Persons with Dementia

Institutionalization of persons with dementia is not fixédany people with dementia have

serious medical conditions, such as heart diseadehysical disabilities, wvaneed hospital

care. Some of them need supervision becthiseymptomsarerelated to the disease itself.

In spite of the physiological and cognitive changes of the patients, reasons for this
institutionalization reside on amy factors coming from who gives the care (both informal

and for mal caregivers) and caregiving | evel
spouses, family members or close relatij#8]. Typically, caregiving may cause a bad

i mpact on infor mal car egi v e r-Beihg, pubhyas angiety| and

poor sleep, exhaustion, and depression and also s§80gEsl].

Factors that influence the decision to institnalize dementia patients by their informal
caregivers are presented 2] in their study. These factorare mostly linked to the
increasing burdens and stresses of caregiving, immediate animmadiate family
caregiving, demog@phic of the caregivers and patients such as gender and race, and the pre
institutional programmes So, the level of caregiving of person with dementia gradually
increases with the severity of the disease. This medrex; compared to thérst stages of

the disease, the patients in the severe levels of dementia manifest personality and mood
changes which require intensive care and supervision by careffi@grat this stage, they

depend completely on the caregivers to do even the simplest tasks. This indirectly leads to
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the negative influence ahec ar egi ver 0 s ymenfiored and in fhe end resalteds |

in sending the patients to the nursing homes or the dementia institutions.

As reported by[54], about20% of patients are institutionalized in the first year after a
diagnosis of dementia. This percentage of institutionalization is incréag&¥oduring the
following 5 years whereas the rate reached 2% 8 yearsAdditionally, [55] suggest that

the predictors of time to the institutionalization are sex, age, marital status and severity of
dementia[55]. It is indeed hard to tell at which stage of dementia the patients are
institutionalized. However, as maémed in the previous chapter, the diagnosis of dementia
due to AD starts with the mild stage. Thus, based on the preceded factors and predictors,

Figure 12 below demonstrates when the institutionalization begins.

Dementa due to AD
STAGES OF AD PreclinicalAD MCI

Mild Moderate Severe
SETTINGS ’ Still live at home

Figure 1.2: Institutionalization of persons with dementia

Usually, those in preclinical until MCI stage still live in th@ome environment, andre

taken care by their informal caregivers. Only after the cognitive decline advances and once
they are official diagnosed to have dementia, thegtaers then may consider sending them

to the nursing homes. This explains the 2G%e of institutionalizationn the first year of
diagnosis[54]. Even if the institutionalization is for a medical condition, the persuitis
dementia affect many parts of the procesBhere are alsomany cases of unnecessary
hospitalization This is probably due to the lack of knowledge and awareness about the
disease and its caregivipgocess

Relocation of persons with dementiadnthe nursing homes is not a delightful experience, as
it may cause the harmful effects, such as morbidity and even mg¢&a)ityA new
environment with unfamiliar sights, soundxjours changes of daily routine, medications
and tests as well as the progression of the disease contributes te thifecaafusion, anxiety

and agitatiorto these individuals.
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Furthermore, staying at a hospital can make anyone feel anxious and upset, let alone for a
person with dementia where it can be a traumatic experience. The change from home
environment to amnfamiliar one, added with the stresses and possibly pain caused by the
programmednedical treatments in the institutions probably make them more confused than
before Then again, one of the most reported problems doguduring this relocation is

relatel to the spatial orientation and wayfinding incapability.

Many earlier studies focus on the confusiansing from spatial disorientation and
wayfinding issues in the new environment of the nursing hdbigg58] [59] [60] and the

possible solutions by means of improving the design of the sf@tde$2] [63]. Also, there

are existing body of research on the interventions which seelrtal caregivers desire to
institutionalize thei loved ones by reducing the symptoms of burden and depression in
caregiverd54] [53] [64]. Nevetheless, what we found lacking in the existing body of works

is the interventions to support and assi st

relocated to the nursing homes.

Understanding the physiological and mental changes and knowing wegpeot from the
issues presented may generate the necessarytelbelp these patients in the future. This is
whatthis study ains to investigate, which is to recognize the mobiligyated and wayfinding
disability problemgbefore the institutionalizeon) in order to find and propose the possible

ways to support it.

1.4 Needs of Alternative NonPharmacological Interventions

AD and dementia in general are a lengthy cognitive degenerative disease, which may take up
to more than 20 years for those sumgythe final stagefs5]. Patients especially in thater

stage of AD are severely impaired in terms of mobility and cameoation the very basic

human necessity for welleing, selworth, social interaction, autononig6]. Thus, it is

critical to ensurethese basic and higher human needs are persevenediritain the overall

normal functioning and good quality of life.
The emergence of pressing needs caused by the disease deliver numerous chances for many

forms of therapies. To date, there are worldwide efforts in finding better ways to treat the

diseasgdelay its onset, and temporarily reduce its symptoms from worsening. Then again,
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although pharmacotherapyay possibly redue the AD symptoms from rapidly evolving,

many have agreed that current AD treatments cannot totally stop its progression. The
cond raints of current pharmacotherapy on the
needs to promote more on nonpharmacological therapeutic intervention[B7AD

As a matter of fact, there i: ancreasing body of interest at present on-pbarmacological
therapy (NPT)or nondrugs approack68] [69] being used for intervention purpose. The
available form of therapies with this approach efig@m musical interventionanimal
assisted intervention, physical therapies and more design and technological approach like
wearable technology, naturaligapped environment, intelligent ambiance and so forth.
Notwithstanding, the concrete knowledge in the involved fields of interest should be
primarily founded, so that the balance between theoretical and practical requirement can be
initiated. In conjunctio with this, there is still a lack of support on the efforts, for instance

on the research about NPT, despite the worldwide growing rate of AD and the constant costs
for the carg70]. Additionally, there isa dearth of necessary findings and evidences on NPT
making the need to encourage more studies in thisdreddubtedly worthwhile.

Moreover, memory, visuospatial and spatial orientation deficits are common in the early
stages of many diseases causing dementia, and they are the deficits augtribut
wayfinding difficulties to the persongrl]. Wayfinding difficulties affectthe per sons 0
mobility, navigation and autonomgausing them to get lost in both familiand unfamiliar
environments. This problem enforced them to require exhaustive care and eventually being

hospitalized.

The ability of patients at their old age to cope with disease they are suffering from is
influenced by the unfamiliar environment, suaf nursing homes or any health institutes.
Nonpharmacological intervention in the form of supportive or demdndadly
environment for instancis1] [62] [63], is designed to specifically meet the needs of people
with AD. This form of therapy allows them to utilize their remaining abiligs minimal
frustration, and experience the highest possible quality of life. Thus, it is important to know
that any purposively designed intervention can only be produced with a great knowledge and
understanding about the sufferers and their needs.
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Ast hi s form of NPT coul d s udsily eoutines sb Doegtlaet i ent

application of design and technolothat may represent a potent factor in the rehabilitation
strategies of wayfinding disabilities. The adoption of design and techocalogplutions
could possibly enhance the existing interventions of orientation strategies or at leastgrovide

better option to the existing solutions of purposive design interventions.

In the same way, as mentioned in the earlier sections of thizech#éperapies that are
intended to cateto the emerging needs and issues of early symptoms of AD or to support the
individuals in early dementia stage are highly recommended. This is due to the possibility to
preserve the brain function beforaldterbratesprogressively. One of the promising ways to
delay the onset and reduce the risk of conversion to AD is by reducing its symptoms. This
can be done by maintaining the active lifestyle, by means of constantly performing ADLS

task independently in théderly.

1.4.1 Benefits of Maintaining Active Lifestyle among Elderly

Many believe that maintaining an active life preserves physical and mental health in older
adults. Simultaneously, it could be a protective influence towardgnitive decline and
dementia inelderly persons. Moreover, the correlation between an engaged lifestyle on
cognitive decline has also been studied decades. For instance, there are evidences to
suggest that preserving an engaging active lifestyle could reduce the risk of speeifsedis
like cardiovascular disease, improve physical health and extend life as a WRple
Likewise, the effect of social network on cognitive ability of older adults is thatial

isolation accelerates the progression of cognitive defdi8le

The conservation of active lifestyle is usually associated sibicial networks, besides
physical and leisure routines. tarm of social networks, the findings from many studies
suggest the link to mortality. And yet, persons with bad social engagement or socially
isolatedhave increased up to four times the chance of mortality, while indiredtgcting

their close commuty [74] [75] [76].

Leisure activities refer to theoluntary use of free time for activities outside of the daily
routines[77]. For example, articipating in the communitd s ¢ u | &, playiad musicy e n t

singing in a choir, joining acting class, or jusving any hobby are one of the major
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components of leisure activities that keeps the healthy lifestyle of older adults. Mental
stimulation or mindengaging activitiesueh as arts and crafts, puzzles and other memory
recalling games are certainly beneficial to stimulate the brain function of the elderly. The
participation in this kind of new and different activities in the early stage of dementia
encouragethem to consintly use their brains, which are less suitable to do at the later stages
of life or when the diseasesworsered Also, as mentioned by these studiég] [79], those

who participate in these activities have a positive impact on their life, and survive longer than
those whado not.

Similarly, although the connection between physical activities and the &fteatds brain
biology and function is still one of the most discussable topics among medical experts, high
levels of physical activityare associated with reduced risks of cognitive impairm§&sis.
Studies of physical activitprogrammedor people with dementia have demonsdatither
improvements in cognitive functions or slower decline in cognitive abi[@gl In fact, it is

one of the most promising protective factors to reduce the risk of conversion into dementia of
AD type, as presented in the Tabl8 below.

Table 1.3: Protective &ctors for AD[18]

POSSIBLE UNLIKELY

1 Physical activity 1 Drugs used to treat established
Al zhei mer 6s

1 Ongoing intellectual stimulation 1 Omega3 fatty acids

9 Leisure/social activities

91 Higher eduation

1 Anti-inflammatory drug$

1 Cholesterol lowering drugs (statirfs)

1 Anti-hypertensive (blood pressure
lowering) drugs for those with high
blood pressure

{ Moderate alcohol intak®

a. Findings are from epidemiological studies and no prospecdivdomized trial has yet demonstrated benefit.
These drugs can have serious side effects and it is i
b. This may depend on gene status as some studies have found that moderate alcohol is not forotiectige

with the apolipoprotein E epsilon 4 allele.
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Equally importantthe brain continues to grow new cells or sometimes referred to as brain
plasticity. We also know that the brain requires adequate blood flow to receive the oxygen
and nutrients ineeds to function wellSo, performing a constant physical activity supports
both these important aspects of brain biolf82]. Demonstrated benefits have also included

conservation of ADL, improved physical fithess, and at the sangeimproved wellbeing.

There are many studies that demonstrate the benefit of maintaining an active and heathy
lifestyle towards the cognitive functions in general for the older adults. For example, as
reported by[83], performing leisure time physical activity at least ®vig week at midlife
reduced the risk of all dementia and AD up to 52% and 62 % accordibgilyg physical
exercise at least 3 times per week for older adults above 65 years old may decrease 38%
reduced risk of dementia after 6 years follow[8p]. Finally, in a different study bj85],
participating in a high number of different activities (such as wallkdnd also other
intellectual, leisure and social activities) resulted in lowetivegrisk of dementia progression

over an average of 3 years for person oved &§e

In maintaining an active lifestyle in elderly with AD, the same activities done by normal
elderly couldprobably not be practiced since the decreasing in cognitive domwaiuld
worsen most of the body functior$o, smple routines like daily walking, standing, lifting up
things could be beneficial and sufficiefifaus, only regular physical activities can support

the brain biological functioandtheyneed to do it on gular basis.

In recent decades, therg anincreasing attention given to the role active lifestyle as a
protective factor against the occurrence of dementia in oldHgeever,it is not easy to
provide the appropriate care for individuals with thisinoelegenerative illness, let alone to
develop series of stimulating, meaningful, feasible, and daily routines that are appreciated by
them. One of the most challenging aspects of providing care for someone with a dementing
illness is to develop daily roumes and activities that are interesting, meaningfuklle, and

valued by the person with the disease. Conceptualizing the intervention which include mixed
activities for them in accessing social, physical, mental, and spiritual needs is a very

challengng-yetcomplex tasko da

Besides, there is an emergence of need for constant changespiroghemmedactivities,

due to the disease progression and worsening of cognitive decline, while simultaneously

20



retaining the features so that the activities stié valued by these individual§.hat being

said, the aforementioned protective factor for cognitive dydfan or dementia in particular,

i's somehow connected to the persomordestoi | ity
perform these sortsf activitiesinvolving countless movementstable mobility and spatial
navigation skillsare acquiredUnfortunately, this important necessity is also often impaired

in both elderly with or without AD.

Equally important, the obvious indicator of AD adémentia in general is the gradual
declining of ability to perform and maintain ADL, while at the same time progressively
decreamg independence, relative to the severity of the disgeThe dramatic changes in
cognitive, functional and behaviordbmains causing the critical state of autonomy, need of
assistance andhay lead to institutionalizatior{87]. Furthermore dependency level is an
acceptable way to assess the level of severity, resource consumption and quality of life of the
patients[88]. Therefore, all the required bodies in a social system or a community should
work together to produce suitable optionspobgrammesand activities to effectively meet

these pressing needs.

In this Chapter, we havequtably introduced the topics underlined in this study, but the
actual issuedave not beenentirely delineated. Thus, Chapter Two is intended to report
further on the theoretical framework and investigate profoundly on the main critical issue of
the presenstudyi the problems of mobility. Before proceedingo the next chapter, the
research questions and objectives are declared beforehand so that the absolute goal of the

study can be defined.

1.5 Research Questions
Main Research Question (RQ): How to pawithe possible solutions in facilitating the
wayfinding of older adults with dementia from the design and technological perspective?
Sub RQs:
1. What are the current (design and technological) solutions to be adopted as an
alternative navigational assistarfoe elderly with dementia?
2. How to conceptualize a new navigational assistance in consideration of previous

works?
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3. How to evaluate the proposed design of navigational assistance so that it may be

realized in the real world?

1.6 Research Objectives
Main Objedive: To understand the decline of wayfinding ability in elderly with dememith

finding possible ways to assist or improve it.
Specific Objectives: To develop and assess a conceptual navigational assistance tool to assist

the wayfinding of older adultwith dementia.
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CHAPTER

2 Intersected Mobility Issues

2.1 Introduction

This chapter and the following one in particular contribute the most in the theoretical
requirements for the study. It discusses further on all $peds that should be taken into
account in order to achieve the overall goal. It consists of the related works for the issues
raised in the problem background and the research questions. The review starts with the
problem of mobility as an umbrella issaed its consequences for older adults with cognitive
impairment. The causes and effects of the decline in mobility which lead to many other
implications are discussed in this chapter. The review is also made on the existing

interventions to cateo controversial issues being debateslatingto dementia, while at the
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same time highlights the potential of new application that can be proposed for the design

project.

2.2 Mobility in Elderly with and without Dementia

It is important to find ways$o promotethe functional capacity of older people @asuretheir
sustainabilityin health and social care system, while at the same ¢mniehingthe good

guality of life. One of the key issues emphadibere is the mobility in elderly. The term

mobility referstoaer sondés abil ity to move independen
another{89]. I ndi vidual 6s stable mobility is indee

reasons, regardless of the age ranges.

Outdoor mobility for older adults in particular, is highly essential foressing the
commodities, using public facilities, socializing purposes, alsd for physical activities.
These necessities and many others are hard to achieve without a stable mobility.
Consequently, without a stable mobility, older adults could not tievaccess they need the
most without the help and supervision from othétsence, his simply indicates that one

significant factor to maintaining the independence in old age is mobility.

It is the norm that when we grow older, the limitations in métyi are beginningo be
noticeable. In fact, mobility decreases with advancing age, and it abtheusearlier sign
of further(physical and social) functional decling®][91]. Equally important, the decline of
mobility obstructs the ability to perform and maintain daily life and social functioning in
older adults This in the end results in the increase of assistance, supervision and burdens,
which leads to the risk of institutionalizatif®@2] [93].

In the same way, as people age, they change in countless ways, both biological and
psychological. Wen this is the case, the most feared aspects of growinig dlte cognitive
decline[94]. This decline may lead to more serious issues, which is the Mild Cognitive
Impairment (MCI). Some cases of MCI remain mildly impaired and others are reversed, but

the probability of the elveloping the AD or other dementia types are disqui¢8{j96].

The neuropsychological deficits in people with dementia mainly tuéAD are indeed

recognized and apparent. As reported®g], these obvious deteriorations include episodic
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memory, language and semantimowledge, executive functions, working memory,
attention, and also the visuospatial abilities. Similar to several other common deficits such as
the deterioration of cognitive mapping and spatial disorientd@dj{98], the decline of

visuospatial abilities as preceded above is associated with the mobilitynskermaentia.
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Figure 2.1: (Left) The graph of the gradual mental decline vaitiing andRight)the graph on nearly monotor
spatial orientation declines according to §&#4]

Moreover the concern on this matter is not only common for people with dementia. In fact, it
is oneof the most serious complications caused by age related cognitive decline, and the
studies on this relation are established, for exampld9B8}{100][90]. Figure 21 above
demonstrates the reports on mental skills deterioration with(agg spatial orientation being

oneof then) by different studies.

The necessit of maintaining the stable mobility in older adults hasen previously
emphasized. In a nutshellthis studyfocuses on the umbrella issue in the decline of mobility
and what are allied to it that affect esglly the normal functioning of older adults with
cognitive impairment due to dementia of AD type. In conjunction with this, dementia has an
undesirable impact on endurance, lowgtremity strength, balance on body functions and
body structures, as wels mobility[101].

The body functions of people as abawentioned are important for effective activities of
daily living (ADL). They are indeed the fdamental requirements for both categories of
ADL, which are instrumental ADL (such as housework, preparing meals or taking a walk in
the neighborhood) and basic ADL (such as bathing, eating and dregsd2y) For that

reason, there is a robust correlation between the weakening of capability to undertake ADL
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and the severity of cognitive impairment in persons with dementia, though performance of

these activies is compromised in the mildest stage of the didaass

Unfortunately, this neurodegenerative disease namely demeartr@otcbe cured, but the
negative consequences caused by the disease may be controlled systematically. There are
many studies such g404], [105], [106] on how body functios are highly trainable by

means of keeping the hdalt lifestyle that leads to the enhancement of ADL. Equally
important, active lifestyle represents a protective factor for cognitive decline and dementia in
elderly person$80] [81]. Therefore, since ADL is the basic needs for human, let alone for

the people with dementia, finding ways to support or maintain it are highly appropriate.

To be pecise, the poor performance of ADL underlined in this study is correlated to the root
cause of mobility decline and its related issues mainly the spatial orientation and navigation
disability due to both ageing and cognitive changes. Hence, undenstamd deficit helps

to find the ways or possible solutions in supporting their independent and stable msaility.

the next section discusses further on the wayfinding deficit or spatial disorientation in elderly

with dementia.

2.3 Concept of Wayfinding and Navigation

Wayfinding process is essentiallyproblensolvingactivity, and is affected by many factors.

The process involvedactors such as perception of the environment, availability of
wayfinding information, ability to orientate, and cognitive anaisien-making processes.
These will determine the effectiveness of their wayfinding. Wayfinding has the information
systems meant to guide people through an environment, while simultaneously improve their

understanding and experience of the spha0e].

Wayfinding is defined as the ability to reach a destination in the everyday environment, both
cognitively and behaviorally108]. Wayfinding in a nutshell involves a series of decision
makings - emotionally, cognitively and betmrally. It usually starts with deciding the
destination of a journey. Latdhe usersiecide the possible strategy or method to get to the
intended destination, and the most appropriate route to be taken. During these decision

makingsmoments there aregotential emergences of influences which require several other
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decisions For examplethe environment and provided information along the journey. At the

end, all the wayfinding decisions are interrelated as they influence each other.

The three key predures in the wayfinding process are described by Arthur and Ha®8ihi
in their study. Figure 2.below shows the relationship of these procedures. As previously
mentioned, to ensure a successful wayfinding, these wayfinding processes require a person to

decide, take actions and process the gather information

ADecision making & decide to make a journey, and develop a plan of action to
get there by making a series of connected decisions

Decision making
plan action

ADecision executing & put the plan into action by setting out on the journey.
Factors along the route may produce a change in the plan of action and affect
Decision decisions made along the route. People will look for information in order to
executing create a mental model of the route and layout of the site.
take action J
Alnformation processing & process the information using all available senses. Need
to understand the information, including spatial information, and be able to
Information utilise it in context.
processing )

Figure 2.2: The three key procedures in the wayfinding process, adaptedrtihur and
Passinj109]

Nonetheless, wayfinding and navigation are two related concepts, but they are ngt exactl
identical. Wayfinding is the broader term, rafeto how people find their way around
environmentg110] [111]. Navigation incontrast, iS a more specific process or activity used

to find way and accurately ascertain position while following a rfiLt@]. The established

form of navigation includes route, landmark, and map navigations. As mentiorjéd3jy
navigation also relies on the ability of a person to-gelfoj e c t or to shift
perspective to an alteative perspective. During navigation or while moving around an
environment, one needs to maintain a sense of direction and location within the route. This
could be realized with the support of external representations (maps) or with internal mental
representations (based on sensory experiefice)].
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Whilst, in a more complex level and alsorrelated towvayfinding and navigationspatial
skill is a cognitive abilitywhich involved understanding, manipulating, reorganizing, or
interpreting relationships visualljL15]. It refers to the ability to generatestain, retrieve,
and transform welstructured visual imagg416]. As claimed by117], spatial skill can be
classified into different categories: (1) spatial perception, (2) mentaltiorgtaand (3)

spatial visualization.

Nonetheless, spatial ability as a term is difficult to be defimetisely as it has different

versions of definition. Again, the concept of spatial ability is constantly allied with spatial
orientation and spia visualization[118]. Spatial orientation i§it he compr ehensi o
arrangement of elements within a visual stimulus pattern and the aptitude to remain
unconfused by the changing orientation in which a spatial configuration may be

pr es dg119]. dndad simple statementt is an ability to relate position, direction and
movement of objects in spaf¥20]. Spat i al navigability instead

mani pul ate, rotate, twist,[1® invert pictori

As both of these spatial factors interrelat®dh each other, the tasks can be distingedsby
identifying what is to be movefd19] [121]. Here, it means if the representation could be
mentally moved or altered, it is considered as a spatial visualization because orientation does
not invdve mentally moving an object, but the perceptual perspective of the person viewing
the object is changed or movfdl5]. Besides, spatial ability can possibly contribute to the
navigation strategy and geographic knowlefig2?], which are also essential for successful

wayfinding.

There are several significant studid®3] [124] [122] on investigating thespatial ability
differences between men and women, prouhmag the gender factor also has an impact on
their navigation performances. For example, spatial ability tagkiiringthe manipulation of

object in a space, which men usually do bdtt@5] [121] as compared to women. On the
contrary, women are known to be better at keeping track and finding objects, as compared to
men[126]. Understanding this difference and other influences of spatial atslithelp the
researchers to predict the outcome for the assessment that involves the spatial navigation

tasks.
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Complementary to this, spatial navigation skill is alsompmglex domain that involves several
cognitive processes such as spatial skills, explicit memory, working memory and executive
processe$l27]. It refers to the process determining and maintaining trajectory from one

point to anothef128]. This skild/l contains the informat
selfto-object distance, and seatiotions,which isa set of useful data to keep goingnfrohe

current directior[128]. Thus, one may find fficulties if this necessary aptitude is weaken,
because spatiaavigation skillallows the persons to find and to learn to find their way from

one place to another theenvironmen{129].

Navigation(in a nutshe)lis a complex conceptndyetis an important basic human skill as it
comprises both external representations and internal mental representations. In addfi&on t
previously mentionediactors navigation requires a seifojection for episodic memory and
episodic future thinking[113]. Episodic memory is referred to as a neurocognitive
(brain/mind) system that enables human beings to remember past expdfi80tes is the
memory of narrative events that can be clearly stdtgdexampe, time, places, associated
emotions and other contextual knowledge. Unfortunately, ohethe most obvious
neuropsychological declines due to AD is episodic menj@i}; apart from executive

functions, working memory, and attention, visuospatial abilities and so forth.

The ability to navigate in the environment certainly requires an understanding of all the
abovementioned influences,nd links between intuitive geometry and intuitive physics
[131]. Thus it is predictable that spatial abilities are often linked to navigational abilities.
Mobility as an umbrella issue has been deliberatatie previous chapter. The relationship
between ageing antbgnitive decline was correspondingly discussed there. Hence, since the
concept of wayfinding and navigation are interconnected with mobiligiso proves that
wayfinding ability is deteriorated by age and severity of cognitive impairfi&2] [133].

The next subtopic discusses on the deterioration of wayfinding and navigation ability among
elderly with cognitive impairment especially due to AD.

2.3.1 Ageing and ADrelated decline of Spatial Navigation Skills
Elderly without dementia remain stabMths pat i al navigation skill|,
way in familiar surroundings relies on different kinds of spatial reference frah2&3

However, it is not for the case of AD since this important skill is often impaired and it is
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suspected to be related to the declimfgognitive function, besides the aging fadtb27].
Spatial navigation skill is crucial asis mostly used for everyday functioning, to find the
way around both familiar and unfamiliar routes, as well as for both indoor and outdoor

environments.

Moreover, this problem resulted in negative implications on the subjective measures of
normal ®cial functioning and ADL in generdl31]. The impaired spatial cognition in AD is
usually denoted as spatial disorientation (S8SIp, is also referred toas topographical
disorientation, topograptal amnesia and visual disorientatid34] where itis defined as an

i ndi vi dual orientin theadnvironmentyas & result of focal brain danfjagk It
affects the individuals with AD in ters of impaired linking of landmarks and routes, which

resulted in getting lost in both familiar and unfamiliar environmgr84].

SD is dramatically worsened according to qfj27] [132] and as the disease progresses
[132]. Indeed, it is initiated early in the development of ADd as early as during the
development of MCJ135]. Although not every MCI cases end up with folbwn dementia,

the possibility is still very high136]. The worsening of spatial orientation ability leadsito
per sonb6s i rorebtatd and find visoin tlseeehvironments, and he/she stands a
high risk of injuries. In the same way, it limits the autonomous performance of ADL mainly
activities which involve the outdoor navigatififB7]. As a result, individuals with this deficit
require high level of careroundthe-clock to reach certain places and to perform even basic

everyday tasks. In fact, it e of the major reasons for institutionalizatjib88].

AD patients with deficit in executive function (EF), typically experience delayed motor
response in spatial mobility, as a form of spatial disorientation or declining wayfinding ability

[139]. This specific cognitive dysfunction is by some means also associated with the
weakening of individual sbé spati alocentrepmde sent
egocentric representations, apart from the cognitive mapping, landmark processing and

spatial memory128].

Moreover, the change in cognitive map towards the spatial navigation ability is based on a
configuration of distal landmarks from the navigation to and from landnjadd, and it
dissociates both allocentric and egocentric navigation. The difference between egocentric and

allocentric in spatial representatiors that, egocentric involves an objotobject
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representational structure and encode information about the location of one object or its parts
with respect to other object. While allocentric is a-selbbject representational system, and

one locates @nts within a framework external to the holder of the representation and
independent of his or her positida1].

Apparently, ageelated and cognite changes in spatial navigation skill, visuospatial
abilities, mental imagery and navigational skill in elderly and persons with AD have been
documented by a few earlier studj@28] [142] [140] [143] [139]. Agerelated weakness in

route learning or large scale spatial memory is indicated when adildts often experience
difficulties in navigation and often avoid unfamiliar rouf@44]. This makes the elderly not
wantingto go to the places/location they have never been before. Then, the weakening of
navigation skill is shown when older adults took more time to fied thay around, while at

the same time made more direction errors during navigation, as compared to the younger
persong145].

In addition, the healthy older adults also demonstrate poorepspatial ability when
comparing the ageelated performance in passive and active visuospatial tasks. This
deterioration is caused by the inability to manipulate and transform visuospatial information
[146]. Likewise, older adults usually have difficulties in processing information to provide
the spatl judgements[147]. Again, in terms of spatial abilities, there is an iobg
deterioration in older adults when dealing with mental laboratory tasks, especially for the
unfamiliar taskqd148] [149] . Usually, elderly can still manage their everyday spatial task,

and to perform spatial task in a familiar environment.

On the contrary, degeneratiaf cognitive function due to AD affects the visuospatial
modality which relates to spatial location, object location, spatial patterns and several other
spatial memory processes domains. Indeed, the neurodegeneration in AD disconnects
hippocampus with ismportant for visuospatial processes, such as topographic orientation,
egocentric and allocentric processi@39]. This dissociation may result in spatial

disorientation and disorders of episodic memory.

In one study[150] claimed that the limitations of workingemory functions weakened the
passive and active processes in AD as compared to healthy older adults, mainly on the active

verbal and spatial processes. In addition, apart from the deficit in visual memory, AD patients
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typically showed difficulties in stat spatial contrast sensitivity, visual attention, shxpe-
motion and visuospatial constructiftbl]. The decrements in other cognitive domains can
be caused by the visual neural pathways and visual dysfunctionsarthatvolved in

neurodegenerative procegdéd | .

At the same time, information about degeneration of indiVidsiad v i suospati al f
valuablein understanding how it can be used to diagnose the disease when it is still in the
early stages. This could helminimize the complexity of timely diagnosis of AD and its
prevalence from MCI stage. In fatihere & also body of works on the deterioration of spatial
abilities in generathat could predict the occurrence, or as a biomarker to the diagnostic of

AD [152].

For instance[153] [154] claimed that even persons in early stage of AD demonstrate the
impairment in visuospatial shestrm memory. These studies suggedshat the visuospatial
deficits could possibly be the early detector of this degenerative disease, while the change of
cognitive function may be detected with the declines in linguissiayell asin visuospatial
domains. Meanwhile, early visual motion perception deficits could precede navigational
impairments and lead to topographical disorientation in AD patjéb&. Here, it is proven

that AD patientsare usually impaired in visual motion perception, as compared to healthy
elderly and those in milstage or MC[156].

These contributie factors lead to the hypothesis tltia¢ severity of cognitive impairment

does influence the worsening o[l55] wisdospatiald ual s ¢
deficits could indicate the early neurodegenerative disease, like AD itself. Essentially,
persons who are diagnosed with AD manifest worse deficit in the visuospatial modality than
those in MCI. This is shown in the visual recogmititask conducted in the study [y67],

where persons with MCI do not show difficulties like the AD patients when they were asked

to recognize similar images repeatedly.

Another essential points the seriousness of impairment in atienal resources and
visuospatial memorithat originates the cognitive origin and the neurofunctional bases
deficits shown by MCI and persons with AD57]. These data certainly help to identify and
better define the level of spatial dislities and its predictive value, according to the stage of

AD. Also, the occupational therapy that aims to facilitate the decline of spatial abilities in AD
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patients should include the assessment of spatial orientationiskildividuals in the early

stages of the disease.

Nevertheless, evethoughthere are many existing studies documented on the decline of
spatial abilities and all the associated aspects which influence these deteriorations, there is
stil a dearth of concrete evidence either nfrotherapeutic, pharmacology or even
technological approaches to preserve wayfinding domains in AD patients. The efforts to
develop more promising therapeutic or ftberapeutic interventions usingresent

technology to cateo this issue are highly approate.

Equally important is to understand the actual issuesearetgingneeds due to this problem
before deciding the appropriate concept of intervention for this purpose. As agrgdé&d@hy

in terms of objectocation memory, there is an impairment of explicit but not implicit spatial
memory in AD patients. The preservation of implicit memory in AD is extended to the spatial
domain. Hece, this could have an important rehabilitative value, for example in

conceptualizing the navigational training intervention for AD patients,

As AD is mostly affedng the older population, it is normal for them to experience the
sensory changes. Buto the sensory integration dysfunction, individuals with AD show
difficulties to fulfill the expected roles to achieve in their life. In addition, this problem
caused them to demonstrate thehavioursthat can hinder their participation in daily life.
Since this study highlights the issueslating to the performance of ADL especially in
wayfinding, the following section discusses on how sensory declines affect their spatial

navigation skill in general.

2.4 Sensory Changes affects Wayfinding

The human fivesenses: vision/sight, hearing, touch, taste and smell help to receive and
process the information from the surroundings. They seem to furetiparatelyas five
separate modalities in perceiving the world, but as a matter of fact they collathosaie

in order to allowthe mind to understand the environment better. This collaboration is obvious
and can be very crucial under some circumstances. For instance, blind people need to
brilliantly train their other sensory like hearing, to maintain theiepehdent wayfinding.

Unfortunately, these important sensesdergo biological changesand diminish due to age
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[159][160]; thus, making the reception, intemgiation and processing of the perceived
information disturbed or distorted. Because of this, the elderly tend to avoid owugitiee
tasks or activities they used to do before, and at the same time jeopardizing their social

relation and involvemenin theirfamilies andcommunity.

Studies on the investigation of human interactions related to the sensory between users and
endproducts are quite common in the design field. In fact, this is one of the fundamental
elements in the design development pssc Usually, users being the main prospective
subjecs in designing products or spaces are utilized during this ghhséd is quite are that

existing research in design field uses elderly or more precisely cognitively dysfunctional aged

people as their subjects or end users in designing products, sgsteenvices.

Furthermoreconducting a research on the specific needs by sp@upulation requires a

good knowledge about the subjects. This highlights the importance to also understand how
sensory changes and declines affect older adults with or without cognitive impairment. Once
the difficulties and limitations are recognized,odifications and adaptations (to the
environment for instance) can be restruadute make up forthe losses. Similarly
(importan}, by accepting the process of ageing sensory systarould ease the transition of

modification they need to face in penfaing daily tasks.

Sensory impairment isynonymous with beingld, despite thémmensedebates on sensory
decline being the feature of old age. Nonethe{edwether or ngt it still brings one of the
greatest difficulties to the modern society at presémyhow, agestill represents the major

risk for all the sensory impairment. In a simple word, the longer people live the worse
sensory decline they will experiencdén addition, the sensory impairment on the most
important onesvisual and hearinghasan impact on the quality of life of the elderly. It is
quite unfortunate that they are highly associated with conditions that affect the older persons
[161]. The healthrelated impact of sensory loss is significant, even though the impairment of

senses is not an actual filereatening cause.

While this is the case, the decline of sensory takes place unequally ardacavreling to
the age of an individual. As mentioned ¥62], agerelated changes accelerate at these
approximate age ranges: (1) Vision: paids, (2) hearing: mid 40s, (8uch: mid 50s, (4)

taste: mid 60s, and (5) smell: mid 7@n top of that, this condition similarly affects the
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individuals with AD, since most of them are eldefly8]. The older adults with B also
manifest the worsening of sensory decline as they grow older and as the disease progresses

alongside with cognitive and behavioural changes

The limitations caused by sensory declines as a consequence of AD are qualitatively similar
to the limitatons caused by senescence (or biological agdit@3][164]. The differences

could be apparent in terms of interpreting the informagiathered and interpretedhere is

alsoa possibility that sensory impairment can increase the risk of diagnosing with AD and
clinically increase its severity, for example the visual and hearing impaift&sjt[166]. In
conjunction with this, as gained by[167], the oriented search is linked with cognitive
mapping and several other spatialated cognitive processes. In orientedrceathe
individual often orientates based on the source of destination, then systematically searches
until he/she reaches the intended destination. For normal persons without sensory disability,

they tend to rely profoundly on visual, despite the accisgitor the other sensd467].

On the contrary, for persons with visual impairment or blind petipdy maybe depending

on auditory,vestibular (sense of balance) and proprioceptive (sensory receptor that detects
the body position/motion by responding to stimuli arising within the organism) information
[167]. Nonetheless, in the case of AD, since the older adults experience sensory decline due
to ageing, it affects their sense of directions indirectly. This problem may gradually worsen

their spatial cognitiofil68] that is needed for precise wayfinding.

As the most needed sensory for andygogntwedi ng,
aptnessdue to aging has an undesirable implication on their spatial skill. The loss of vision

affects contrast sensitivity, visual processing and visuospatial that subsequently impairs the
ability to orientate and navigate in the environmg&9] [170]. Hearing loss could also
affect AD patientsd wayf i ndi ruditoradnd resultedires du e
the visuospatial dysfunctiofL71]. These changes and limitations of sensory impairments

shown by olderadults with and without AD are presented further in this section.
In this study, the priority on the review of sensory impairments is given to the mostly

correlated sensory for wayfinding or navigation. The notion on wayfinding is associated with

sengry acuity is yet to be justifieth this research work. Thus, the following subtopics
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discuss the details about the declines of vision, hearing and touch in normal elderly and
elderly with AD.

2.4.1 Sight/Vision

While undoubtedly that all the senses are irtgod foro n ew&lsbeing, vision and hearing

are particularly the most vital factors since they aféggte r sondés abi |l ity to f
in any given physical environment. The changesision and hearingvill possibly lead to
isolation.Age affe¢ s t he shape of peoplebdbs eye | ens, é
Simultaneously whethe pupil gets smaller, it causes the thickeningheflens, while both

lens and cornea become less transparent. This results in less light reaching theddtiea an

field of vision shrinks[172] [173]. Older adults usually have trouble to see at low light
environment, discern objects with low contrast coland differentiate the shades of aglo

They indeed need more light to see well.

The changesn vision due to agag can be recognized by several aspects of declines in: (1)
sharpness of vision (or visual acuity), (2) ability to focus on objea#fatent distances, (3)

ability to discriminate between certain cats, (4) functioning in low light levels and

adaping to dark, (5) ability to adapt to glare, and (6) judging distafite4]. The inability of

the eyes to see clearly due to the decrease sharpness of vision or acuity is the most common
agerelated vsion change. Visual acuity refers to acuteness or clearness of vision that of
uncorrected visual a[16h],iot thye ability totrelsodve Highonttagt r s y S |
spatal. Visual acuity is at its top for the late teens and remsonmitil the age of 45 to 50,

after which it progressively declines. As reported [dy'5], onehalf of people by 65 years

old have a visual acuity of 20/70 or less. This means, what can be seen from 70 feet by a

persorwith perfect vision can be seen only from 20 feet.

The other common change of aged vision is the gradual loss of ability to focus, as the lens of
the eye becomes less elastic and causing slowed \iki@h This condition i
eyed or pr es bsyooipabildy tordad smiall prirenél agparently itstarts early,

around 45 years old75]. This cause the eye take longer to focus on close objects, and it

will causemore inconvenient blurringDue tothis condition, older adults require more time

to recognize objects or to focus on objects at different distanckealsm the ability to shift

focus is delayed.
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Colour discrimination and contrast sensitivity will also decrease with dd€7]. The
consequences of aged lens and cornea wikkedoe glare when light scatters. This leads to
poor vision quality, mainly when the pupil dilates in the dark. In addition to this, aging
persons tend to see the fading andraedkin colours. For instance, due to the yellowing
effects in the lens, calos at the blue end of the light spectrum seem to be fading the most
and to merge into greens. This results for older adultbeiogable to distinguish between
shades of colas, especially for blues, greens, and violets. The changes imrcolo
discrimingion and contrast sensitivity decline are illustrated in FiguBe & describe by

[178] where itdisplays the same scene through the lens of people at different ages.

20 vears old 40 vears old

i 60 vears old 80 vears old

Figure 2.3:The same scene observed by differentgrgeps (20, 40, 60 and 80 yea
old) by[178]

Intermsof howtheage af fects peoplebdbs eye |l ens physic
towards the vision are relatively similar to both esldadults with or without cognitive
impairments. What makes the vision of dementia patients different is closely dependable
upon how they perceive the information they see. In relation to this, due to deficits in the
working memory, older adults with AD giaire more time for feature extraction and feature
search[179]. Here persons with AD and advancedeang usually experience the reduced
control of spatial focus of attentigh51].

Visual function is affected by AD early in the course of the diseaskhe visual function
decline correlates with the cognitive declid80]. For someone with AD, there are several
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common deficits in vision they manifest, such as: (1) contrast sensitivity deficits in the lower
spatial frequencies, (2) motion perception (ability to detect movement) is reduced, (3) visual

field defects and (4) color discrimination of blue (short wavelength hues) is reduced
[180][181] . The changes of vision caused by both aging and cognitive dysfunction factors do

have an impactotheper sonds spatial skill. For exampl e
spatial vision in terms of (i) static acuity; (ii) contrast sensitivityl @) visual processing in

the periphery[170]. This depends on the fact that the density of photoreceptors in the
periphery declines with age and/or demertiiat the effects is substantial.

As also agreed bjyL69], persons with ADgettinglost in the environmerdo not necessarily
mean it isdue to their confusion, but becausktheir viswal processing associated with
akinetopsia (motion blindness) is impaired. Likewise, the disease also could impair form
identification (parvecellular stream) and visuospatial (location) skills that affdwsability

to judge depth169]. This resuk in their ability to orientate and navigate in the space
graduallydiminishing as the disease worsens. Then again, visual impairment is potentially
contributing to the cognitive dysfunction iAD. This is approved by[165], as they
documented thapoorly uncorrected angoorly usual near and farvision acuity were
significantly associated with poor cognitive functiogiras measured by the MMSE.
According to thisestimation, the nearsion acuity for demented persons is 20/200 and
20/100 for nordemented, while favision acuity for demented persons is 20/70 and 20/60

for nondemented.

Visual impairment is defined byhe World Health Organization (WH()L82] as best
corrected visual acuity of less th@r8 (20/60) but no less than 0.05 (20/400) in the better eye
The classifications of visual impairment and blindness as reportéHgy are:
I.  mild vision loss/neanormal vision: 20/30 20/60
Il.  moderate VI/moderate low vision: 20/7@0/160
lll.  severe Vl/severlow vision: 20/200 20/400
IV.  profound VlI/profound low vision: 20/50020/1,000
V. neartotal Vi/near total blindness: < 20/1,000
VI.  total Vl/total blindness: no light perception

The impairment of visual perception of older adults with AD caused many negative

impedimenton their daily life. The effects and changes of vision by AD are exemplified in
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the Table 2L below. Indeed, visualimpairment is a weléstablished cause of depression,

personal injury and social isolati¢h78].

Table 2.1: Effects of AD towards visual functiofi$69]

Visual Acuity Normal for age

Color vision Deficits in color discrimination padularly on the blue axis
Stereoacuity Deficits in both monocular and binocular depth perception
Contrast Sensitivity Deficits in seeing both low and high spatial frequencies
Motion Perception Deficits in motion discrimination

Evoked responses Deficitsin Flash Visual Evoked Potential (FVEP) and Pattern

Electroretinogram (PERG) particularly for high temporal
Freqguencies

The efforts to overcome their weaknesses through providing the appropriate interventions and
therapies would give a huge benefit teithwell-being. For example, improved color contrast
may support the wayfinding by increasing both shemn memory and spatial awareness
[169]. Also, improvement of visual environment dmaulus may augment some cognitive

functions in AD patients.

2.4.2 Hearing

After vision, loss of hearing possibly thenext most serious sensory impairment since it is

rel ated t o @ socinanobvisus feateethe chBnges in hearingi seldom
gamerspeopl edbs empathy and understanding, unl i
blind people or those with severe visual impairment may appear with white cane, thick
glasses and maybe a dog, but deaf persons or someone with hearing disailitgasily

recognizable.

The change of hearing is relatively gradual and it will certainly decline witlhl8$2 [184],

starting at middle age. Agelatedhearing loss (or presbycusis) is the loss of hearing that
gradually occurs in most of us as we grow olfl#85]. It is obviously a very common
condition affecting older and elderly adults. The decrease in elasticity of the eardrum causes
the hearing loss, and the ability to hear clearly declines with age.

Meanwhile, hearindgpss is defined as the average hearirsg lihresholds at 500, 1000, 2000
and 4000 Hz, greater than 25dB of hearing loss in the worse ear measured-tpneure

audiometry[186]. Instead, hearing impairment refersatearing loss that prevents a person
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from totally receiving sounds through the ear and present as 25 dB or more at the best ear.
According to[186], the degrees of hearing impairment are categorized as: (1) mild (>25 and

040 dB of hearriatge | (08460 ,anM®)O mo@edB of hear.
of hearing loss).

The hearing loss begins at a young age and decline progressively during the 20s, 30s, and
40s. Then again, the stable hearing remains until the age of 60 and progressivegsdecli
[174]. [187] stated that, around 40% to 45% of adults at the age of 65 and older show some
degree of hearing impairments. This condition is rising to 83% in adults over 70 years. In
relation to this,approximately 17 % of the UK population betweeri &1 years old are

unable to hear sounds at 45dB, whictequalsto a moderate whispdi78]. Figure 24

illustrates the prevalence of vision and hearing impairment in aged British population.

60 - | —
M Vision

50 1| mHearing

Figure 2.4 Effect of age on the prevalence of vision and hearmg impairment in the B
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population.Vision impairment is defined as a visual acuity of <6/12 and hearing impair

as failure o0f331Lhe O6whisper

The ageassociated changes in hearing can be caused by the damage of delicztshai

the inner ear functiothattranslate soundwaves into nerve impuldé8]. The difficulties in
hearingis obviousin the higher frequencies, in the range of frequencies from 250 to 6,000 Hz
[178]. Nonetheless, many people do not realize the changes in hearing until they find
difficulties to hear in high frequencies, usually around 50 to 60 yeafd&®ql For instance,

higher frequency consonants like t, p, k, f and s are hard to hear because of the loss in
sensitivity. Also, it would be difficult to hear the words which sound similar, such as
tea/peal/key, shop/shot/shock or fine/shine/sign.
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The Iss of hearing may cause a number of serious psychosocial consequences, which may
include social isolation, tendencies to be paranoid, depression and lossesteseth. Then

again, one of the most obvious and adverse consequehahis condition is it mpairs

per sonsao communi cati on skil I . Thi s (S cont
processing capacity and cognitive decline in collective that diminish speech understanding in
everyday situation§l190]. It certainly has a significant impact on communication in social

situations and a major emotional reaction as a result of communication difficulties.

Moreover hearing loss could jeopardize relationships and independent liviiod Wead to

the increase of need for care. Even worse, the decline of hearing #aetaroin senile
dementia. For older adults with AD, the cognitive impairment is impacted by the change of
hearing. As documented p¥87], the impaired hearing and the deteriorated central auditory
increases the risk of conversisom nondemented to dementia 5 to 10 years later. Likewise,

in MCI and AD, the progression of hippocampal loss was detected over 6 months and

accelerated over 1 yeHro1].

Auditory scene analysis (a proposed model for the basis of auditory percg@iinfor

deficit in AD appeared to be seen as a problem to understand and follow speech in the
presence of unnecessary noise; salient environmental noises for if4@8jcélhe poor
performance on both verbal and nonverbal cognitive tests in a stufy8By is greatly

linked with the more severe peripheral hearing loss. This is supported by these studies
[194][166] that agree on the decline of central auditory processing due to the severe
peripheral hearing loss results in great occurrence of cognitive impairment, and finally
diagnoses with AD.

In relation to this, aseported by[171], the performance of auditory scene analysis tasks in
AD is influenced by nonverbal working memory capacityisTis supported by the study by
[195], who mentioned that temporoparietal dysfunction is initiated by working memory
deficits in AD. While this is the case, from the perspective of deterioration in spatial
navigation skill, the contributive association between the working memory of AD and central
auditory remains uncertaifrurthermorethe study by171] presents a common foundation

for nonverbal working memory deficits which affects the visuospatial and auditory

information in AD.
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As previously highlighte@nd discussed, apart from spatial orientation and working memory
deficits, visuospatial is also common conditions of ageing and cognitive impaifbiit
[157]. These deficits apparently resulted in the impaired of wayfindingiabito the persons
with AD. Therefore, it could be said that there iscarrelation betweerthe hearing

impairment in elderly with AD and their decliné spatial ability.

2.4.3 Touch

Touch is definitely a magnificent and necessary sense. The sense oémaitdghe person

to gauge the distandeetween objectdp be alertedo dangerto enjoy the touch of another
person, and most importantly in the cdiwh where other sensory (like vision and hearing) is
disturbed ornonfunctioning This shows that many of our daily activities rely on this
important sensory. However as we @égeomparable to vision and hearirthe sense of

touch or tactile acuity ialsoprogressively weakendd96] [197]. Tactile acuity refers to the
extent to which one can discern small structuralildeta objects that touch the skj@98].

As reported by178], the numbers of receptors decrease due tog@gpossibly because the
drop in receptor renewal rate (threefold decrease in Meissner corpuscles in the little finger

from 25 per mrhat 20 years to 8 per nfrat 80 years).

Humandés sensitivity of tactil e 1 sampg ther s e
detection thresholds is lowest at the firgps, lips and tip of the tongue, while it is
comparatively high on the back of the hands and[fet8]. Unfortunately, the skin becomes

less taut and it loses the elasticity as people grow ¢l&8]. Simultaneously, the loss of
tissue occurs instantaneously below the skin. This contributes to the changes in the amount of
fat below the skirandat the same time reducing the numbers of nerve endings. As mentioned
by [178], the diminished cutaneous sensitivity towards the tactile and vibrotactile stimuli is a
norm for older adults. Accordingly, the diminished sensitilggds to the e r sinabildys

to discriminate between different stimuli almdng aloutthe decrease of reaction time.

The abovementioned conditions are greatly allied with a higher threshold fdip8inThe
decline in nerve endings and thlass of skin sensitivitywill causean older person ndb
notice injurieslike cuts and sores, which leads to a more serious health impact due to

infections. The impairnm@ of tactile acuity is often referred to as tactile agnosia. It is
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inability to recognize objects by touch, in the presence of intact cutaneous and proprioceptive

hand sensation caused by a lesion in the contralateral parie{2i00pe

In a nutshell, ageelated changes in touch, skin, and thermoregujatystem (the process

that allows the human body to maintain its core internal temperature) can be seen in: (1)
decreased of response to thermal stress, sensation to pain, vibration, heat, cold, and pressure
and reduced skin elasticity, (&ybcutaneoufat thiming that weakenthe ability to maintain

body temperature, (3nefficient sweat glands that keeps cool in heat and (4) skin takes
longer to heal of cut or wound. Aigg also affects elderly common manual functions, such

as the important roles tfie fingers to grasp, lift and manipulate obj¢2&l].

Furthermore, the weakening of manual function is due to the decreased tactile sensitivity that
continues with ageandnot because ofthe hange i n hands[@0llnMorecul ar
importantly, during agng, the perceptual impaired tactile acuity caused by physiological,
structural, and metabolic charsgmay lead to the ageelated sensorimotor and cognitive

domain decline$202]. Nonet hel es s, even if this condi
cognitive ability, implicit memory for hapticexploredobjects is preserved in individuals

with mild AD, despite the great [2A03hEeplick ment
memory is referred to as a memory of past information or experiences that can be
intentionally and consciously retrievg204]. On account othe cognitive dysfunction, the

two elements of explicit memory: (1) episodic memory (retrievable personal event®)and (

semantic memory (retrievable facts and figures) are also affected.

In contrast, implicit memory refers to an unintentional or nonconscious experiential or
functional form of memory that cannot be consciously rec§fied]. Since implicit memory

is conserved in the early stage of AD , one
probably preserved too. As documented 23], patients in the early stage of AD maintain
intact haptic priming. The term o6primingé ce¢
the exposure to one stimulus (namely perceptual pattdtagnces the response to another
stimulus[205].

The conservation of complete haptic priming is proven with the assessment of a speeded
object naming task, even though the recognition pedaga is highly impairef203]. As

reported, the primng effect is compatible with the healthy older or young adults. In implicit
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memory, things that we do not try to purposely remember are stored, because it is both
unconscious and unintentional. Therefore, designing an intervention that involves the
continuous practice of a task could benefit the people with dementia. The most beneficial
factor of preserved implicit memory could be to maintain the performance of the daily
activities, such as riding a bike, driving a @arsimple cooking tasks. Consequgntthis

would also work for therapeutic and training purposes for elderly with fADexample in

wayfinding intervention strategies that require constant practice of navigation task.

It has been shown that the use of the skin or tactile perceptionmadiam to convey
information could certainlybe beneficial, exclusively when the visual and/or auditory
sensory are overloaded or weakei2d6][207]. Equally important, visual and hearing as

they are the most needed sensory for navigational purpose, they are apparently the most
affected [162] due to the age and deteation in cognitive domain. Therefore, in
conceptualizing the appropriate intervention for wayfinding assistance in particular, the use
of multimodal system through the rich sensation available in human skin via tactile

communication should be further egpdd.

To summarize, it is relatively a norm that human sensory in general is degenerated as we
agel and as the cognitive domain declined. In relation to this, wayfinding also depends on the
sensory acuity, as oriented search is linked with sensoryyriaa visual[167]. Thus, we

can conclude that the sensory impairmdoéshave an influence towards the declining of
wayfinding ability. Tdle 22 below summarized the changes in older adults and elderly with

dementia for vision, hearing and touch, as preceded above.

Table 2.2: Profile of sensory (visual, hearing and tactile) change or impatse older adults with and

without dementia

Visual Presbyopia (old eye) manifests at around the age of 45

Elderly have trouble to see at low light environment, discern objects with low contrast

and differentiate the shades olar.

1 They manifest declines in sharpness of vision, ability to focus on objects at different dist
ability to discriminate between certain colors, functioning in low light levels and ada
dark, ability to adapt to glare, and judging distances.

1 Onehalf of all people by 65 years old have a visual acuity of 20/70 or less.

1  Elderly experience gradual loss of ability to focus, that makes them need more t

recognize objects or focus on objects at different distances

Color discrimination and ¢drast sensitivity are decreased with age

Older adults not able to distinguish between shades of colors (especially for blues, gree

violets).

1 Due to deficits in the working memory, AD patients require more time for feature extre
and featureearch.

= =9

= =
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Visual function decline correlates with the cognitive decline. This resulted in col
sensitivity deficits in the lower spatial frequencies, motion perception are reduced, visu:
defects and color discrimination of blue (short wavelengéshis reduced.

AD patients show a decline in spatial vision in terms of static acuity, contrast sensitivit
visual processing in the periphery.

AD patients got lost in the environment because their visual processing associate
akinetopsia (motin blindness) is impaired.

Visual impairment contributes to the cognitive dysfunction in AD. Poorer uncorrectec
poorer usual nearand farvision acuity were significantly associated with poorer cognit
functioning as measured by the MMSE.

Hearing

E ]

= =

Age-related hearing loss (presbycusis) gradually occurs in most of us as we grow older.
The decreased in elasticity of the eardrum causes the hearing loss clearly declines with
Age-associated changes in hearing caused by the damage of delicawlsair the inner eal
function as to translate soundwaves into nerve impulses.

Hearing difficulty is obvious to the higher frequencies (250 to 6,000 Hz)

Higher frequency and the words which sound similar are hard to hear because of the
sensitivity.

The loss of hearing results in social isolation, tendencies to be paranoid, depression an
selfesteem.

One of the most obvious consequences of hearing loss is the impairment in commur
skill, due to the deficits in central auditory prosieg capacity and cognitive decline th
diminish speech understanding.

Decline of hearing is cofactor in senile dementia. It increases the risk of conversion fror
demented to dementia 5 to 10 years late.

Auditory scene analysis deficit in AD is appeé as a problem to understand and foll
speech in the presence of unnecessary noise.

The poor performance on both verbal and nonverbal cognitive tests is linked with the
severe peripheral hearing loss.

Decline of central auditory processing dudtte severe peripheral hearing loss results in g
occurrence of cognitive impairment.

There is a common foundation for nearbal working memory deficits which affects tt
visuospatial and auditory information in AD. Visuospatial is common conditioregeihg
and cognitive impairment. These deficits resulted in the impaired of wayfinding abiliti
AD.

Touch

= =4 =9

As we age comparable, sense of touch or tactile acuity is progressively weakened.
Numbers of receptors decrease due to ageing, because the drogptor renewal rate.

With ageing, skin becomes less taut, it loses the elasticity and the loss of tissue occur
the skin. It changes the amount of fat below the skin and the numbers of nerve endings.
The diminished sensitivity makes personshiedo discriminate between different stimuli al
cause the decrease of reaction time.

Loss of touch sensory allied with a higher threshold for pain. Declined in nerve ending
because the skin loses sensitivity make older person not noticing ingiigulik and sores.
Age-related changes are decreased of response to thermal stress, sensation to pain,
heat, cold, and pressure and reduced skin elasticity, subcutaneous fat thins that weel
ability to maintain body temperature, inefficiesweat glands that keeps cool in heat and ¢
takes longer times to heal of cut or wound.

Aging affects manual functions: roles of the fingers to grasp, lift, and manipulate objec
to the decreased tactile sensitivity.

Perceptual impaired tactilecuity caused by physiological, structural, and metabolic ch:
lead to the ageelated sensorimotor and cognitive domain declines.

Implicit memory for haptically explored objects is preserved in individuals with mild AD.
Implicit memory is conserved ithe early stage of AD and these persons maintain ir
haptic priming. Even though the recognition performance is highly impaired, haptic prim
conserved.

Tactile perception as a medium to convey information is certainly beneficial, when the
and/or auditory sensory are overloaded or weakened.

Visual and hearing are the most needed sensory for navigational purpose, but th
affected due to the age and deterioration in cognitive domain.
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3 Related Works onlintervention Strategies

3.1 Introduction

Spatial navigation skill graduallgeclinesfor elderly with AD as the cognitive impairment

increases and the disease progresses. Nevertheless, there is still lack of information on the
level of wayfinding disabilities due tiheir severity of AD and the soceEconomic impacts

towards caregiving. Thus, it is important to reflect the emerging issues as a first step towards
finding out the potentials of wusing design a
wayfinding «ills. The needs to develop more promising interventions or therapeutic

approach on wayfinding deficit are appropriate at present.
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For this section, systematic review methisdused to identify and addredke related
literatures on wayfinding strategiesvhich are being discussednext. Systematic review
techniqueis choserdue to its efficient scientific technique, generalizability, consistemzy
inconsistency, power and precision and accurate assesgf8htThe method is practical
for both consistent scientific findings that can be generalized in terms of populations,
settings, and treatment variations or if the findings are varied. Addiyonalbe considered
for the review, the selected articles should provide evidence regarding one of the key
guestions raised, and address the predictor variables of thg268jcIn this case, it is the

wayfinding strategiefor people with AD or dementia.

As reported by209], there are five main steps to be considered in conducting a systematic
review: (1) framing questions for a review, (2) identifying relevant workag3gssing the
quality of studies, (4) summarizing the evidence, and (5) interpreting the findings. But again,
the search and review of related works for the question raiseddiveked into: (1)
wayfinding intervention strategies and (2) assistive wayfinding technologies. The first review
discusses on general design and technological application/intervention for wayfinding, while

the second review emphasizes primarily on assiséchnology.

3.2 Wayfinding Intervention Strategies

Researches that focus on other deficits of people with AD or dementia and studies about
wayfinding strategies for other disabilities, mainly visual impairment in general are not less
noteworthy.Moreover the studies on these subject matters are known aneecstablished.

Quite the reverse, research works that aim on the intervention strategies in supporting the
wayfinding disability for individuals with dementia are topical and should be further

promoted

In this first review, the goal is to search and review on the existing body of wodesign
and technological wayfinding intervention strategies for AD or dementia patients in general.

This review is indeed useful #sefirst step in finding themportant gaps from the previous

studies on the mentioned subject. The found

further developing the research.
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In finding the related works to meet the aim proposed above, a computerized search using
five major electronics databases was carried out. They are: (1) PubMed/MEDLINE
(http://www.ncbi.nlm.nih.gov/pubmed), (2) Scopus (http://www.scopus.com), (3) SAGE
journals (http://online.sagepub.com), (4) IEEE (http://www.ieee.org) and (5) Springer Link
(http://link.springer.com). Relevant articles were identified through searches using the
combinations of the following keywor ds: (1
navigation, (3) orientation intervention strategy (4) design and/or technology, and (5)

dementiafriendly design.

Initial hits in electronic search (from
PubMed/ MEDLINE, Scopus, SAGE
journals, IEE and Springer Link)

n =372

First screening (based on inclusion
criteria)
n=39

Additional search f rom
references

n=4

Screened and Added
n=43

Second screening (based on exclusion
criteria)

Excluded literatures
n=34

Figure 3.1: Search strategy for the selected literatures

Selected literatures
n=9

The |l iteratures were selected based on the
relevancy. Articles were included in the existing review only if they met the generic criteria

of inclusions: (1) orientation trmtegies (or any form of intervention) by means of
experimental studies that promotes the application of design and technology, and (2) an
intervention to assist SD (or any terms of orientation deficits) who suffered mainly from
dementia of peA(DATH endnid mass be pemviewed articles in English
language only. Recent literatures were prioritized to provide a review on the existing and
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advance interventions to promote diversity and avoid reiteration of similar approach.

Therefore, the seah was limited from 1994 onwards.

Furthermore, references listed in the selected articles were also searched using the same
computerized strategy, in case omitting appropriate articlesor inclusion. Once the
additional search was added, articles wenee again screened and excluded if; (1) the
experimental studiedid not involve at least one participant who suffered from AD, and (2)
gualitative or selreported studies whiclwerenot intervention on orientation strategies. The
literatures were onlyedected after they went through the screening procedures. The search

strategy to identify and finalized the selected literatures is summarized in Fifyatzo8e.

3.2.1 Findings

From the search strategy, nine articles concerning intervention strategiespgorts
orientation deficits caused by cognitive impairments of AD or demeeia finally selected

They were categorized into; virtual reallbpsed (n= 4), assistive technology (n=3), and
environmental enhancement (n=2). Tableshows these selectdtelatures according to the
main topics of discussion; demographic of participants, aims of the study, intervention
strategies or the methods and the outcomes of interventions. At the ibsisetild be noted
thata fewstudies were found relevant aneitéfore for the purpose of generalization careful

considerations should be taken into account.

The selected literatures were basically current research works with the earliest was in 2000
(n=1) and the latest were in 2014 (n=1) and consequently revaalhith area is still green.
Participants of the experimental studies are one of the important topics to be discussed since
the review focuses on individuals with mainly DAT. As mentioned in the criteria of inclusion

earlier, recruited participants musinsist of at least an individual with AD.

All the participants in these literatures varied from young adults (mainly for control
population) to elderly with AD which gives the range from 25 to 94 years old. Four studies
recruited control group (CG) in tineexperimental studies basically to compare the efficacy
of interventions towards both groups of participdi#2], [210], [211] and [212]. Most of

the recruited participds were diagnosed with AD, but vary from preclinical, mild cognitive

impairment (MCI) and DAT; mild, moderate and severe patients. The severity of AD
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reported in the studies was mostly based on the assessment ofukedolini Mental State

Examination(MMSE) test,with scoresangingfrom 4 to 24.

The other ratings used were Montreal Cognitive Assessment (MOCA), Cognitive Ability
Screening Instrument (CASI), Clinical Dementia Rating Scale (CDR), Consortium to
Establ i sh R e g Disease @ERAD)randd\Neuropslchidtrie inveetaryd s
(NPI). In one study213], specific information on type of demensaffered by participants

for

was not reported but ranged from mild to severe dementia.

Table 3.1: Selected literatures of intervention strategies to facilitate AD patients with wayfinding deficits

STUDY

PARTICI PANTS

AIM

INTERVENTION
/ METHOD

RESULT

Zakzanis et al.
[142]

8 young adults (mean
age; 25.3)and 7
older adults, Df them
diagnosed as
preclinical AD (mean
age: 61.6)

To examine ageand
AD-related
differences in route
learning and memory
using VR.

Spatial memory task
took place in a VE
integrated with virtual
city.

Young adults more
efficient in path
navigation tharolder
participants. Whilst,
patients with AD
made more mistakes
on the recognition
task, mistookthe
elements in the
(virtual) city

Jheng and P§210]

19 Patients with early
AD(mean age: 67.6)
and 18 normal contro
(mean age: 66.4)

To investigate the
cognitive maps in
early AD patients and
their application in a
computergenerated
arena (CGA).

Handdrawing tests
(for assessing
cognitive map of
familiar environment)
and CGA (new
environment learning

Early AD patients
maintain the abilityto
use a cognitive map
and keep pretty good
allocentric
representation of their
familiar environments
similar to control
group. Howeverboth
groups might not
properly use their
cognitive map to
navigate in everyday
life

Morganti,
Stefanini, and Riva
[211]

26 AD patients (mean
age 81.0) and 26
(control) healthy,
elderly subjects (mea
age: 77.2)

To study whether
there is a decline i
performing the alle
to egocentric
translation of spatia
knowledge during
different types of|
wayfinding in AD
patients

Two virtual reality
tasks; te VR-Maze
and VRRoad Map
tasks

There is a specific
reduction in
performing allocentric
to egocentric spatia
tasks in AD. But this
reduction is not as
obvious in equivalent
allocentric spatial
tasks

Zen et al[212]

8 individuals
suspected of mild to
moderate AD (man
age: 71.1) and 11
cognitively healthy

controls (mean age:

To investigate the
orientation ability of
individuals with AD
using Virtual Reality
Navigational (VRN)

test by analysing the
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VRN experiment test
(a virtual cubic 3
story building, which
looks identical from
each side)

People suspected of
Al zhei mer 6
perceive the VR
without the help of a
physical model. The
required mapping to



70.4)

type of user error
such as fis
and fAcorne

transfer between
virtual and real world
settingsis deteriorated
in AD subjects

assistive technology

Lancioni et al. 3 patients with mild to] To assess whether Al Basic AT-based The orientation
[214] moderate AD (73 to | patients could learn tq programmehat system was effective
83 years old) use basic orientation | provide brief verbal | in helping the
technology to reach | messages (cues) participants to reach
different rooms within the target destinations
their day centre. within their day centre
successfully
Lancioni et al. 5 patients with To investigate the Auditory cues (verbal| Theprogrammewith
[215] moderate AD (72 to | effectiveness of messages auditory cue system is

80 years old)

orientation
programmenvolving
auditory cues and to
compare wit a
programmewhich use
light cues

automatically
presented from the
destination) vs. light
cues (strobe lights
were used instead of
the verbal messages)
AT programmse

effective. It gves
comparable
significant results
similar to light cues
programmen helping
all the participants
reach the target
destination

Caffo et al[216]

Marquardt and
Schmieg[213]

4 persons with
moderate to severe
AD (67 to 89 years
old)

450 residents with
dementia in 30
German nursing
homes (mild, n=91,
moderate, i+ 183,
and severe, n = 176).
Age not specified

To compare between
compensatory (AT
Programmgand
restoraitve strategy
(Backward Chaining
procedure), in
reducing wayfinding
deficit and promoting
indoor travelling in
AD

To implement the
results of the study
into the design of new
or remodelling of the
existing facilities,
mainly on floor plan
typology

Comparison between
AT programmgAT,
i.e., remotely
controlled sound/light
devices) and
Backward Chaining
procedure (familiar
objects of the
environment)

environmental enhancement

5 wayfinding route
tasks in nursing
homes which had to
be a part of the
acivities of daily
living conducted by
skilled nurses.

AT programms can
be valuably employed
for restoring and
maintaining
independence indoor
traveling in people
with moderate to
severe AD. Whilst,
BC procedure might
be preferable in
conventional teaching
strategies

Most significant
supportive factor in
floor plan typologies
is the straight
circulation system.
Dependency on
supportive
environment is
increasing as the
severity of dementia
progresses

Passini et al[217]

6 patients with
moderate to severe
AD (76 to 94 year
old)

To generate design
criteria in order to
encourage and
facilitate wayfinding
for advanced

Al zhei mer 6
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Interviews wih the
staff of a typical
urban nursing home,
and wayfinding
experience with its
residents

Supportive
environmental
information is crucial
to help wayfinding.
Physical environment
may result in either
positive or negative
impact in wayfinding.



3.2.1.1 Virtual R eality (VR)-based

There is a variety of conventional taligp assessment techniques used to measure
degenerative of cognitive functioning domains, like SD as one of the major deficits in AD.
However, these conventional techniques seem to bataokimportant aspect of reatorld
navigations, namely translocation, or at least the illusion of movement of the body in space
[218]. The alternative anddvanced technological application that may artificially recreate
the realworld [219] is called Virtual Reality (VR) system. It is defined as technology that
integrates realfime computer graphics, sounds and other sensory input to create a cemputer
generated world which the user can intefa20]. The adoption of VR system is meant to be
dynamic, interactive and testable via Virtual fleg method[221]. It is suitable for
therapeutic and assessment purposes that involve construction of physical environneent. Her
four studieq142], [210], [211] and[212] that utilized the distinctive flexibility of VR in their

interventions for assessing ADO6s wayfinding

In one study conducted by Zakzanis ef®2], theyimplemented VR system to examine the
relationship and differences between age and Airerlearning and memory factors. The
spatial memory task was conducted in a Virtual Environment (VE) ground. In order to
experience the immersive VE, video unit goggles were placed over their eyes using a Head
Mounted device. In this test, they neededawigate within the virtual city effectively and by

the endof the sessioithey were assessed on their level of recognition of the buildings and
objects incorporated in the immersive VE. The test module consisted of the reallife
navigation like walking on sidewalks, and rossing the streetComparing the results of
navigational task, older adults have lower average of distance travelled (effect size of d=1.17)
and high number of wrong turns (mean effect size of d=1.04) as compared to young adults.
This suge@sts that older adults faced more difficulties and took longer time to finish the
navigational task, whilst AD patients took the longest and made most mistakes especially in

recognizing elements and objects in the VE.

Jheng and Paj210] aimedto investigate the cognitive maps of individuals in early stage of

AD and its application towards navigational skills in compygemnerated arena (CGA). In

this experimental study, they assessed at least two orientation strategies using egocentric and
allocentric approaches in order to develop specific cognitive map. They posited that the

i ndi vi dual 06 scoudde developed by raitergting the same navigaiio a
particular environmentn this intervention, assessment of new environment leaandghe
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application of the old map were conducted in CGA. The results of new and old environment
learningsverified that normal controls (NCs) did slightly better and took less time than AD
group, but therevasn o si gni fi cant difference (t=10.147,
individuals with early ADwerestill able to use cognitive skills during navigational tasks and
maintaired their cognitive maps of familiar environment3.he finding suggestd that the

declining spatial ability in early AD patients might be due to the improper use of cognitive

maps in their daily wayfinding.

Morganti et al [211] investigated whether there was a decline in performing the allocentric

to egocentric translations of spatial knowledge duriripint types of wayinding in AD

patients. Two virtual reality taskstamely, VR-Maze spatial task (VRIT) and VRRoad

Map task (VRRMT) were used to evaluate their abilities to explore complex environments
using allocentric map but applying egocentsiay-finding technique instead.he results of

the correlation between neupgychological tests (MMSE) and (1) VRT ( Pear sonods
p <.001), and 2) VRRMT ( Pearsonds . 37 1dthatp/R taskcodld 8) d e
assess general cognitive functionaléind specific egoand allocentric spatial cognitions.

This indicates that AD patients portray a decreasing ability in performing allocenric to
egocentric spatial tasks, butwias not as obvious in equivalent allocentric spatial tasks. In
comparison, mdsof the participantén CG shovedthe ability to plan a path in the VE when
providedwith the same perspective.

Zen et al[212] in their study investigated the orientation ability of individuals with AD using
Virtual Reality Navigational (VRN) test by analysingthey pe of usersodé error
erroro and fAcorner error o. storeysbuilding.sTthey ma d e
hypothesized that even in the early stage of AD the ability to orient using egocentric
information decreased, while general orieiota might be preserved by using allocentric
perspective in mild AD patienturing the VRN experiment, all AD subjects were unable to

find the target room as contrast to CG with the maximum error score of 80. Results of their
statistical analysis showedat therevassignificant difference between AD subjects and CG
(p=2.5e5). Thus, they suggested that individuals suspected with AD were unable to perceive
VR without the help of a physical model. AD subjeutsre able to perceive VR after
practicing withthe physical model that imitate/E. From this study, itould be concluded

that depreciation of cognitive mapping whighas transfered from virtual to real world

settingwasobviouslydemonstrateth AD patients.
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3.2.1.2 Environmental Enhancement

Improvement 6 physical and social environments in supporting individuals with AD has
gained a significant attention and carries weight in dementia care research works. However,
AD patients usually show difficulties to adapt to the provided environment and less capable
to control the environmental factor due to their cognitive babaviouraldeficits [213].
Therefore, it is cruciao consider that their environment is designed to meet their needs. This
somehow allows the autonomy to take place by maintaining an active everyday practice.
Environmental factors like lighting, acoustic, climatglour, furnishing, materials and
flooring are able to be modified, manipuldtnd combined to meet the needs and supporting

the inabilities of AD patients, which include SBhenwe refer to dementifriendly design.

Marquardt and Schmig@13] aimed to implement the results of their study into the design of
new deviceor remodeling of the existing facilities and the development of design criteria.
They reported that architectural design of the environmmeight support the wayinding

skills in dementia and there were twiscussedaspects flooring and environmental cues.
They posited that t Himdingl abilties lthat avéreinfluensed dbye n't 0 s
characteristics of architectural structuteuld be measured by the destinations reached
independently by the residents in the nursing homes. Five distinctive routes were chosen
within the living areas of the nursing home in soiing the residestd a u t Thneeo my .
major floor plan typologies were then identified through an empualitative exploration

and were subdivided into (1) straight circulation systarossisting of(2) layouts that
featured one shift in direction and (3) continuous patbhsind an inside courtyard. Statistical
evaluation demonstrated that the most significant supportive factor in the case of floor plan
typologieswasthe straight circulation system, with P = 0.00ds® is extremely significant).

This study shows that é¢hdependency on supportive environment increases as the severity of

dementia progresses.

In a research conducted by Passini e{Zl7], they aimed to generate design guideline in
encouaging and assisting navigation for AD patient with advanced severity. This study used
interviews (with 10 staff members of the nursing home) and-fmayng experience (with
patients) as the complementary methods of data collections. The selected sthfrsgnem
consist of the director of the nursing home, a security agent, an occupational therapist, a
physiotherapist, a recreation dai 2 orderlies, and 3 nursd2erformance in wayfinding

tasks were varied among participants and no further statistical senalgs reported.
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However,the results suggestiw that even patients with severe cognitive deterioration are
able to reach certain destinations provided that the environmental informemmwell
programmeé and easy to access. This study concludes thatptiysical environment
deterneines the efficiency in wayfinding techniquakbeit it is ableto create problems and

providesolutiors for the wayfinding issues.

3.2.1.3 Assistive Technology

The term assistive technologAT) may refer toa device, system or toothat allows
individual to perform a task that they would otherwise be unable to do, or increases the ease
and safety with which the task can be perforfZ2®]. Available technologies for assisting

AD patients can be classified into screening, memory aids, monitoring health or safety,
information sharing or teleare, and also communicaticupport and therag23]. AT in
promoting navigation or wayfinding due to spatial orientation deficits are yu¢ #xplored

and thismay be significantly beneficial mainly for individuals with cognitive impairments.
Studies by[214], [215] and [216] implemented ATprogrammein the orientation strategies
quite successfully. The general aim is to assist wayfinding and allow indeperatanoy

this segmented population.

Lancioni et al[214] for instance, assess#uatindividuals with ADcould learn to use AT in

the form of basic orientation technology to find different rooms in their nursing home. In
their study, orientation system which included a sound source at each of the destination and a
portable control system to activate andalizate each of those sourosasset. Brief verbal
messages (cues) from targeted destinations were also provided during the test. From the
results, the orientation system provided was effectively used by the participants to reach
different room destinatics within their daycare center. The percentage of travel accuracy
was improved to almost 100% from 30% to 40% during the baseline sessions. This credibly
demonstrates the efficiency of this form of basic orientation technology to inexperience
populations ad provides the promising alternatives for maintaining minimal orientation

ability within individuals with cognitive impairment.

In a different study by Lancioni et 4215], they investigated the effectiveness of orientation
programmeinvolving auditory cues and comparéd with a programmewhich used light
cues. In this study, auditory cues used the verbal messages automatically prigeented

strategic destinationsvhile in the light cues procedyrgtrobe lights were used instead of the
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verbal messages. Results showed thaptbgrammewith auditory cue system was effective

and gave equally strong impact on ffregrammewith light cues in helping all participants

to reach the target destinations. There was a significant increase in mean percentages of
correct travels (up to 95%) by most of the participants during the intervention phase, as
compared to (10% to 30%) during the baseBessions. In addition, results from the social
validation assessment recommended pinagrammaeusing light cuesvasmore practical and

preferable by the social raters although both cues were equally worthy.

Caffo et al[216], in their study aimed to compare betweecompensatory (AProgrammg

and a restorative strategy (Backward Chaining procedure), in supportinfinding in an

indoor environment of persons with moderate to severe ADprAgrammes include remote
controlled sound and light devices, while Baekd/ Chaining (BC) procedure include
familiar indoor objects as landmarks for each section of the route like chairs, large pictures,
small furniture, colared pillars and automated doors. The results demonstrated that mean
percentages of travel/route seatadn participantsvasabove 90 during the intervention with

the AT, whilst only 37 to 54 in B@rogramme Thisfinding suggestdthat AT programmse

were more adoptable in maintaining autonomy of indoor tbiagefor AD patients, and
highly efficient in educing their wayfinding deficits. BC procedure on the other haad,

more preferable for conventional teaching strategies. In the social validation assessment,
higher results were given to Aprogrammein terms of comfort, competence and self

determinatbn, whilst BChadhigher score in the aspect of environment.

3.2.2 Discussion

This review has identified a growing body of research that aimed to assist spatial orientation
deficits in individuals with AD to navigaterientate or find their ways to reach cam
destinations within their given environments. Apparently, all the mentioned intervention
strategies reported positive resul ts on
implementation of the interventions. The adoption of design and technélagmaledge

were brilliantly utilized and feasible in the reviewed experimental studies.
In virtual realitybased orientation strategies, VR system seems to be an appropriate tool of
assessment in identifying the declining spatial orientation abiliyOrpatients. This review

has revealed various acceptations by AD patients towards perceiving VR system in the

56

A



interventions.[142] for instane, explained that AD patients took longest and made most
mistakes in recognizing elements in VE as compared to the other participants. Additionally,
AD patients showd declining wayfinding ability due to the confusion in their cognitive and

spatial domains

As agreed by212], this problem challenges the ability of demented people to orientate in the
VR tasks and are unable to perceive VR without the help of a physical model. This is due to
the depreciation of cognitive mapping from virtual to real world setting. htrast,[210]
suggested that AD patients in the early stagee able to maintain their cognitive maps in
both VE and reaWorld, but claimed that the decrease in orientation skiks possibly
caused by improper use of cognitive in everydagcpece. Despite the different perceptions
indicated in individuals with AD, the use of VR system for assessment is still acceptable. For
training purposes, although conservation of such route learning ability is not assoray, it

give encouraging effectfterconstant practice.

For the interventions using AT, all the discussed results from the reviewed literature show
promising results. The ATs used in the orientation strategies were not too complex and were
easy to implement. This suggests that basgentation technology is still effective even for
inexperienced people and people with mild to moderate AD. This is recognized by more
recent study by[215] that confirms the orientatioprogrammeusing auditory cues is also as
efficient as light cues in assisting the participants with moderate AD to reach the task

destinations.

In addition, [216] who also used auditory and light cues as gibgramms claim that
orientation strategies using Aofogrammavas highly efficient as compared to BC procedure
which use familiar objects in reducing wayfinding deficit in patients with moderate to severe
AD. However, all the reported interventions took place unsing homesovering limited

area of the environmenwhere AD patients live in. ATprogrammeusing uncomplicated
system might be significantly helpful for indoor navigation within the nursing homes.
However, there is lack of evidence that suggestsay have compatible positive effect on

outdoor wayfinding.

Similar to AT programmeinterventions with environmental enhancement involve the use of

physical environment as the apparatus of assessment. As clainfi2tilhythe dependency

57



on supportive environmelncreasesas the sevity of dementia progresses and proveat
uncomplicated floor plan typologies (straight circulation system) is the best in indoor
travelling. The importance of providing appropriate environment to support wayfinding is
also agreed by217] as they claim that a wetlesigned physical environment with the
appropriate environmental information could be useful even for more severed AD patients.
The improvement of existing physical environmeidys a significant rolén defining the
effectiveness of wayfinding, where it also may provide the solution to the existing
wayfinding problems.

In general, pertaining to therapy perspective, pffbgramme and virtual realitypased
orientation strategge seem to be best employed towards less impaired patients, (mild to
moderate stage of AD and the stages before-hilywn AD, i. e. preclinical AD and MCI),

who are more capable to adopt and practice the remaining learning skills. Whilst
environmental erdmcement can be a good way in maintaining most of motor skills left in
AD patients including SD, good knowledge in their specific and demanding needs is a must

before a real physical environment can be constructed.

This review demonstrates that at prdésea precise direction and magnitude of the
effectiveness of one group of intervention towards significantly reducing the SD is yet to be
conclusively found considering the extraneous variability of population, intervention,
comparators and outcomes. Netieless, the knowledge of design and technology has been
adoptedas mentionedin the literatures hence,demonstrating its significant contribution as
the domain of intervention concepts. For instance, creating the conrgemerated
environment as refezd to VE that resemble the reabrld environmentlmost accurately

requires both technical and aesthetic skills.

In addition, designing the appropriate technological devices to be used for these cognitively
impaired individuals is quite a challenge.sBies understanding the exhaustive needs from
gerontology and neuroscience viewpoirdfher aspects likergonomics, functionality and
aesthetic perspectivearry the same credible weight as well. Similar to the construction of
enhanced physical environmteto caterto these specific needs, the conceptual design went
through several assessments befoceutidbe approved to be built.
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The whole process of designing the intervention concepts apparently resembles this
fundamental approacbf blending desigh and technology, regardless of the diversity of

i mpl ement er s06 $ucheaksdiende ated&ns,r sociainsdiences or in between.
While this approach can at least carry a valuable supplement in conceptualizing the
orientation intervention strategymperative study on identifying the limitations of this
specific group due to their changes and impairments in cognitive and motor function as well
as the sensory and physiology is highly recommended. This information in paiteulaelp
implementers ah researchers in finding better alternative solutions, or design guidelines in
terms of design and technological applications towards reducing SD and promoting

wayfinding abilities.

Furthermore,here is a growing body of interest to use technologysistisg AD patients to
perform and maintain their daily activities such as memory aids, health monitoring, and
communication supports. Nonetheless, research works that focus on the use of technology for
navigational assistance mainly for AD patients aitelatking and can be improved. This is
theclear reason why this study highlights on the importance of using available technology as
a form of supportive tool for this undervalued need. Therefore, we found that it is necessary

to conduct another systertateviewwhich stresses on this particular matter.

3.3 Assistive Navigational Technology

In this review, the emphasis is on technological applications that support wayfinding (or
navigational assistance) . The t evicewor sysesis i st i\
that allows an AD individual to perform a task that they would otherwise have difficulty
performing [222]. In terms of mobility and navigation of individuals with cognitive
impairments, AT is utilized mainly to enable and improve their wayfinding abilities with less

dependency, while at the same time recognizing their disadi

In one study by Caffo et a[224], they reviewedand categorized the orientation and
wayfinding intervention strategies into compensatory (performing cognitive and behavioral
tasks to avoid cognitive deficits) and restorative (restoring the functions of specific domains
to slowing the progressin of thedisease) approacheghey thoroughly reviewed methods or

intervention strategies used to promote spatial orientations in individuals with dementia.
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However, only one of the strategies definitively focused on the use of technological

intervention in suppading navigation: Assistive Technologyogramme

They presented many na@echnological solutions, such as spatial cues (significant reference
points), reality orientations (improving the ability to deal with reality), backward chaining
(learning tasks imeverse for what were usually performed) and erroitieashing (learning

new information without error) techrugs. Therefore, the needs to review technological
interventions to help the wayfinding or to improve navigability for dementia patients would
fill the epistemic gap. The technological approach adopted for a wayfinding strategy
commonly relies on its fundamental goal and varies according to the setting. For that
purpose the selected studies were reviewed in terms of the settings, participamss,
strategies and results.

Once again, a computerized search strategy using the same major electronics databases in the
first review was conducted. The relevant articles were identified using the combinations of
following keywords (1) assistive teatology, wayfinding and dementia, (2) assistive
technology, navigation and dementia, (3) assistive technology, wayfinding and AD, and (4)
assistive technology, navigation and AD. The iterative selection pra@ssore complex

and based on the criteria ioiclusion and exclusion, and commenced fromgmeen, post

screen and ended with the finalized selections. Fig@&rprgsents a simplified description of

this search strategy and selection process.

The inclusion criteria used were: (1) intervention rogans of experimental study, pilot
research, design guideline or design concept, (2) technological applications used to promote
or enhance wayfinding ability3) involve mainly AD or dementia participants, (4) written in
English language, and (5) notrker than 1995. Recent publications were prioritized in order

to provide a review of current interventions and advanced technologies.

The initial hits of database search with the combinations of keywords as preceded above were
first screened using theseentioned inclusion criteria. Furthermore, references listed in the
presscreened articles were searched for additional appropriate articles to include. Once the
additional articles from the references were added, dieohrticlesvere screened agaim |

this postscreen stage, some irrelevant articles were omitted from the finalized selections

according to the exclusion criteria; (1) not involving at least one AD or other dementia
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participant and (2) no concrete validations by means of experimentsidenesbased
strategy, and (3) insubstantial results. The final selection of articles was completed after

following thesewo extensive screening stages.

PubMed/ MEDLINE n = 105,642
Scopus n=16
SAGE journals n=17
IEEE n =4,332
Springer Link n=181

Keywords: 1) assistive technology,
wayfinding and dementia, (2) assistive
technology, navigation and dementia, (3)
assistive technology, wayfinding and AD,
and (4) assistive technology, navigation and

Pre-Screen AD.

Inclusion criteria

1. Experimental study, pilot research,
design guideline or design
concept,

2. Use technological applications to
promote or enhanc e wayfinding
ability

3. Involves mainly AD & dementia
participants

4. Written in English language

5. Not earlier than 1995

Additional search
from references

Post-screen

Exclusion criteria
1. Noinvolve ment of atle astone

1
1
i
1 AD or other dementia participant
| 2. No concrete validations
: (experiments or evidence -based
1
1
1

strategy)

Finalized selection 3. Insubstantial results.

Figure 3.2: Overview of the search strategy and literature selection process

3.3.1 Findings

From the search strategy mentioned, twelve articles were finallytegtlémr the review.

These articles were then reviewed mainly in relation to four related themes: (1) demographic

of participants, (2) aims of the study, (3) intervention strategies and assessment method and
(4) outcomes and efficiency of strategies. Therwention strategies in the studies sbdw

the utilization of diverse technological approaches, especially with regards to the settings

(indoor and outdoor navigation). Thus, according to the finding patterns, these selected

articles were divided into the intervention strategies; indoor (n=8), outdoor (n=3), and both
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indoor and outdoor (n=1) wayfinding strategies. We found that these articles were current,

with the earliest publication appearing in 2008 (n=2) and the latest in 2014 (n=1).

Again, partigpants recruited in the studies are one of the most important mattéxs to
discused because this articles aims to review the available technological interventions by
means of navigational assistance appropriate for AD and other dementia p&iemil: to

the previous review, some flexibility was applied due toféveer studies that only recruited

AD and other dementia participants. For instance, there are articles selected although they did

not mention the types of dementia diagnosed in their paatics [225][226]227].
Additionally, in some caseseverity (or stages) of AD or dementia were not mentioned
[225][226][227] [228] [229], and sometimes participants were only categorized as mild,
moderate or severe demenfiz80] [231]. We surmised that t he con

referred to AD, since AD represents most-8%0) dementia cas¢232].

In addition, as discussed in Chapter One, tlveeee three stages of AD: preclinical AD,
(MCI) due to AD, and dementia due to AD which incldderiation of mild, moderate and
severe[17]. Thus, the studies that recruited at least one participant diagnosed from any of
these stages of AD were selected for review in this article. The cognitive impairment was
identified mostly from the assessment of nepsgchological tests. The most commaesstt

used was the Mini Mental State Examination (MMSE). The other cog#iised ratings

used were Clinical Dementia Rating (CDR), Global Deterioration Scale (GDS) and

Neuropsychiatric Inventory (NPI).

In general, the selected studies aimed to investitied efficacy of their specific wayfinding
intervention strategies towards the recruited participants. The strategies varied from the
utilization of simple technology (lowech) to more complex electronic devices with
Information and Communication Techogly (ICT), where the use of these technological
approaches were correlated to the settings of environment: indoor, outdoor or both. These
subgroups of intervention strategies are summarized in Tahlé@&. that reason, the next
sections reviewed the seted literature accordingo these (environmental settings)

subgroups.
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Table 3.2: The selected literatures of Assistive Navigation Technology based on the environmental settings

STUDY

PARTICIPANTS

AIM OF STUDY

STRATEGY /
METHOD

RESULTS

Lancioni 3 patients with mild to To assess if AD patients | Basic AT-based The percentage of trave
et al.[214] | moderate AD (73 to 83 | could learn to use basic | programmehat provide | accuracy is improved.
years old). MMSE scoreq orientation technology to | brief verbal messages | Orientation system was
were not specified read different rooms (cues) effective in helping the
within their day center participants reach the
target destinations
Landoni 5 patients with moderate | To investigate the Auditory cues (verbal Auditory cue system is
etal. (2) AD (72 to 80 years old). | effectiveness of messages automatically | effectives and gives
[215] MMSE scores were not | orientationprogramme presented from the equally promising result
specified involving auditory cues | destination) vs. light cueg with theprogramme
and to compare with a (strobe lights were used | with light cues in
programmewhich use instead of the verbal helping participants
light cues messages) AT reach the target
programme destination
Caffo et al.| 4 persons with moderate| To compare between a | AT programmegremotely | AT programms able to
[216] to severe AD (67 to 89 | compensatory (AT controlled sound/light restore and maintain
years old). MMSE scorey Programmgand a devices) vs. Backward independence indoor
were notspecified restorative strategy (BC | Chaining procedte traveling in moderate to
procedure), in order to (familiar objects of the severe AD patients. BC
reduce topographical environment) procedure is preferable
disorientation in persons for conventional
with AD teaching strategies
within daily contexts
Ou et al. 12 patients with AD To explore the effect and| Wayfinding task in VE Less time taken using
[233] (MMSE; 15.6), 12 the difference between | using 2 electronic maps; | smallscale and trackip
patients with MCI types of navigation maps| trackup map and north | map, & compared to
(MMSE; 19.5) and 24 (northrup map vs. track | up map. 2 map scales; | full-scale map and
normal elderly subjects | upmap), landmarks, and | full-scale and smalicale | northrup map. AD took
(MMSE; 26.4). Ages the map complexity on the longest times,
were not specified the wayfinding abilities of followed by MCI and
AD patients normal elderly
Chang, 6 volunteers aged To improve workplace Navigation in 5 routes Most participants failed
Tsai and between 19 to 76 years | and life autonomy in combining stairways, the navigation task
Wang old (mean age of 37.7) | individuals with cognitive | elevators, and tas using | without the device.
[226] with differentcognitive, impairment based on ged wayfinding system based| Humarrcomputer
one of them has dementii coded QR codes on QR codes and PDA | interface in the system i
MMSE score were not navigation system. userfriendly and has
mentioned promising competency
Chang et | 6 individuals aged To provide a distributed | Navigation in 5 routes High successful
al. [225] between 1976 years old | cognitive support of trave| that combined use of wayfinding rate and
(mean: 37.7) and only | guidance for individuals | stairs, elevators and turn| passive RFIDs tagging
one of them diagnosed | with cognitive impairment on different floors and is able to trigger
with dementia. MMSE spaces using passive neq navigation prompt.
score were not meéioned field RFID tags and
scaning with PDA
Viswanat | 6 elderly with dementia (§ To provide an adaptive | A maze task using Numberof collisions is
han etal. | mild and 3 moderate navigation assistance intelligent wheelchair that decreased. Wayfinding
[227] dementia) aged between| using an intelligent includes 5 types of module helps
66 - 97 years old (mean: | wheelchair for individuals| wheelchair movements | participants with
81.8). MMSE score with cognitive impairmentl and a user survey memory and vision
between 1825 (mean:18) impairments
Grierson et| 11 persons with AD and ] To access the Wayfinding task using Individuals with mild
al. [234] person with mild MCI. applicability of tre four-motor wayfinding dementia are capable,

Age between 6B5 years
old (mean: 73.6) and
MMSE score between 16|
28 (mean: 20.6)

wayfinding signals to
persons with dementia
using wearable belt with
vibrating motor

belt (that gives
vibrotactile signals)

confident, comfortable
and able to usewith
vibrotactile signal
properly, but not
advisable for moderate
dementia

outdoor wayfinding
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Hagethe 7 individuals with To investigate the WoZ park and town Participants have
rn et al. dementia, 4 of them werg difference of navigational| pedestrian walks using | difficulties to interpret
[228] diagnosed with AD. Age | performance between audio instruction direction indicators and
and MMSE score were landmark based and controlled by wizard using the wayfinding
not mentioned. left/right instruction aids. Audio instructions
could improve
navigability and offers
sense of autonomy
Veldkam | 6 elderly with early To study the design Navigating in 2 routes Navigation with
p, dementia. Age and options of a GP$hased based on; directional landmark information
Hagethorn | MMSE score were not navigation aid for elderly | instructions and has a lower number of
and Greef | mentioned. in beginning dementia. directional instructions errors and hesitation,
[230] with landmark using also has slightly more
pedestrian navigation positive results on
system made of PDAand par ti ci pant
audio information.
Olsson et | 3 individuals with AD To investigate the effects| Tracking system (PPA The tracking system
al. [229] (age of 72, 76 and 72 of using tracking using transmitter that supports pa

years old and their
spouses (age of 72 74 72
years old accordingly).
MMSE scores were not
mentioned.

technology on
independent outdoor
activities and
psychological wetbeing
of individuals with AD

provides location
information to the
spouses.

independence of outdoc
activities.
worries were reduced.

indoor & outdoor wayfinding

Sorri,
Leinonen
and
Ervasti
[231]

9 elderly with mild to
severe dementia aged
between 59 90 years old
(median age of 84 years)
with MMSE score
between 3 23 (mean

score of 12)

3.3.1.1 Indoor Environment

To develop a prototype of
wayfinding aids in
helping the wayfinding of
elderly with memory
disturbances

3 indoor and 1 outdoor
routes using; audio and
tactile, visual and tactile,
and visual and audio
wayfinding aids.

Wayfinding aids help
the participants to
succeed the routes.
Using #fAl eft
straighto c
were more successful
than using landmarks.

Most of the navigational assistance strategies to strengthen indoor navigation took place in

institutions, such as daycacentres nursing homes, or hospitals. The proposed approaches

are important, as they assist patients in distinguishing environmental elements or objects,

which results irreducingconfusion during the journey toward targeted destinations inside an

institution.

There are three studies by Lancioni et[214], Lancioni et al. (2]J215], and Caffo et al.

[216] that had been selected for the gwious review, were selected again here. Was

principally due to the relevancy (recruited participant and technological interventions for

wayfinding), significance findings, as well as the strategies proposed meant for indoor

wayfinding. However, thesestudies had been reviewed beforemainly on the aims,

method/strategies implemented, and findings.

matters such as the recruited participants.
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Lancioni et al[214] recruited three patients with diko moderate AD, aged between 73 to

83 years old (mean MMSE score of 16.7r this experiment. While Lancioni et al. (2)

[214] involved five participants, aged between 72 to 80 years old, who were diagnosed with
moderate stage of AD with MSE score below 17. On the other handthiastudy by Caffo

et al.[216], therewere four patients, aged between 67 to 89 years old with moderate to severe
AD (MMSE scores were less than 17) participated. These studies reported positive results on
the proposed sttegies to assist the indoor wayfinding of dementia patients. In addition,
they conducted social validation assessments to validate their experiments and to strengthen
the findings. Perceived social validationgere customarily performed to evaluate
behaioural changes[235] after the mplementation of an intervention. This form of
assessmenwas found to be beneficial and vital to understand the significance of goals,

intervention outcomes and procedural pertinence from a social perspective.

After these aforementioned studiésen camethe study by Ou et a[233] that aimed to
explore the effect and the difference between several types of navigational mapsignorth
map versus trackp map), landmarks, and the map complexity on the wayfinding abilities of
AD patients. They recruited twelve patients with AD (mean MMSE score; 15.6), twelve
patients with MCI (mean MMSE score; 19.5) and twefotyr normal elderly subjects (mean
MMSE score; 26.4). The ages of participants were not mentioned in their study.

In contras, the navigational task used in this stmigsc o mposed of a si mpl e
that resemblg an indoor space. Two electronic maps were evaluated: aupaokapwhich

was (where thenorth sidewasalways facing up, so users must turn to north whéiatimg

travel). They provided two map scales: a-dhle (displaying the full turns), and a small

scale (displaying only three turn§esults showed better performance utilizing a ssedle

and trackup map in terms of time taken, as compared tduhescale map and the nortip

map. Comparing all groups of participants, AD took the longest times. The authors concluded
that uncomplicated map and removing landmartwld improve navigational performance.

This finding suggestd that the cognitive la& of each task needto be reduced if the task
involved AD patients.

Chang, Tsai and War{g26] aimed at improving workplace and life autonomy in individuals
with cognitive impairments using gemded Quick RespoagQR) codes navigation system.

Six participantsage rangingrom 19 to 76 years old (mean age of 37.7), took part in the
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experiment;with only one of the participantseing diagnosed with dementia. But, MMSE

scores or other neuropsychologicedttresult were not reported.he system consisted of: (1)

an electronic handheld information device, Personal Digital Assistant or PDA (thaeédhow
photos with directions and instructions when prompted bycQde tags), (2) a tracking

system (individual ID recordeby PDA and information of positions were sent to server),

and (3) a training system (to introduce the routes, photos and directions). The systeth work

by scanning a QRode, which promegdt he PDA t o send the wusero6s
a local areavireless technology or Wki. Photeembedded directionserethen delivered to

the PDA.

In the experiment, five routes were used. These routes combined the use of stairs, elevators,
and turns on different floors and spaces to reach target destinaigde the building.

Results showed that the prototype proved useful for most of the participants (four out of six),
who would have failed in the navigation task without the device. They concluded that the
humancomputer interface of the systewas userfriendly and had potential to support
wayfinding. However, the success ratio may
complexity of routes. Therefore, to assess the effectiveness of this intervention would require

more participants and replicat®of the study.

In a later study by Chang et §R25], they used a tagging system to providstributed
cognitive support for individuals with cognitive impairment in terms of travel guidance. This
study recruited the same participantsraghe earlierstudy. In addition, they also used five
routes that combined stairways, elevators, and tumihéoexperiment. However, there were
slight differences in their gggn of the wayfinding systenthe authors proposed a concept
using passive nedield RadioFrequency Identification (RFID) tags (wireless use of
electromagnetic fields to transfer datadautomatically identify and track tags attached to
objects) and a scanning function of a Personal Digital Assistant (PDA). The process of travel
gui dance begins with the sensing of an RFI D
location. GPRS then tieers the location information to a server and a photo augmented with
an arrow is sent back to the user to support wayfinding. The researchers reported 90%
success on wayfinding tasks from the thirty trips made by the six participants. This reveals
the pasible use of passive RFIDs tagging to trigger navigational prompts, though individual

success varies.
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In another study, Viswanathan et f127] aimed to provide adaptive navigation assistance

for individuals with cognitive impairment using an inigdint wheelchair. In this study, six

older adults participated. The ages of the participants ranged between 66 and 97 years old
(mean age of 81.8), with MMSE scores between 15 and 25 (mean score of 18). The
Navigation and Obstacle Avoidance Help (NOAH) teys of the study consists of an
intelligent wheelchair that uses computer vision and machine learning methods. The system
works when the signals are sent from the laptop to the wheelchair, to allow or deny the

movements of wheelchair in specific directions

The maze or the navigation task included five types of movements: (1) 90° right turn, (2) 90°
left turn, (3) entering a narrow straight line path, (4) weaving movements, and (5) ceasing.
Following the task, the users completed a survey based on colisaddance, concerns with

powered wheelchair use, overall contentment with the system, and attitudes towards
autonomy. Although participants voiced different practical abilities, results suggested that the
number of collisions decreased and the wayfindimaglule managed to facilitate wayfinding

for participants with memory and vision impairments. The findings of this study suggest that
an automated navigation system could benefit older people with cognitive impairments, as it

allows safe and independent lnildy.

Grierson et al[234], on the other handitilized a different approaalsing a less explored
technology to support navigation. They aimed to investigate the applicability of tactile signals
to assist the wayfinding of persons with dementia using a wearable belt with \gbretior.

In this study, eleven persons with AD and one person with mild MCI were recruited. They
were between 61 to 85 years old (mean: 73.6) with MMSE scores of 16 to 28 (mean: 20.6).
Vibrating motors were situated on a belt in the front, back, right,lefhgositions. In the
experiment, participants were asked to wear this belt and navigate a series of routes within a

hospital with the assistance of vibrotactile signals and locate the target destinations.

Although there were some hiccups during th&ervention related to instructional mistakes

(such as confusion of the given signals), they suggested that thenladtile signal on the
wayfinding belt was potentially helpful as navigational assistance for individuals with
dementia. Furthermore, tde signal provides a simple, yet promising, form of directional
cueing that all ows users to concentrate mo
gualities during wayfinding236].
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3.3.1.2 Outdoor Environment

Declining wayfinding abilities encountered by people with dementia, is claimed to be one of

the major reasons for patients being committed to an instit[R&5]. This is due to the fact

that deficit in spatial ability may indicate impairments in cognitive functid32]. Thus,

providing support to enhance mobiliyd navigability for people in early stage of cognitive

decline could delay the process of institutionalization, although tii@se@o established way

to actually terminate the diseaseds progres:
tasks inthe experimental studies involve reaching common areas or destinations within a
participantdés everyday routine and surround

appropriate for patients in early stages of AD who still live at home.

In one stugl by Hagethorn et a[228], Global Positioning System (GRBased navigation

aids were used to investigate the difference in wayfinding performance among landmark
based navigation and left/rightstruction. In the phase of investigating problems in
wayfinding, seven individuals with dementia took part. Four of the participants were
diagnosed with AD (although age and MMSE score were not reported). The authors
identified that the most mistakes neadluring the navigational task without electronics
devices were related to the process of decisi@aking when beginning to walk. Therefore,

we can safely conclude that AT devices may reduce the chance of AD patients wandering
aimlessly, at least as compdrto having no AT device at all.

In a later phase of the same study, they evaluated the efficiency of an electronic navigational
aid using a Wizard of Oz (Wo0Z]237] approach, since they did not have a ready working
system. The WoZ method enables the evaluation of unready teggrtbrough simulated
system responsef238]. Four individuals from the earlier phase participated in this
experiment. The system used was similar to existing -B#38d navigation aids. In this

experiment, two routes were used: one through town and the other through a park.

During the walks, participants received audio instructions from a PDA controlled by the
wizard (researcher) who assisted them detengithe appropriate directiofhe results

showed that participants faced many difficultissch ast he i nter pr et ati on
indicators and the use of the wayfinding aids in navigation. In addition, the use of audio
instructions as additional information for recognizing landmarks mayowepthe decision

making of appropriate direction, while supporting a sense of autonomy during independent
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walks. Therewas another phase of experimentation in this study, but the strategy and
procedure used were very similar anduld beexplained more élarly in thenextliterature

review.

In a separate article, Veldkamp, Hagethorn and Gf&&®] aimed to understand design
options for a GP$ased navigation device for older adults in their early dementia stage. This
study is the subsequent stage of the study memntiab®ve. Six participants with early
dementia from a day care center were recruited in this experiment, but the age and type of
dementia and MMSE score were not repabrté\s described previouslyhe experiment was
conducted using t henetd237] aincel they &l naDravie a (esdy Z )
working prototype For this experiment, they created a pedestrian navigation system using a
PDA.

Audio information was provided to the participants by the PDA through a Bluetooth system.

Two outdoor routes with similar difficulties amdnumber of instructions were used, but with

different navigation information: (1) directional (left/right/straight) instructions on decision

points and (2) directional instructions augmented with landmark information. Comparing

both route conditions, raks showed that navigation with landmark information had a lower
number of errors and hesitations (with al mc

attitudes, navigation with landmark information yielded only slightly more positive results.

Olsson et al. [229] aimed to investigate how the use of tracking technology affects
independent outdoor activities and psychological wellness of individuals with dementia.
Three individuals diagnosed with dementfaA® type (age of 72, 76 and 72 years old) and
their spouses were recruited (age of 72 74 72 years old accordingly). MMSE scores were not
mentioned but Neuropsychiatric Inventory (NPI) ranged from 3 to 44. In this study, a system
called passive positioninglarm (PPA) was used for tracking. The systwmprisedof a
transmitter with GPS, and a lighone. In the experiment, the participants carried the
transmitter along with them during independent outdoor walks. If the participants travelled
outside the prefined area (500m), a concise message (alarm) with location information was

sent to the cell phone of a spouse.

For this intervention, participantsd own pre

build upon the autonomy thaamealong with leing in a familiar setting. Results showed
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that there was an increase in access to the PPA system during the independent outdoor
activities, and this access reduced the | e\
authors concluded that the utilizab n o f this tracking system

independence during outdoor activities while reducing the concerns of their spouses.

3.3.1.3 Both Indoor and Outdoor Environments

Intervention strategies for both indoor and outdoor environments tend to rely upo
technological approaches that can be implemented across different settings. These
technological interventions are beneficial because they can be utilized both in the indoors and
outdoors of homes or institutions. Additionally, they offer choices of himda(in terms of
functions and features inside the designed ATs), which enables customization according to
individual needsind preferences of patientslowever, not many studies aimed to implement
their strategies for both indoor and outdoor wayfigdah the same time. This is probablye

to the availability and suitability of the system and interface to be tis#dvould bemore

fitting for a specific setting. In fact, for this subcategory, there is only one study found

relevant to be reviewed.

Sorri, Leinonen and Ervasi231] developed a prototype of a technological solution to assist
the wayfinding of elderly with memory distumiees. They tested the wayfinding aid
prototype in accordance to predefined indoor and outdoor routes using three
procedures/modalities; (1) audio and tactile, (2) visual and tactile, and (3) visual and audio. In
this study, nine older adults participatfdhese participants had mild to moderate dementia
and were between 59 and 90 years old (median age of 84 years old), with MMSE score

between 3 and 23 (mean score of 12).

The wayfinding aids included a visual signal made from augmented text and arrow on a
picture, voice instruction as an audio signal, and vibrating lvenigts as a tactile signal.

Results showed that patients were better able to understand and comprehend visual and audio
signals as wayfinding aids than audio and tactile or visual andetadthbinations. The

aut hors suggest t hgaeg t russii gt o |l ed mma rd sg har, e amc
using landmarks. The navigational performance of the wayfinding aids is, however,
independent of the severity of dementia. Thus, even with anisimterpretations of the cues,

they found that orientation with technoleggsed wayfinding aids can help older adults with
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memory disturbances to reach predefined destinations. The findings demonstrate the need for

future researchers to investigate onsization of wayfinding aids modalities.

3.3.2 Discussion

Based on the studies described above, technological interventions aimed at supporting
wayfinding strategies show promising results when implemented. As mentioned earlier, the
utilization of a concretetsategy for wayfinding is highly dependent on context and the
intended environment for the intervention. In indoor wayfinding interventions for instance,
basic technology such as sound and light cues are useful even for inexperienced people and
those withearly dementig214][215][216]. As visual and auditory supportsere quite
common in navigational assistance; these modatiigtaot always work for individuals with

AD. Hence, less explored cues, like tactile sigrni@l34] in an appropriately designed system

could give encouraging effects in supporting the wayfinding of AD patients.

One of the benefits of indoor navigation is the possibility of using the archaeeteaments

or objects inside the indoor environment itself. Often, these elements are used as spatial cues
or reference points (landmarks) in the environment. Here, some technological applications
may benefit from the use of tagging and scanning strategieh as RFID and QR Codes

[226] [225] systems, applable within the indoor and closed space. Besides, there are more
advanced applications applicable for this method. For instance, near Field Communication
(NFC); radio communication between electronic devices developed by Saf2dhgnd

iBeacon (indoor situating system by Apple InN@30]. Wayfinding systems integrated with

these technological applications could be considered as the new alternative for navigational

assistances.

From thereview above, the most prevalent technological applications used for outdoor
wayfinding among researchers are GRSed interventions. GPS provides {tzake
information about locationf241]. For navigational assistance purposes, GPS systems are
bereficial in two ways: (1) the utilization of landmarks as a point of refergziz@] [230]

and (2) as tracking systenid29]. Comparing wayfinding with an indicat@alone (without
landmark reference) and indicators with landmark references, the review has revealed that the

utilization of landmarks is much more practical anadstpreferred.

71



The reason why ibecause during the course of outdoor navigation, thexevesys a chance
of missing the provided signals or guideel2], even with the most precise navigational
assistance systems. Thus, with landmrzaked wayfinding aids, even if a signal is missed,
patients can still refer to their current location based on thdinealwayfinding situation. In

addition, m&ing the location information known or accessible is useful for tracking systems.

In contrast, in wayfinding situations thatlude both indoor and outdoor environments, the
utilization of landmarks is less efficient as compared to indicators alordirestional
instruction (left/right commandgqpR31]. The reason for this is probably because there are
many indoor architectural elemenkgt look identical, such as doors, windows, and flooring.
The similarity among indoor elements can engender misinterpretations, which can result in

even worse spatial cognition and navigability issues.

Apart from these reviewed literatures, it shouldnbéed here that several other studies were
not selected for review due to the lack of information or insubstantial evidence about the
interventions. Kulyukin et al[243] for instance, developed three intelligent walkers with
specialized features (such as a-pelivered walker with a haptic interface and autonomous
navigation capability) to promote independence in familiar and unfamiliar environments for
the elderly. The concepif an intelligent walker was acknowledged by nursing home staff as
a useful way to support wayfinding of individuals with cognitive impairment, including AD
patients. However, there is insufficient description that this experimental study involved any

individuals with dementia as the participaritence it was not chosen for review.

Similarly, in another studj244], appealing/attractivahterventions were introduced such as
interface designs that include visual displays with map images, and audio cues for wheeled
walker navigational assistance. The preferred design was grounded in the perspectives of
nursing home staff and clients, but the authors did not describe if any of the clients were AD
or dementia patients. However, their findings could be quite interesiirog tried and
replicatal with AD patients. They discovered that an interface with simple text and arrows,
tonal alerts for signal, and voice promptasa preferable form of navigationSince the

detailed results and credible sangaleere lackingthisstudy was also not chosen for review.

Finally, Goodman et al[245], presented a twpart study regarding the utilization of

landmarks to assist the navigation of older adults. The researchers conceptualized four
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versions of devices(1l) images, text and verbalization, (2) text and verbalization, (3) text
only, and (4) verbalization only. They found that landraaaked navigation aids, and the use

of images, text and verbalization are practical for older adults. Althouglvéisisideed an
interesting study, they did not recruit individuals with dementia. Hence, it was not included
for review. However,the study strengthex the argument for landmatkased signals as a

usable form of outdoor wayfinding.

Despite the variety of techlagical interventions presented in this review, the main target
users or stakeholders are still individuals with cognitive impairments. Hence, the exclusions
of many promising articles were because AD or dementia patients were not included, or
researchersised ambiguous selection procedures for participants. Due to the progressive
impairment of higher cognitive functions, it is believed that AD patients require constant
support even for simple daily routing®46]. The review has identified several significant
intervention strategies from selected studies that promote the navigation ability of individuals
with cognitive impairments, mainly iregards to the three different settings. The findings
relate to wayfinding intervention strategies in both indoor and outdoor environments that
accommodate different purposes amge implemented using different technological

approachegherefore cautionis heededor any generalization from the results.

Likewise, as most of the reported studies were targeting indoor wayfinding, it is highly
recommended to conduct more studigatingto alternative outdoor navigational assistance.
Priority is alsogivento interventions meant for outdoor navigatismceone of the research
goals is to promote a healthier lifestyle in elderly with dementia through ADL that involve
physical and outdoor activities. It is known that the good performance of ADL may possibly
reduce the progression of cognitive impairments and result in the delay of institutionalization
[86] [87]. It is imperativethat the sociocultural contexts of patients need dotdken

seriously to yield more valid and reliable results in the future.

This review supports the notion that uncomplicated technological interventions of

navigational assistance work best, regardless of setting. Thus, intervention for AD patients
shoutl utilize straightforward wayfinding commands or signals, and navigational assistance
with simple modalities and features. This has important implications for the development of
technological wayfinding interventions, as even a minor interference acaage major

confusion for themiln relation to this, prior to the development of new wayfinding solutions,
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concepts/strategies for wayfinding interventions should be based on consideration of the
disabilities of people with dementia, while at the same timegingdheir remaining abilities
appropriatelyAs reiterated befordyesides the decline of cognitive domain, these individuals
also experienaksensory changes as thgnewolder andwith diseasesdvancing Therefore,

there is a demanding need to find estlpossible solutions for their wayfinding disabilities

along with the weaknesses shown by them.

3.4 The needs of Alternative form of Navigational Assistance

Each year, the prevalence of AD is constantly growing alongside the rapidly increasing aging
populaton [7]. Even though age is not the main factor of the disease, most AD cases are
among elderly18]. Hence, older adults with AD also manifest physical and sensory declines
similar to the rest of the healthy ageing populafits9][160]. As wayfinding deficitsn AD
resulted in poor mobility, navigation, and loss of independent living, possible solutions for
wayfinding support that incorporate current technologydesired. Map and routéased
navigation is a very well established technique to meet the cuwawtinding issues.
Regrettably, the current method of navigation that supports visual interactions is not
applicable in all situations. It is hoped witle rapid improvement of advance technological

applications, a more sophisticated visual wayfindingpsupmayemerge

On the other handhe common additional feature towards this conventional wayfinding is
the integration of auditory support, i.e. speech instructions or sound cues. Individuals with
visual disabilitymaybenefit from this method of nayation. It is obvious thaenvironmental
auditory is a crucial element in determining the successful navigaMamagingauditory
support and auditory sphesmultaneouslycould be very distracting and confounding.
Equally important, having to conceate on both the surrounding and visual display may put

the users in risks.

As discussedin the previous chapter, one of the biggest challenges they usually encounter is
deterioration of wayfinding abilityhich indicatesthe AD-related cognitive declathat are
associatedvith spatial skill, visuospatial, orientation disorders and so ffi)[98]. This
condition is exacerbated by their decline in sensory acuity, as a consequéntie ajeing

and the disease[159][160]. Elderly with AD manifest worse sensory decline as compared

to healthy older adults due to the deterioration of cognilomain. In visionfor instance,
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with the loss otoloursensitivity and reduced depth perception and contrast senqiligRy
[247], adults with dementia are significantly slower in motion search {d8k3, unable to
sense movemeni248] and alschavereduced control of spatial foc{k79] due to deficits in

the working memory.

Similarly, older adults with AD usually show mitd-moderate hearing impairmef249].

And yet, deficits in central auditory processing capacity and cognitive decline weaken the
communication proceg463], as well as visuospatial and auditory information in AI®3].

These sensory changes resulted in poor spatial navigation skill and wayfinding abilities in
general. Even worse, wayfinding deficit€iaased exponentially with age and the severity of

the diseasg¢133][132]. Considering the limitations of AD patients, the existing map and
routebased wayfinding system that rely only on the visual and the auditorgsseras/ not

be the best choice, as it should support tbitierabilities. In the section where the effects of
sensory changes are reported, the idea to use alternative sensory which is the sense of touch

or tactile for wayfinding/navigation purpogeinitiated

In conjunction with this suggestion, even tactile acuity is progressively impaired due to
ageing, comparable to vision and hearifi®6] [197], but AD patientsstill have tomaintain
implicit memory for haptically explored objedt203]. The most valuable advantage of this
conservation is that the haptic priming is preserved, as proversjpgeaing object naming

task [203]. Accordingly, even though people with AD often show difficulties to learn and
remember new thingsut tasks/activities that are performed on everyday lsiomepart

of theimplicit memory.

In designinga suitable therapy for AD patients, it is advisable taoburdertheir memory by
making them to remember or follow complpsogrammese or intervetions. Let performing

the daily tasks/activitiede unconsciouly and unintentiondy, and as a part of the implicit
memory. Therefore, we propose that designing an intervention that involves the continuous
practice could benefit the people with demenae to its potential, the idea of using tactile
perception as a substitute for visual and/or auditory display in wayfinding is highly plausible.
Notwithstanding that visual and hearing are the most necessasgdor wayfinding, they

are also the mostmpacted by age and AD. For that reason, this is exactly when tactile
should beexplored further i when vision and hearing are inaccessible and destabHized

[206][207]. The discussion and review of literature on current studies and potentials of using
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tactile modality for wayfinding/navigation ameliberated inthe following section and its

subtopics.

3.5 Haptics for Assistive Navigation

Before we go futter to review haptic technology for wayfinding purposes, it is worthwhile to
understand the fundamental conception of this modality from its essence. From the
foundation of sensory inputBahiya 201J250] categorized human touch sensory coisjst

of: (1) cutaneou$ describe the perception based on sensory receptors located in the huma
skin and (2) kinestheti¢ describes the perception of the operational state of the human
locomotor system, particularly joint positions, limb alignment, body orientation, and muscle
tension[251].

The variations of cutaneous stimulation exclusively founded the tactile perc¢pfizh

Here, the system comprises of physical contact with the stimuli, while simultaneously
provides awareness of the stimulation of the outer surface of [2&6@y [253]. The tissue in
fingers for instance, has a number of different receptors embedded in the skin that stimulates
the tactile perception. On the contrary, kinesthetic system delivers information of static and
dynamic body postures that is commenced through positioning of the head, torso, limbs, and
end effectorg252] [253]. The receptors in the joints and tendons send the brain information
about the angle of limbs, allowing a person to know where the limbs are located so that they

can be mved to the intended positions.

In relation to the aforementioned sensory inputs, the perceptions of both cutaneous/tactile and
kinesthetic derivedrom the haptic systeni252] [253] [251]. From the general definition,

haptic refers to the sense of touch and movement (mechanical) interactions involving these
element4251]. However, its technical classification shoblel based solely on the kinesthetic

and tactile perceptions properties. The taxonomy of haptic perceptions documezted] in

is able to outline its technical classification, based on the perceptions of kinesthetic and

tactile. Figure 3 below summarized this taxonomy.
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mechanical stimulation
thermal stimulation
. . ) cutaneous
electrical stimulation ftactile

chem ical stimulation

physical force / torque
body orientation
limb alignment

joint position

Figure 3.3: Taxonomy of haptic perception, adegd from[254].

Haptic modality is a viable choice for delivering information of a system, both as a personal
interface or as an additional interface solution. This distinctive modality is most ideal to be
used for alleviating and/or substituting the overloaded and distorted information by the visual
and auditory modalities. To elaborate, haptic is often designetiddieedback information

in conjunction with visual and/or auditory display. But then again, due to human,
environments and other external factors, visual or auditory modality could be unsuitable and
insubstantiabothin theory and practice. Thus, thisviien the haptic modality should come

in handy andittingly designed as a haptic device.

Another essential point, since the haptic device process information in input and output
directions, its interaction ought to combine: (1) method of indicatingdive where control

is required, (2) executions of commands or control, (3) deliverance of feedback to the user
[255]. In addition, the interactive should apply at least one of these physical attributes: Force,
Shape, Size, Friction, Texture, Mass/weight, Hardness/softness, Temperature, Orientation,
Location, Vibratian, Duration, Motion and Deformatiof255]. Currently, thereis a wide

range of useof haptic/tactile in the domain of mobile humeomputer interaction (HCI),
communication, medical tasks, virtual environments, telepresence, assistive systems and so
forth. Yet, the applications of tactile, kinesthetic or haptic faters as a whole for assistive
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technologies and special needs are increasingpanodmeone of the most topical research

subjects at present.

This uniqgue modality has been explored in a variety of assistive system. It ranges from
interactions for visu@ impaired personf256] [257], interface arm for stroke patief58],
interface to assist vocational tasks of disabled pef@#B8], virtuatbased rehabilitation
exercises systen260] and treatment of motor dexterity disabilitigg61] and also for
navigational instructiong262][263]. Nonetheless, without appropriate consideration of
ergonomics, interoperability, usekperience, part from HCI principles may result in
difficulties for the end users. Moreover, incompatibility dnconflicting intervention

strategies integrated with haptics are the first things to avoid for users with special needs.

While considerable reseaehexist for wayfinding or navigational purposes, the existing
body of works often focuses on individualéth severe visual impairment or blind people,

and not specifically for the persons with cognitive impairment due to dementia. The current
lack of research in this area of demanding special needs, rationalizes its worthwhile and
appropriateness. The nestbtopic presents the review on existing research and intervention

strategies of haptic modality for wayfinding/navigation.

3.5.1 Existing Navigation System with Haptic/Tactile Display

Despite controversial debates on the pragmatic use of haptics for dipablgle or those

with special needs, the establishment of previous works on assistive technology with haptic
interfaceshasproven that this modality is not only beneficial, but also practical. Again, the
applicability of interference could only be verifieafter it is properly assessed and
accomplished. This study hasit forwardthe interestof exploring the potential of haptic
modality for assistive system, precisely in wayfinding. Based on these interest and
motivations, the previous works of researshem the assistive technology that utilized haptic

interfaces/system were being reviewed.

One of the established related works on haptic for wayfindiagdone by Van Erp et al.
[264]. They presented a vibrotactile waist belith waypoint navigation displays an
alternative to visual display in especially military environments. The syst@ompassedf

eight waypoint directions regsented by the location of the vibratiomgth each vibrator
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coveling a 45degree angle. In the previous work by Van E2f5], they reported on the
concept of Mbrotactile displays with fifteen tactors placed at equidistandbedtorso. The
vibrotactile indicatd spatial information in an instinctive manner because the tactors that
produced the stimuli were mapped according to body coordinates. For exampbstdine
embedded otheleft torso represeantlleft, on theright represerdthe right, andat thefront

represetedthefrontside

The comparable haptic interface but with more complex displays is desorilteel earlier
studies. Ertan et aJ263] for instance, described a wearable navigation system using haptic
directional display consisig of a matrix of vibrators integradento a vest. The systegave

haptic signals by-4 stimulator arrayatt he usersod6 back in the
Likewise, Traylor and Tamf266] used matrix display containing a e¢sa 3by-3 array of
vibrotactile stimulators. These matrix of vibrators represg:faur directional signals (east,

west, north, and south), and the systeasproposed to be used in zegoavity environment.

In a different study, Mann et §R67] presented a blind navigational system with a Kinect 3D
sensor range camera and a vibrotactileneg€l The vibrating actuators embedded inside the
helmet converin-depth information into haptic feedback, to allow the users in identifying
depths for collision avoidances. On the contrary, Z6liner ¢2&2] conceptualized a mobile
navigational assistance with Microsoft Kinect and optical marker tracking to help the indoor
navigation of individuals with visual impairments. They created a belt embedded with

vibrotactile outputs that were used to detect obstacles during wayfinding tasks.

The aforementioned studies pioneered the likelihood of haptic stimuli to translate the
fundamental directions, which again underlined the applicability of this modalityistiags
personsdé6 wayfinding. Neverthel ess, weges pi t e
intended for people with cognitive dysfunction problem and seveeenot even for people

with disabilities [263] [266]

The next work which waslaser to our goalwas done by Grierson et al234] who
investigated the use of tactile signals to ststbie wayfinding of persons with dementia. This
specific studyhadbeen acknowledged in previous review, under the assistive technology for
indoor wayfinding (Section 3.3.11). As mentioned before, they developed a wearable belt

embedded witliour vibrating motors thatvereadjusted to the cardinal positions, indicating
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front, badk, right, and left directionsThis was the very idea where our design concept
commenced but with a different twist since this study implemented the navigational
assistance partitarly for indoor environment. This studyfound that itwas important to
highlight the potentials of haptic/tactile stimuli to assist or improve the wayfinding of

individuals with cognitive impairments to serve their different needs and issues.

Haptic/tactile feedback as forms of signals provides a simple, yet a promising form of
directional cues that allows users to concentrate on the surrounding with other senses (vision
and hearing) during wayfindin@68]. Besides, the vibrotactile signals that created the haptic
simulation are lessistuptive as compared to the auditory instructions, which is a suitable
substitute for continuous feedba@62]. The existing technological interventions thétize
haptic/tactile modality to assist wayfinding have shown positive results, though most of them
are meant for visually impaired and blind people. Also, most of the existing wayfinding
intervention strategies, which include the abaventioned studief262] [263] [234] focus on

indoor navigation. This means, fuethrresearch on navigational assistance for outdoor
wayfinding purposes highly recommended.

Another essential point is all the haptic interfaces/systems described above are the wearable
technologies/devicesDesigning devices to be wearable improve piacticality of handling
and operating [269] [270]. To better observe the reviewed works, Tabld Below

summarized the methods of interventitargetusers ad positioning of haptic interfaces.

Table 3.3: Existing works on haptic interfaces for directional/wayfinding

STUDY INTERVENTION TARGET USERS/ POSITION

APPLICATIONS

Van Erp et al. Vibrotactile of eight waypoint Healthy persons Belt/ waist
[264] directions that represents 4tegree| (Military)

angle each.
Van Erp[265] Vibrotactile displays with fifteen | Healthy persons Vest/ torso

tactors that follow the body
coordinate and indicate spatial

information

Ertan et al[263] | Haptic directional display consis| Blind persons Vest/back
of a 4by-4 stimulator array matri

of vibrators.

80



Traylor and Tan | Matrix display contains a coarse 3| Healthy persons (Zero| Vest/ back
[266] by-3 array of vibrotactile gravity environment)
stimulators that represent east, we

north, and south.

Mann et al[267] | Blind navigation system with a Blind persons Helmet/ head
Kinect 3D sensor range camera a
a vibrotactile helmet to identifying

depths for collision avoidances.

Zoliner et al. Mobile navigational assistance wit| Blind persons Belt/ waist
[262] Microsoft Kinect and optical
marker traking for indoor

navigation using vibrotactile

outputs on belts to detect obstacle

Grierson et al. Wearable belt embedded with foul Persons with dementia Belt / waist
[234] vibrating motors on cardinal
positions.

The new wave of technologies and cutrieand in computingllowswearable technologip

find its niche by combining social networking, entertainment and even healthcare. This
motion sits wellwith the present needs to evolve into more portable, mobile, and also
wearablegadgets Well-designeddevice and its wearable form let users to experience an
effective way to access its intended purpobtmeover combination of sensory inputs to the
wear able device may offer the solution to
address saory impairment§271). Therefore to be precise, it laudableto deliberate the
wearable aspect of technological proposals. Again, it is agreed by the previous studies
presented in Tabl8.3. Hence, this is the subject matter to be emphasized in the following

section.

3.6 Wearability and Wearable Devices/Technologies

The needs for wearable form of devices/tools have bwen desired Many of the devices
designed to be wearable such as the invention of time pieces and eyeglasses for arstance
for their obviouspurposes: accessibility and practicality. Only after the abundance of
technological platformss available today, the integration of datgut is featured for local

data storing purposed®ue to that, current wearable technology provides fdion user
communicatns and interaction capability and allows the wearer access to information in real

time.
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In addition, with theobscurity of current and future technology, devices evolve from wired

to wireless from monumental size tminiaturized,and last but not leasobile to wearable.

The advancement of technology allows the existing devices to be scaled down or
miniaturized into new i mproved forms that
or better functionality.Among the most established examples this scaling down /
miniaturization evolutionare the mobile phong radios, and computers made more
personalized and customizab¥et, reducing the size of computing tools, for instance from

the desktop computer to a smaller and portable dimensionnddezdd much value to the
existing one. In relation to this, designers and engineers should make the most of a whole
new context of putting human physique as a framework to the proposed

innovations/technologies.

I n a simpl e def iaensitdthedanteraction wetwean dhb humantbgdy and tieef
wearable objedi272]. Designing a device to be wearable relies upon the fundamental key in
developing wearable computing systems; wagaility, the physical form of wearables and

their active relationship with the human forf@72]. The terms wearable technology or
wearable devices describe electronic technologies or computers that can comfortably be worn
on the body or incorporated into items of clothing and amréss. Also, the reason of the
Awearabl eo choice is indeed, readabl e in t
selfpowered, seltontained computdl73].

From a wearable perspectitbeissue that is often addressed is the user interaction. It can be
possibly resolved with the incorporation of multiple modalities for input and birtputhe
wearable devices. Thesewearable devices are expected to perform many of the same
computing tasks and provide access to information and interaction with information,
anywhere and at any time. Yett is acknowledgedvearable technology casometimes
completely outperform the existing hahdld devices since it may offer sensory and
scanning features like biofeedbd@c4], and tracking of physiological fution [275] which

are not commonly featured in mobile and laptop devices.

As one of the crucial aims of advancing the current technologies is to support and shape the
human social systeri276], wearable technology certainghould havets own way of
contributing. The use of wearable technology damdeveloged further in more important

fields such as health and medicinthat include fitness, &mng, and disabilities and not
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only for the domains of education, transportation, enterpesd entertainment. In fact,
wearable devices have been used moréhe past decade angdive a positive impact on
healthcare and medicine, way before the current demands for other applications. For
example, Park and Jayaraniai7] reported a study on the basfsumobtrusively monitoring

the patientsbehegltihhandpwesénted AWear abl e
shirt, aimed at monitoring vital signs and sending that biofeedback information to a hub

station in real time.

Wearable technology promisegegt inspiration on gaming and entertainmenivalt asfor

health and fitness. For example, the integration of more advance interface like Augmented
Reality improves the gaming experience (gamification) due to the realistic and immersive
environment in ral time. The famous invention and a recognized reference to the
considerations of both wearable and aesthetically appealing technology is the Google Glass.
On top of that, this invention has also been explored for different applications, such as
medical [278] education[279] and even as an assistive technol¢g80]. However, the
general goal of utilizing wearable technologies regardless of the aforementioned fields and
inventions is to seamlessly integrate and imprpeetability, functions, and aesthetic of
computing gadgets into individuwhickidknavai | y | |
for the features it offers as well as its sleek, lightweight and unobtrusive design. This goes
well with the current marketemands that wearable devices/technologies are part of fashion.

Despite the fact that wearable devices should be abte fut onor worn and take off

easily, there are more advance conceytgrebythe devicesuch as microchips or smart
tattoos aremplantedonto bodies So,whether or not a device is worn on or implanted, it
has the most direct contact to the human body. Also, for interaction and maybe
communication purposes, it is the first surface that has the contact with others and
environmen{281]. This is agreed bfj272], where human body is a very valuable supportive
vesselfor wearalte device. When this happens, a worn device/technology can become a
complete system to transmit interchangeable data. At thefehd day the main goal of this
unique artifact is to create constant, convenient, seamless, portable, andaeas&st
interface to the system and information provided. Therefore, with better understanding of
human forms and its roles for wearable product design, designers and engineers can explore

new possibilities of what integration between technologies and human bodyfferay

83



3.6.1 Anatomical and Physiological Consideration

In designing wearable device/technology, it is relatively imperative to consider its appropriate
placements on human body. Yet, many aspects influence this deasrtheforemost
criterion of wearabity is comfort. As presented bj272], the other aspects include the
analysis of: (1) wearable objectglothing, bodyarmours and portable devices/objects, (2)
human body- form and dynamics, part from human anatomy, anthropologgnemics,
physiology and biomechanics, and (3) individual experiences with wearables e r s 0

perspective on preparation, cooperation, and concept of wear and carry.

There are not so many available references or existing works on the recommaeridation
design wearable devices/technologies. One of the most referred studies in this area is
conducted by Institute for Complex Engineered Systems (ICES), Carnegie Mellon
University, led by Gemperlg272]. Here, they emphasized on the six ed of
considerations and necessary principles in designing the wearable products. These main
criteria are as follow: (1) placementappropriate positioning on body, (2) Form language
shapes/forms, (3) movementdynamic structure, (4) proxemiéspereption on space, (5)

sizing i body (parts) measures, and (6) attachmienintegration of devices into the
body/clothing. The rest of the recommendations include weight, sensory interaction,
accessibility and aesthetic.

Il n t he gui de lisithe &rst mentiopelidaatseggestiodnd this shows it is one

of the most important criteria. Hence, to achieve the dynamic objective of a proposed device
to be comfortably wearable, it has to be pl s
normal mobility, movement and functioning. As shown in Figurd, 3hese are the body
areas that are suitable for device placement to accomplish the said dynamic wearability.
Meanwhile, thesuggested positions/placements on the areas of humanshodid be (1)
comparatively the same size among adults, (2) low in movement/flexibility, and (3) larger in
surface area. The dynamic understanding and measurements of human bpéditireat
aspeds, since human body (mostly the skin) is a magnificent space andemspé creation

of technology intended. The strong relation between morphological and physiological factors
in human towards the common bodily functions approvedisapproveghe integration of

technologies.
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Figure3.4: Areas with the most unobtrusigpaceor wearable objects

asdocumented by Gemperle et @72].

In the same waycurrenttechnological advancement may extend the biological capability of
human beings by means of fullytilizing and incorporatig multimodality of sensory.
However, appropriate reflection on the limits of bodily funcsiand biologicalcapabilities
should not beneglected, so that they can &egtly incorporated with the proposed invention.
In this study specifically, the limits and incapability of the target population i.e. elderly with

cognitive impairment mainly due to dementia, need to be addressed.

However implementing a new form of intervention to the persons with dementia (either
pharmacologically or not) using unfamiliar technology net an easy task and laig
challenge. The use of assistive technology to support these persons in managing their daily
actvities is known to promote independence and optimize/maintain quality of2B2]

[283], while at the same timét may delay the institutionalizatioprocesses[284].
Nonetheless, persons with dementia should be well exposed or introgucedproper
training to use the assistive technology as adaptive equipment on daily basis, such as simple
mobile and electroni interfaces (everyday technologjg85]. To get the persons with
dementia familiarizedvith the technology they are encouraged at leagth the minimum

effort to learn new things (like interfaces) , help to gain their interest and maintagnoumsn
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[282]. Besides, the other arial point is the design of the technology. As agreed28%],

badly design devices/technologies with great technical issues and complications are less
aceptable, in terms of usefulness and frequency of use. Similarly, as reviewed eatrlier in this
chapter, there are numerous assistive technologies that are in the form of wearable. Hence,
the equivalent ruleareapplied for the implementation of wearable ideg to these specific

users.

To be comfortablas the key factor for any wearable design for healthy/normal users, let
alone for people with specific disabilities. In fact, within the care of elderly with dementia,
there is an understood postulatioattthe goal is comfof287]. According to[287], comfort

for dementia patients is not only about designing clothes to be moréyleosklack of
restraintas dressing ay result in both comfort and discomfort to these persahss more

on what are sociallyacceptableand their implied meanings . What is worse, due to the
physiological, behaviaral and cognitive changes, they usuake no longer interesd in

their appearancer dressing and this may hinder the purpose of wearing the device

The incorporation of technology to the person with disabilities lies greatly on the derivation
of its design as a whole idea. Rosenberg, Kottorp and Ny@&@] came out with the
recommendation on how to incorporate technology for people with dementia (with the
support of significant others). They underlined several crucial points: (1) acceptance of the
technology, (2)making it a habit, use on daily basésads to familiarity, (3) uncomplicated
interfaces with minimum learning and interaction required, (4) intelligent functions that may
prevent users making mistakes and may automatically correct errors, (5) dynamic and
flexibility of the technology, and lély (5) not stigmatizing the users, probalbhaking them

less obvious.

To conclude, a properly design technology reflects all the considerations as prieeeded
wearable, portable or ordinary equipment. Again, the introduction/incorporation of
technolgy can only succeed with the acceptance and readiness of the users, in this case; the
persons with dementia. This can be achieved with thectasplicated design tbe used

daily effectively as well as the encouragement of their support system (spoasad; f

members, community, etc.)
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3.7 Conceptual Framework

At this stage, the study has grown significantly based on the reviews, arguments, discussions
and reflections of the previous related works mostly presented in these first three chapters.
Torepresenther esear chés synthesis of | iterature be
researcher so vi ewp dghenmeseach subjett, socboneeptual feamewsrkh s o n

plotted to expounthe required further actions.

In a simpleterm, a conceptual dmework consists of what a researcher understands on the
connection between variables in his study. In a research, the investigation of particular
variables is necessary. As McGaghie e{289] postub t e : The conceptual f
the stageo for the presentation of the part.
being reported based on the problem statement. The problem statement of a thesis presents
the context and the issues tbatised theesearcher to conduct the studlignce in this study,

if theywere tobeput into sequencethey start with the increasing number of older adults

and those affected with the cognitive dysfunction disease namely dementia. Then it goes on
about the common needs and issues of these individualsgaingd deeper into one of the

mostprevalentand reported problemse. mobility in general.

Mobility issues in elderly with or without dementia do not stand on its own, as it is
interdependenceetween navigation ability, spatial skill, and essentially the sensory. The fact
that the most vital sensory is often impaired in these people sparks the instigation to explore
the promising and distinctive alternative modality for wayfindinigaptic. Nonéheless, the
theoretical frameworks would not be complete without the review on existing strategies for

wayfinding (navigationandorientationincluded)intended for people with dementia.

There are three stages of review of literatures included, thetvdios reviews were made
systematically and in depth so that the reason to focus on assistive technology is edlighten

as well as justified. While the third review proves the relevancy of haptic modality for
navigation purpose, as initially promoted inetformer chapter. Equally important, the
wearable aspect of existing assistive navigations is discovered and motivates its usefulness
for this study. Figure 3B.illustrates the conceptual framework of this study that employs the
theoretical background/fraework, predominantly of the collective literature review

presented.
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In the following chapters, the study reports on the proposed design projeet! lwa the
theoretical requiremendll the aspects emphasized in the framework are used to develop the
design concept oFfeefiWaakabAsesi daptviec Navi gati
nutshell, the concept adopts the hybrid approach between (1) lzgplie/as a navigation

modality, and (2) device wearability.
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e FOUR

4 Setting and Focus

4.1 Introduction

Now that the theoretical requirements for the sthdye been presented and discusged

the time to set them into gctice. This chapteprincipally presents the design project
intended as an intervention strategy for the assistance of dementia patiempsoving or
assistingtheir declinedspatial ability. Nonetheless, proposing a design concept could not be
flourished without the reflection of several important design principles thaifgiiated for

the main goal of this study. Thus, befeve go further on the design project thatsed as a
case studyfor this researchthis chapter discusses on the adoptiesign principles in
establishing it. These includét) UsercentredDesign, (2) Inclusive Design and (3) Design
for Disability, apart froma couple obther principles that share the common philosophies and

motivations.
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4.2 Adoption of User-Centred Design Approach

Too often, the design of everyday objegssimilateeminentlyon business goals, impressive
featuresaesthetics and also the technological capabilities that they offer. Have a look at the
various products in our daily lives that vaee fascinaté into buyingdue to theenticing
advertising, butvithout properproduct knowledge on their features, functions, usegport
requirementsetc. This is probably the undesirable implication of when they were designed
without bearing in mind humans as #edusers. As a consequence, they are not at all times
intuitive, andbring aboutdissatisfaction to the usevghenthey could not comprehend the

features provided/offered.

In relation to this, employing the target users in ¢katreof development press of one
proposed design is relatively critical, since they are the ones who are meant to enjoy the
featuregoutcomes One design principle that is best to describe this important aspect is the
usercentreddesign (UCD). In a broader term, UCD referdhe practices of what a design
should be likeandthat is influenced by the endsers. Nonetheless, the ideology of UCD is

not solely about ensuring to place the users in the heart of the design processes, but also to
construct a concrete placement whesers can interact with the design outcomes (products,
systems or services), as wadithe characteristics of this interaction.

One of the earliest | iterxentewWr el sfi gunrdd itsh atocu
a study by Norman and Drapeom the University of California San Diego, back in 1988. In
their book entitled: Use€Centrel System Design: New Perspectives on Hw@amputer
Interaction[290], they presented the four fundamental rules of the appropriate designs, which
are:

i. Possible actions are made easy, whenever needed.

ii. Conceptual model of the system, alternative actions and effects of the actons a

made clear and understandable.
ii. The assessment of systemdbs current state

iv. Intentions and the required actions follow the natural mappings.
These suggestions are the true reflection of UCD principle, where the designs should be made
with the endusers at theentreandasthe main goal. Although these suggestions sekm

be the basic of design process#isereare many design$eing madewithout these proper
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considerationg-ence, itis the role of designers to create designs whicth&etsers tatilize

their intended features intuitivegnddefinitely with minimum effort to learn.

For example, a newlpoughthome appliance should be equipped with the straightforward
guidebooks with minimum graphics and wording complexities abaut ttpr oduet 6 s Kk
how. This is because incomprehensible and unwieldly user manuals are not following the
UCD principle[290]. Here, the major difference between UCD and other design philosophies

is made clear, where the aim is to enhance the designs (products, systems or services) based
on the capabilities, desis, and needs of target userstéad of obliging the usets accept

one design as it is, then learn to aseystemand change theibehaviourand attitudegso

accommodate the produced designs.

Then againthe principal criterion of UCD isot simply about producing intuitive designs.
ISO 13407[291], an international standard establis
humancented design activities throughout the life cycle of compbiesed interactive

systemso, descri bes categdiess rom four prospectiv

1. Rationali relates to advantages of usable systems, for example reduction of training
and support costs, improved user satisfaction and productivity of users.
2. Principlesi describes general principles that approved the UCD:
I. active involvemenbf users and their task requirements,
ii. proper distribution of functions between users and technology,
iii. repetition of design solutions, and
iv. multi-disciplinary design
3. Planningi guides to fit UCD activities into the overall system development process.
4. Activities - description of UCD activitieas illustrated in Figure 4).1 are identified
as:
i. Understand and Specify Context of Usknow the user, the environment of
use, and what the tasks are for.
ii. Specify the User and Organizational RequiremerRggulate the usability for
the product, as well as guidelines and limits.
ili. Produce Design Solutions Integration of HCI knowledge (visual design,

interaction design, usability) into design solutions.
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iv. Evaluate Designs against Requirement&valuation of degn usability in

contrast to user tasks.

idenfify need for _ - = = = ))~

human-centred ~ ~.
design %
understand and specify

context of use

-

A

4 \
Y, TP ]

1.7 system satisfies .
evaluate designs specified user and specify the user and
against requirements organisational organizational requirements
. requirements I

produce design solutions

Figure 4.1: Activities of UCD, adopted from ISO 13407 standf2€1]

As preceded above in one of the UCD activities, the decisions about the selections of
appropriate users and the involvement of users in the design process should be carefully
made. Usually there are {gers/leves of users who are interconnected to each oithemny

design. We can take the usen this study as an exampkérst, older adults with dementia

are obviously the primary useof the proposed design interventioBut, the caregivers
(formal a informal) are the secondary users who are occasionally using the device, probably
to assist or train the dementia patients with the intervention. Finally, the managers of a
nursing homes or medical experts are the tertiary users who decide about hHasipgrof

the device.

All these users made up the stakeholders d@ésignatedartifact or device For thatmatter

the successful design of a product, system or service should take into consideration of this
wide range of stakeholders. Nonetheless, lasned by[292], although the outcome of
produced artifact on the stakeholders is essential to be taken into account, not all of them

mustbe involved in thedesign process. Following the UCD activities, the design team may
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develop the variety of possible design solutions, once the stakeholders of a proposed artifact

have been identified by means of ardepth investigation of their tasks and needs analyses.

Subsequentlyas the design process develops, the design team should take a closer look on

the assessments of tadefactagainst the user tasks, since they contribute in recognizing the

required measurable usability criteria.

The criteria are highly corected to the collective issues of measurable usability, such as

effectiveness, safety, usefulness, ability to learnraachorization(of how to use the artifact

or perform common tasks), acceptance and satisfaction. The evaluation is probably the most

Adislike-yetc r i t phase of the design process, because to identify and visualize all the

usability criteria that are important to the users are very challengingbmtdiselt is indeed

an iterative process and could be succeeded through severabdathe ct i on s

feedbacks. Preece, Rogers and S§298] propose the strategies to assess a dewigdimthe

of

inclusion of users in the design and development prodéey are summarized in Table 4.1

below.

Table 4.1: The techniques to involve s in the design and development process, adopted2@8h

TECHNIQUES
Background Interviews and
Questionnaires
[At the beginning of the design project]
Sequence bwork interviews
and questionnaires
[Early in the design cycle]
Focus groups
[Early in the design cycle]
On-site observation
[Early in the design cycle]
Role Playing, walkthroughs, and
Simulations
[Early and midpoint in the design cycle]
Usability testing
[Final stage of the design cycle]
Interviews and questionnaires
[Final stage of thedesign cycle]

PURPOSES
Collecting data related to the needs and expectatior
users; evaluation of design alternatives, prototypes
the final artefact
Collecting data related to the sequence of work to b
performed with the artefact

Include a wide range of stakeholders to discuss isst
and requirerants

Collecting information concerning the environment ii
which the artefact will be used

Evaluation of alternative degis and gaining
additional information about user needs and
expectations; prototype

Collecting quantities data related to measurable
usability criteria

Collecting qualitative data related to user satisfactiol
with the artefact

st

The strategies presented are eligible to be combined and altered according to the availability

and suitability of the evaluation subjects who are also the target Asementioned earlier,

the stakeholders of the design projednsistof the dementia patients themselves, the

caregivers, dementia medical experts and the responsible representatives ig nurs
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homes/health institution®everthelessthe selections athose who will participate in see

parts of the design process or in the evaluation phagesubject to theuitability of their
involvement. This study has three assessndunisig the development of the design project:
preliminary assessment which didt target on the dementia patieassrespondentsvhereas

first and second usability tests recruited dementia patients as the subject tests. The strategies
used and their corresponding participants are all discussed comprehensively in the following

sectons and chapters.

Furthermore, dsigning for persons with special needs and disabilities is not an easy task, let
alone the difficulties to involve them in the design process. Even so, proposing a design
projectwithout their involvement as the primanges of the stakeholderthen would render

it unaccomplishedTherefore, there are many aspects to be kept in mind in ordezdtihe

main objective of the design proje&hd eventudly achievethe goal of the study. For this
reason, we found thatthep nci pl es and criteria of 6Desi ¢

Designd are adoptable and appropriate for th

4.3 The Inclusion of (Target) Users

In thisinformationage especially, giving equivalent access and opportunities for everyone in

a soci¢y has becomeop priority. With regard to the prefacecbncerns omatters, the
befitting design principle tde exerciseds the Inclusive Design (ID)nclusive Design is

focused on particular design that includend address the needs of the widestgble

number of consumef294]. The establishment of Ivas pioneered by the British Standards
Institute (BSI) in 2009295]. Her e, they define I D as O6The
and/or services that are accessible to, andl@dg, as many people as reasonably possible ...

without the need for special adaptation or s

ID has five major groundworks as recommend285b], which are: (1) situating people at the

heart of the design proceas ininvolving as many people as possible on the design, (2)
acknowledge diversy and differencemeansdesignsare created to meet the needs of as

many people as possible, (3) provide choices where a design solution cannot accommodate

all users by considemgpeopl eés diversity of obstacles a
solutions that benefit everyone, (difers flexibility of usewheredesign should be adaptable

for different uses and demands, and (5) provides convenient and enjoyable

94



spaces/environments for everyohg taking into accounthe elements(architectural and

desgn) with sufficient information.

That said, IDgives theanalogous explicatoh o ot her design principl
Designd (UD) and o6Design for All &6 (DFA). Al
greatly patronize théhought in expandg the accessibility of the interactive system for the

widest possible range of uE96]. What make$JD and DFA fairly distinguishable from 1D

is thatit is initiatedon the basis of disability and built environm§g2®7]. As defined in the

Universal Degn Handbook[296] by Preiser and Ostroff from th€entre of Universal
Design at North Carolina State University,
to be sable by all people, to the greatest extent possible, without the need for adaptation or
specialized designo.

For UD, the principal philosophies validated [297] include: (1) Equitable Usé Useful

and marketable design for people with diverse abilities, (2) Flexibility in -Upeovides

design with wide range of individual preferescand abilities, (3) Simple and Intuitive Use

Easy to understand design for every level of user's experience, knowledge, language skills,
or current concentration level, (4) Perceptible Informatiocommunicative design to
deliver necessary inforat i on t o the wuser, despite the a
abilities, (5) Tolerance for Error Risk/danger reduction design and lower the chance of
accidental or unintended actions, (6) Low Physical Effétasyto-use, effective and
comfortalbe design with a minimum effort, and lastly (7) Size and Space for Approach and
Use Proper dimension and space for approach, reach, manipulation, and use purposes

for everyone.

Once again, the thrakesignterms have a similar purpe but diferent originsFor example,

UD originated in the United States of America axghandedo Japan and the Pacific Rim,
while ID is used within Europe as it is pioneered by the United Kingdom government.
However,the aim of this study is not to debate on tlieergence on concepts of use and
ideas of all these design principles. Indeed, there are existing {29&§4] that investigate

and explore these differences in terofsevolvement, methodological and philosophical
aspects of the concefithe differentviewsktonceptions of each princgbre acknowledged,

but the attention is given more on thgéaneral/commundlndamental philosophyhich are

accessibility, inclusion, equal chances and many other teyrtitee same meaning.
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This study however, ignostly inspired by the conception I&f for older and disabled people

and on other excluded groudsy deliveling mainstream solutions. It also begins with the
perspective of product design and the highlight is to choose the segmented markets and users
for a specific designin generalUD ard DFA alsoagreetonsent that one product could not
always meet the needs of the entire populd@®7]. With respect to the concerns raised in

the earlier chapters, by some means it is related to the increasing number of people with
disabilities. This problem islue to decreasing mortality, declining fertility, enhanced
medical applicabns nowadays, and also the Aainlogical factors (such as accidents, natural
disasters and dietaryB] [4]. Additionally, the increasing of ageing population is also a
significant influene to this statistic, because older people are vulnerable to the risk of

disability relating to physical, mental and health conditig298].

Whether or not the disabilities are caused by ageing or other biological afmolamgical
factors, disabled people are typicafigcing sone common obstacles. The obstacles, as
agreed I [298], can be in forms of: (1) Attitudindl the perception of others towards them,

(2) Policy and/or Organizationalin which it is drafted without the consideration of people
with disabilities, (3) PhysicalArchitecturali elements bbuilt environment and spaces, as
well as shared facilities that are inaccessible, and (4) Information/ communidatielases

to both receiving and delivering information, where the disabled people are not listened to,
referredto or involvedin. Theseare the major obstacléesideghe external issues, such as

the lack of funding, researches (data and evidences), and conssiltation

Persons with disabilities are those who have physical or mental impairments that markedly
restricted their life activies. According to the definition by WH(@R298], disability (or
previously disablement) is an umbrella term covering the negative dimensions of
impairments, activity limitations and participation restrictions. Besides, it is certainly a
normal portion at different stages of oueJiwhere we can be momentarily or permanently
impaired depending on the aforementioned influences. For example, surviving until old age
without any physical impairment does not mean we will not experience other bodily
functions and mental conditions issua the futureThis highlights the issues of disabilities

and the correlated aftermaths should not be taken lightly.

The barriershavean implicationof disregarding disabled persaoinem the majority of social

system. We can say that these ardehging constraints that hinder them to live likeost of
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thepeople. Thus, the key to support and empower the disabled people is by gettindpeid of t
barriers, making things lestfficult and more accessible. This will indirectly encourage them
to do the lest they can andarry outtheir responsibilities, without being ignored or tesh
unethically by the societyrhe destructive discrimination astigmatizatiortowards disabled
people should bexpunged as we are now living in a modern society, wher pleople
should be more civilized and open towards differences. Therefore, the initiatives to
breakdown these classic major obstacles should be promotpeisesered Along with this
effort, many of the established works focus on the approach of sogtéme independent
living of disabled peopl¢299][300], for as long as possible. To achieve this, the society is

expected to include or take them into consideration before any societal decisions are made.

On the contrary, although disability causes many complications to the persons themselves
and others, it is at the same time provides the opportunity in furthering more efforts to find
the possible solutions to assist their reduced functionality. In view of this, aside from the
social perspective by means of changing the attitude, incredsenduhds on policies
implementation, and improving the provision of services, the inclusion of disabled people
decision makingan make good use of the advancement of currentrdasid technological

platforms.

In addition,disability caused by aing and healthrelated conditions is different from other
typical disabilities experiendeby younger disabled persons. This is because the elderly are
too oftenhavinga collective impairment of sensory, physigjoand memory. Not only that,
sincethe disality faced by older peoples increasingvith age[301], they probably need the
support more than the ynger disabled persons. For this reasha,approach used to design

the assistive technology for them could be different and shespdciallymeet their needs.
Therefore,the design strategy for developing the necessary intervention must be carefully

executed.

Here, the studies about assistteehnologythat aremainly to helpreduce the difficulties

and increase, maintain, or improve functional capabilities of ttiesbledpeople to do their

daily routines[302] [222] will indeed advance this commeoauseground. In the premises,
designing the appropriate technological interventions intended can only be realized by
placing themn the core of design development process. Again, the primary doctrine of ID as

97



previously describethat isto place people at the heart of the design process matches the

UCD principle, where designs should be made with theuseds at theentre

Therdore, as a conclusion, this study takes into consideration the principle of ID (in parallel
with UD and DFA) that upholds the philosophies of UCD at its substance, in order to
promote more design and technological solutions for the mentioned issues tlineugh
creation of pertinent assistive technolodyigure 4.2 below portrays this intersected
relationship. The discussed aspegige the weight in the design project proposed in this

study, which is presented exhaustively in the next subtopic.

UCD <« > |ID = ubD / DFA
User-Centr ed Design Inclusive Design Universal De sign Design for All

DFD
Design for Disability

AT
Assistive Technology

Figure 4.2: The correlation between the design principles that motivates the design proj

4.4 Design Project

The development of design concept and proposal is principally based on the different phases
of this study and consigned by the various aspects discovered in conjunction with the thesis
flow. From the theoretical requirement thete mostly attained as a collective literature
review, it is revealed that there is a pressing demand to find more solutions for the current
wayfinding system or navigational assistance in particular for the said target iLesers

elderly with dementia.

At the same time, from the design and technological point of view, the concept of
interventionbeingproposed is the combined deliberation of:

i. Haptic (tactile display) as the modality for the navigation

ii.  Wearability of the device
ili. Outdoor navigation, and the

iv. Principles ofUCD, ID and Assistive Technology
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4.4.1 Conceptual Design

Based on the consideration of the previous works and the flestudythinks necessary to
resolve, a new concept of wearable hafgedback assistive navigational device the
design prgect is proposedThis standalone and lesmtrusive navigatiordevice integrates
haptic stimuli as the signals, instead of reading a map display or listening to speech

instruction in the course of navigation.

The device provides the simplest possibferimation about the navigational instruction: left

or right direction. The uncomplicated feature is crucial as to avoid distraction or confusion by
the users when using this device during wayfinding ta&2]. This is important because
even a minor interference may cause misdirection to the individuals with dementia. For this
reason, as well as for the ease and practicality of handling by the usetsyttess meant to

be wearable

One of the most important principles in designing the wearables is the comfort {@8ire

that has been discussed in the previous chaptesnetNeless, people with dementia are
known to experience dressing difficultigF)3] and yet, comfort is the main goaithin the

care of elderly with dement{287]. It is imperatie for the device to be put on and taken off
effortlessly.In addition, the device is alstesigned to be worn as a pair on both sides of the
appropriately chosen body parfBhese considerations are added to the design concept to
maintain the uncomplicatefe@atures and practicality of a wearable devespecially for the

target users, i.e. elderly with dementia.

The proposed positions to place the device are based on the recommendation by Gemperle et
al.[272], as horoughly discusseidh Chapter ThreeThe general areas of human body that are

the most unobtrusive and suitable for wearable objects are taken into consideration here.
Equally important, the butiin haptic signals (from the tactile display) work most efficiently

when theyhave the direct c 3064]. dlente fomwthig ihitialdesignr s 6 s k
conceptthe studyproposs the integration with thelothes or underwear. In view of that, the

positions thatre found appropriate for the integration ag follow: shoulder,waist, thigh

and feet. Figure 4.@) shows these possible positions to place the device.
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To better describe the design concept,scenarios usedto visualize how theproposed
navigation systenworks, as shown in Figure 4.XVith referenceto the illustration, to go

from point A (home) to point B (local supermarket), there are three routes the user can
follow; #1 (Option 1), #2 (@tion 2), and #3 (Option 3). In initiating the journey from point

A, one may turn left or right and the haptic signals embedded in the navigational assistance
will start immediately. If he/she turns right, #1 will be the choice of route, whereas left is fo
#2 or #3. In order to go back from B to A, the signal will initiate as soon as thenmers

out of the place (B), and direttim/her into the correct route (#1, #2 or #3).

(A) (B)

Figure 4.3: (A) The wearable haptiteedback navigation, with (B) the possible body pa
positions

During wayfinding, the users are expected to travel withenestimated range. The suitable
range for the users to travel independently with the device is yet to be determined from the
preliminary assessment that is reported later in this chagtéhough the users are assumed

to be aware of the intended deation, theymay accidently go beyond the range some
inevitable casesThus, when this happgna stronger signal will start immediately to guide

themontothe correct path.

At this pant, the design concept is in its preliminary phasethedvorkirg prototypehasyet
to bedeveloped. On the surface, the system adopts the existing navigation system that works
with GPS, but it should simultaneously support the main functionality or feathegptic

stimuli as directional cues. The proposed systemitaathre ofthe device is shown in Figure
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4.5, 1t consists of (1) two sensomdirectional sensor and GPS receiver, (2) microcontroller,
(3) and the wearable hapfieedback device. Technically, the sensors umedto detect

us er stine Iocatdn andorientation, and the location information tisen sent to the
microcontroller. The microcontroller is used to control vibrators and input fdata the
sensors, and communieawith the host PC. The output voltages data allows the vibrators
frequencies tde controlled. In addition, the haptic stimuli are created with multiple vibrators
thatfunctionat regular intervalaccording to body position$hese series of vibrators will be
embedded between the two layers of fabrics and sealed togetmgr tisead, as

demonstrated in Figure 4.8).

Haptic-feedback signal on the
right leg indicates to ‘turn right’

Figure 4.4: The illustration on how the navigation device works

GPS Directional Sensor The wearable device
GPS geomagnetic : acceleration KeieTe (fashon
receiver sensor : sensor vibrating motors)
Garmin :
GPS 35HVS '

Arduino LilyPad
Vibe Board

- distance between
tactors: 20mm - 50mm

Host PC micro-

- factor dimension:

controller D/A i 20mm x 1 5mm
‘l’ |I’ frequency: + 200Hz
) converter - inferstimulus duration:
Arduino 50ms
microprocessor

Figure 4.5: Proposed system architecture for the wearable device
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Then again, the preservation haptically explored objec{203] is based on the distinctive
attributes of human implicit memory. Thus, to establish an encouraging result of intervention
from this proposed project, the device should b& ussmstantly or as a continuous practice.
Above and beyondsince the concept employs a new technique of wayfindimgay require

continuoususageo get the users familiarized with the device functions and interfaces.

From the principle of UCD, it ishighly recommended to implement the strategies of
assessment at different (maturity) phases of the design and development process. Therefore,
before materializing the functioning prototype of this concept, it is necessary to understand
the potential of tis first proposed conceptual desighits initial stage. The next section
presentsthe preliminary assessmemf the design projecbased on its aim, method, and
finally results and discussions.

4.5 Preliminary Assessment

The preliminary assessment is coaiga intheform of a survey. This survey is carried out as

a proof of concept for the new navigational assistance to facilitate AD patients in finding
their ways within the environment they live in. This stahohe wearable device provides an
alternative towards the conventional visual (map and route) wayfinding techniques.
Accordingly, before implementing it in the real life situation, the needdmprehend
whether this new concept is acceptable, suitable and praistitighly noteworthy. For this
reasonthe survey aimed to investigate the feasibility of the design concept in terfig of
acceptability of intervention, (2) usability on users, (3) wearability of the device, and (4)
setting suitability of interventions.

The survey was made of bottose-ended and opeended questionnaire structuigefore
partaking inthe survey, respondents were given a summary of the conceptual design which
described the proposed navigational assistance coAdeptdescription was necessary since
the proposed caeptwas unlike the ordinary or existing navigational devices. Also, there
weremany technical terms used in the questions that might not be familisderstood by

the respondeni§the system was naufficiently described beforehand.

In order toattain andjustify the specific objectives of this preliminary assessment, the

guestions are subcategorized into several segments, exclusive of the question associated to
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the demographics of respondents. These segments include (1) acceptability, (2) ityearabil
(3) setting suitability, (4) usability, and (5) general concept. Henceforth, the following

subsections elaborate comprehensiweglyhe data gathered from the survey.

4.5.1 Demographics of Respondents

The questionnaire of the surveyas distributed onlne to the selected AD and dementia
institutions or researctentersin the United Kingdom, Italy and Malaysia. The selections of
these institutionswere based on availability, recommendations and the established
networking.In carrying out the surveyheére werea few importanthoughs or notions to be
considered whenonducting and distributing the questionnaire of this surVbg.first sets of
considerations weren regard tothe population, sampling and the accessibilidere,
although the proposed t@rvention concerns individuals with AD, attaining feedbacks from
them could be insubstantial. ThMssparticularlydisconcertingoecause this survey requdre

a clear justification of prefences and definite reasonidg.cordingly, the target respondents

of the survey werg(1) caregivers and (2) clinical/medical experts of AD, since they have the

most Kknowl edge behavieumrditaregivingpeed i ent s 6

Additionally, despite the importance of this survey to determine the perpetuation of the
proposed project, itvas not the only and main data collection for the research. In fact, as
mentioned previously, the proposed project eedd be preliminary assessed orderto
understandhe deficienciego be improved from the conceptual design beetbe prototyping

phase. Therefore, based on these consideratiensumber of sampletid not represent the
sample size. This was due to some limitations in performing the assessment that included the
availability and cooperation from the respondent#ability of the questionnaire and even

time factor.

Hence for this survey, 42 responderi28 Female andl9 Male) responded tdhe online
guestionnaire in total. The age of the participants ranged from above 65 years old (n=4) and
the youngestvas between 22 to 34 years old (n=11). Most of the respondents were the
professionals and consisted of therapist/ neuropsychologist/ medical doctor/ student/
researcher in dementia & AD. Wasfollowed closdy by AD & Dementia caregiversSome

of the caregivers are the family members or thelatives of the persons with dementia
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Nonetheless, the feedbacks from the family members or the relatives wereonsigered

only if they hadthe working &perience at the nursing homes or at least if they had been
dealng directly with dementia patient§his wasto avoid the ambiguities validatingthis

preliminary assessmenflthough none of the persons with dementia took partthis

preliminary assessmesince they might not be able to clearlyimpnate their peceived

views,the feedbacks from their caregivengghtat | east r epresent the p
for this reason, the feedbacks gathesedea convincing datasetable 4.2below shows the
demographic of respondents in detdthe next subsectionr@sents the results of the survey

according to the five segments as mentioned earlier.

Table 4.2: Demographics of respondents to the survey

Demographics  Classifications Numbers (n) Percentage (%)
Gender Male 19 45.2
Female 23 54.8
Age 21 years old and below 0 0
22 to 34 years old 11 26.2
35 to 44 years old 6 14.3
45 to 54 years old 8 19.0
55 to 64 years old 13 31
65 years old and above 4 9.5
Educational Primary School 0 0
Qualifications | Secondary School 4 9.5
Bachelor Degree 15 35.7
Master6s Degree 13 31
Doctorate 6 14.3
Other 4 9.5
Occupation Professional 36 85.7
Non-Professional 6 14.3
Eligibility to Therapist/neuropsychologist/medical dottor 19 45.2
become student/ researcher in dementia & AD
Respondents Professional/ notprofessional) AD & Dementig 15 35.7
caregiver
Others 9 21.4

4.5.2 Results and Analysis

For the quantitative data, where appropriate, we decoded the answers given by the
respondents using dea. We used a constant scale thamgedfrom 1 to 5, with 1
representinghe minimum score and Eepresentinghe highest. However, this scalave
different connotation and iwent according to the segments of the questionnaire where it

suitedthe questons bett er . For example in the O0Ac
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referred the scale of 1 as O6hillghdgn'utnl k kewdd,0
0l i kel yé, and f i na (Tdblg4.3belew pesentd tilamwllecietirosnt | i k e

the survey.

Table 4.3: The results of the survey based on the acceptability, wearability, setting suitability, usability and
general concept of design proposal

Questions Segments Number of Percentage
Respondents (%)

ACCEPTABILITY

Would individuals with 1. Most unlikely 3 7.1
dementia use this new 2. Unlikely 9 21.4
concept of navigatidgh 3. |don't know 9 21.4
4. Likely 15 35.7
5. Most likely 6 14.3
Would they comply and 1. Most unlikely 4 9.5
cope with the continugs 2. Unlikely 6 14.3
gse to g_et familiarized with 3 | don't know 9 214
its function®
4. Likely 19 45.2
5. Most likely 4 9.5
Is this new navigational 1. Highly unacceptable 2 4.8
device acceptable by 2. Unaceptable 2 4.8
individuals with dementia? 3 Neutral 6 143
4. Acceptable 27 62.3
5. Highly acceptable 4 9.5
Which is the most 1. Shoulders 11 26.2
appropriate position to 2. Waist 11 26.2
place the device? 3. Thighs 4 95
4. Heels/Soles 9 21.4
5. Others 7 16.7
Suitability on Shoulders 1. Highly unsuitable 0 0
2. Unsuitable 5 11.9
3. Neutral 15 35.7
4. Suitable 13 31
5. Very Suitable 9 21.4
Suitability on Waist 1. Highly unsuitable 0 0
2. Unsuitable 11 26.2
3. Neutral 5 11.9
4. Suitable 17 40.5
5. Very Suitable 9 214
Suitability onThighs 1. Highly unsuitable 3 7.1
2. Unsuitable 13 31.0
3. Neutral 9 21.4
4. Suitable 13 31.0
5. Very Suitable 4 9.5
1. Highly unsuitable 2 4.8
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Integrationwith underwear
or clothes (Scale 1 to 5)

Which is the most suitable
attire/clothingto be
integrated with the device?

Suitability on
Men's/women's singlet

Suitability on
Men's/women's briefs

Suitability on Bra

Suitability on Socks

Suitability on Suspendsr

Is the device appropriate tg
be worn in long hours?
(Scale 1 to 5)

SETTING SUITABILITY

o0 A W E GOlER WNRE g W

g H WP R 0N RE R ®NR O WON R OB W N PO R W N

Unsuitable
Neutral
Suitable
Very Suitable

ga B W N -

Men's/women's singlet
Men's/women's briefs
Bra

Socks

Suspender

Others (ishirts that clings to your body so vibratic
can also go to your arms)
Highly unsuitable
Unsuitable

Neutral

Suitable

Very Suitable

Highly unsuitable
Unsuitable

Neutral

Suitable

Very Suitable

Highly unsuitable
Unsuitable

Neutral

Suitable

Very Suitatte

Highly unsuitable
Unsuitable

Neutral

Suitable

Very Suitable

Highly unsuitable
Unsuitable

Neutral

Suitable

Very Suitabé

a b WDN

This navigational device is [EENEE—--
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40.5
14.3
31.0
9.5
4.8
14.3
23.8
31
26.2
35.7
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14.3
16.7
7.1

7.1
31
26.2
35.7
19.0
16.7
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31.0
11.9
19.0
45.2
31
4.8

4.8
35.7
14.3
40.5

4.8

9.5
31.0
16.7
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4.8
11.90
21.4
31
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to be used mainly in an
outdoor environment, do
you agree? (Scale 1 to 5)

The device is useful to
assist individuals with
dementia to find their ways
(may choose more than 1
answer)

Would you recommend
individuals with dementia
to travel alone with the
assistance of this device?
(Scale o 5)

Relevance distance
individuals with dementia
should be allowed to travel
with this device?

Do you think this tool may
also work in an indoor
environment?

Is this new concept of
navigation helpful for
individuals with dementia
in wayfinding?

Do you prefer this device td
be a stan@lone device

Are addtional features,
such as visual and auditor
instruction needed?

What additional feature
should be added to this
device? (optional)

2. 2 2 4.8
3. 3 11 26.2
4. 4 15 35.7
5. 5 14 33.3
1. Within theneighbourhood 38 295
2. To the nearest parks, markets, hospitals, etc. 32 24.8
3. To usepublic transportations 23 17.8
Socializing inside community 23 17.8
5. Others (to find their way home, go to their family 13 10.1
member's home)
1. 1 9 21.4
2. 2 9.5
3. 3 12 28.6
4. 4 13 31.0
5. 5 4 9.5
1. Lessthan1km 13 31
2. 2-4km 11 26.2
3. 5-6km 10 23.8
4. 7-8km 0 0
5. 9-10km 0
6. Other 19.0
1. Yes, mainly inside the home 17 40.5
2. Yes, mainly inside the building 21 50.0
3. No 4 9.5
1. Very unhelpful 2 4.8
2. Unhelpful 0
3. Neutral 2 4.8
4. Helpful 27 62.3
5. Very helpful 11 26.2
1. Absolutely no 11 26.2
2. No 6 14.3
3. ldon't know 9.5
4. Yes 19 45.2
5. Absolutely yes 4.8
1. Absolutely no 7.1
2. No 5 11.9
3. Idon't know 15 35.7
4. Yes 17 40.5
5. Absolutely yes 2 4.8
1. Speech instruction 17 40.5
2. Visual instruction 4 9.5
3. Both speech and visual instructions(similar to 17 40.5
current mobile GPS application)
4. Other (alert to police/passerby to assist patient t 4 9.5
contact family)
1. Improved wayfinding ability 34 81
2. Reduced dependency Improved wayfinding abilit 32 76.2

How this device may be
benefited by individuals
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with dementia? (may 3. Good performance of activities of daily living 25 59.5
choose more than 1 answe (ADLS)

4. Increased mobility 23 54.8
5. Other (improved relationshspwith family 2 4.8
members; less restriction of movement)
DI RYOIIRGIQUIFCEVILAIN 1. Absolutely no 2 4.8
easy to use by individuals GNP 0 0
L LRI 3. Idon't know 13 31.0
4. Yes 23 54.8
5. Absolutely yes 4 9.5
How practicals this new 1. 1 0 0
concepbf navigation to be S 0 0
implemented? (Scale 1 to 5 3 3 10 23.8
4. 4 19 45.2
5 5 13 31.0
DI RYIUN LRGN 1. Very Negative 0 0
could be useful to assist thip REENFETrS 2 4.8
wayfinding of individuals  ERTRTR 3 715
4. Positive 34 81
5. Very Positive 3 7.15
Do you agree if this device [Tl 0
may substitute or provide oSS} 0 0
alte_rnat_ive for cqrrent 3 3 17 205
navigational devices? (Sca
1to5) 4. 4 19 45.2
5. 5 6 14.3
Do you agree if this conce ! 0
of navigational tool helps topESYE.S) 4.8
AR - -
dementia? (Scale 1 to 5) 4. 4 25 59.5
5. 5 11 26.2

From the results obtained from the survey, it was acknowledgethéhptoposed conceptual
design of naigational assistanogashighly acceptable by the users (persons with dementia).
In fact, it is one of the primary concerns of the investigasorthatthe design concept could

be forwarded into the next stagg@sototyping, usability testing andiplementation.In this
threequestion segment, we needed to understand how the new proposed navigational

assistancavas perceivethy userspitherpositively or negatively.
In particular, we asked if the persons with dementia would use this new navigagwitgj d

andif they were able tccope with the continuous use orderto get familiarized with the

concept, since itvas a new form of navigational assistance. Tieedbacksconfidently
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showed that the respondents received the proposal well, with mosheofréspondents

agreeinghatthe conceptwaspractical to be used by the target users.

The following questions directly | ooked int
concept. Once again, most of the respondents (62.3%) rated acceptable ah8%nigted

highly unacceptable. The qualitative analysis from the comments received sdpipisrhigh
percentage of acceptance, whwhsdue to the fact that the proposed navigational assistance
provideduncomplicated features. The simple systgas obviously important for the target

users since thegould notafford to learn and remember ngwt-complex features. Likewise,

the device should accommodate their cognitive incapabilitynahtb cause more confusion.

On the contrarythe qualitative angbis of this segment also suggested tmatst of the
respondents who gave the lower scales in this segment were uncertain if the proposed concept
could minimize their spatial orientation and navigational disabilibésdementia patients.

Figure 4.6demorstrates the scales given by the respondents (by pagegribr each question

in the mentioned segment.

The device wearability is anotherucial criterion of the proposed designparticular orthe
comfort and aesthetaspectsAlthoughat this prelininary assessmettie respondents could
notassuredly justify their positional preferences without the actual physical artifact, they still
couldhelp toindicate the preferred body parts based on their understanding of design concept

which were supportebly their passablexperiencs indealing with the patients.

Respondents

100
90
80
70
60
50
40
30

20 —

e = = .

R : : : .
1 2 3 4 5

Figure 4.6: The percentage of feedbacks according to the scale of 1 to 5 for
qguestion in the O6acceptab

Question_
= Q1
Q2
Q3

Scale
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(A)

Positions

H Shoulder
H Waist
= Thigh
= Top of the feet
u Other
(B) Respondents (%)
100
90
80
70 Positions
60 H Shoulder
50 = Waist

40 u Thigh
30 -
20 -
10 -

0 -

B Top of the feet

Scale

Figure 4.7 (A): Percentage of positional preference @8yl percentage of scal
(1 to 5, with 1 is the least and 5 is the most preferred) given to each pos
proposed

In this second segment (wearability) of the questionnaire strucheerespondents were
required to choose the most preferred positimnplace the device or to trigger the haptic
stimuli. As underlined earlier, the boghart positionswere based on suggestions by
Gemperle[272] and with the possible integration on cloth&he resultsdemonstrate that
both waist andshoulder shared the samigliest score of 26.2 %. Here, the percentages of
positional preferences, agll as the given stafor each position are demonstrated in Figure
4.7 (A) and (B) above.

From Figure 4.1A) it is clearlyrevealedt h at ¢ thehléagffavdured vgith only 9.5%
percentage of preferencBimilarly, as shown in Figure 4(B)), the lower scalesere not
only given tothigh, but also for top ahe feetHowever both shoulder and waistere rated
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with higher scales. Inthe comment about O6ot her positionséd, ma |
the area of hands/arms. For example the wnsas mentioned because maayisting

wearable devicesre foundat this positionwhich wasquite a common position for the

integration with timepieces.

The enquiris on thepositional preference armdeed linked to the followingjuestions
concerningthe fusing of devicewith clothes. This proposal @&mbeddings in line with the

fact that the users/wearers should be wearing the deviceldogdéme, andat least during

the course of wayfinding. Furthermore, as mentionefdre the haptic stimulus works at its

best when it has di r e Basedconhedegraunds theistudy has he us
considered that the integration with clothesdssibly feasible.Here,the respondents were

asked to rate (on the scale of 1 to 5) Ww#sappropriatgo integrate or attach the device onto

usersoo clothes or under wear .

Positive feedbacks were gathered for this specific question, with 31.0% ofsgwndents

rated 4/5 and 26.2% rated 5/5. The prefererioe embedding to the suitable
clothes/underwear is shown in Figure 8.(A) and (B). It illustrated the percentagé
preference, as well as the given scaledach clothes/underwear proposédthe prgposed
clothes/underweamwere in accordance with the proposed positicms preceled in the
previous questionFrom the propsal given, as shown in Figure 4/), respondents mostly
preferred the singlets (35.7%) and secondly the briefs (26.2%) to beatetk@r attached

with the device, while socks (16.7%) and kwvare the leastfavoured with none of them
choosing bra. The percentage of scales given to this proposed clothes/underwear also
corroboragd this preference, where lower scales were given erbth and socks, while the

singlets and briefs received higlssalesof preferences.

The most significant finding here is that the feedbackshenqustions about the clothes
embodimentendorsed the most preferred bgurt positions as reported befoM/e can
synergizethe clothesembodiment with the device placement. For example, the singlets and
briefs are chosen to be incorporated with the device, thus suggest thiagtas aresuitable

for the haptic stimuli on shoulder position, while bsiede appropriate for the waist.
Nonetheless, the subjective analysis in this segment revealed many vindications by the
respondents that support their prefersnegther for the positioning of the device thre

integration with clothes.
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(A)

Clothes/Underwear
m Singlets

H Briefs
®Bra

m Socks

B Suspender

m Others

(B) Respondents

100
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Clothes /
80 Underwear

70 u Siglets
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50
40
30 -
20 -
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B Brief

u Bra

 Socks

B Suspender

Seale

Figure 4.8 (A): Percentage of clothesmbodiment preference a(#l):
percentage of scales (1 to 5, with 1 is the least and 5 is the most prefe
given to each clothes/underwear proposed

First, we can observe on thgattern where the respondents who chose the most preferred
positions agreedavith the aspect of practicalitytility and accessibility of the device. For
example, they commented that the showdasless likely to dstract the dementia patients as
compared to other positions. Another functional reasasthat, the shouldewas close to

the ears and eyes, if the devigasever designed to incorpordtee audio and visual signals.

In addition, those who chose theistgposition in particular assented that this preferevas
based on the reason that the devieededo be positioned where\itaseasily accessible and

not burdensome for the users (or their caregiver) to reach, put and take offiaShadsan
confarmity with the reasons for their choice to integrate with underwear, wiasthe waist

or abdominal arethatcould give a ready access and comfort to the wearers. That being said,
there were concerns on the problems of (urinary) incontinence in derpatiéats and also

on the possibility of the patients not wiegrthe same type of underwear.
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In this segment, the respondentsre asked if thepgreel for the deviceto be worn by the
users for long hours. This is in order to cope with the constargrusmntinuous practice and

as it is designed to integrate with the clothes. For this particulestiqn, the majority
responses were: 30 rated 5/5 and 30% for 4/5. The promising results in this segment
increasd the feasibility to proceed with the desigconcept of device andnd indication of
conveniencen its wearability. Consequently, the findings of thewearable aspean the
whole needfurther refinementon the design concept before tpkysical and functioning

protaype can be developed.

In terms of environmental setting suitability, the first question asked was to know if the
respondents approdehat the device should hesed mainly in an outdoor environmelttis

shown that the majority agreed with theoposal that théenterventionwasfor the outdoor
wayfindinguse Here, from the scale of 1 to 5 (as 1 reprasgrgtrongly disagree andvias

for strongly agree) 35.7% rated 4/5 and 33.3% rated 5/5. For the outdoor wayfinding, the
respondents also agreed that the proposed navigatiorstaaseshouldhelp to facilitate the

users to: (1) go to the nearest parks, markets, hospitals, etc., (2) use the public transportations,
and (3) socialize with the community. Thus, like other outdoor wayfinding interventions that
serve thosepurposeg228][229][231], the results suggeghat this deice is greatlyuseful to

be operatedwithin theneighbourhoodthey live in.

Furthermore, the respondents were asked if they agree to allow the users to travel/navigate
alone with the device. For this question, 31.0% rated 4/5 (agree) and 28.6%3/ated
(unsure). The following quésen justified this uncertaintyas most of the respondents
recommended that the users should not be allowed to travel alone, too far with any
navigational assistance device, including the one we proposed. Hence, giveopibseg

range of allowed travel distances, the highest percentage (3adgiee€d withthe distance of

less than 1km. Whilst, 26.2% chose the range of 2 to 4 km, 23.8% preferred 5 to 6 km, and
none of them chose the longer distance abokmn.7igure 4.9illustrates this distribution of

percentages.

The qualitative analysis evidently clarified the observed data. One of thesblgegtations
learned from theic o mment s were due to their concerns
being in an open spaadone without any supervision. In addition to this, many of them

suggested to use the device for tracking the users and their whereabouts in order to ensure

113



their safety, as well as to mitigate the risks. The secondary concern corexsgond
sanctioningthe users to travefurther unaccompanied outdoowhich was much more
demandingaswhencompared to the indoorOnce againthisrecounédto their diiety over
the safety matters.

Allowed travel

distance
M Less than 1 km
H2-4km
m5-6km
m7-8km
m9-10km
m Others

Figure 4.9: The percentage distance allowed for the usetrsave|

alone with the device

Notwithstanding, there was also an agreement to not seeefison why this intervention

could not be applied for the outdoor wayfinding. This is because people with dementia would
not need too much assistance finding their ways in a closed space because their wandering
behaviouris more apparent when they are tile open space or outdoor environment.
Furthermore, the respondents acknowledged their judgement is also based on the availability

of the existing wayfinding assistance intended for indoor use.

On that accountbased on both quantitative and qualitatanalyseswe maysum upthis
segment that the proposed intervention is recommended tiaetd@ttempted in an indoor
environmentfirst. Then if the complications or arising matters have been checked or
appraised and exemplified, the applicatiorpig o test inthe outdoor environment, while
gradually increasingthe allowed travel distances. Likewise, if it is used for an outdoor
wayfinding, the navigation system should assiem to be able taccess within the
neighbairrhood they live in and involvekeir daily routines/activities.

From the usability viewpoint, the respondents were firstly required to rate whether or not the
devicewould bebeneficial to the target users (again 1 represents very unhelpful, Svhile
means very helpful). Most of thel6 @ . 3 %) rated the devidcditse as
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usefulness to help dementia patient in wayfinding. In the next question (Question 2), they
were asked if they prefexd the navigational assistance to be a stalotie device. Stand

alone here meartke device works on its own without the integration of another device, such
as mobile phone or any electronic devices. For this, the majority (45.2%) approved the

concept of standlone device.

However, when they were asked (Question 3) if additionaufea such as visual and
auditory instructions were needed, 42.9% were unsure of this, and 33.3%epr¢fier
additional features. The following question rectified this divergemcen they weragiven

the choices of additional modalities: (1) speech uasion, (2) visual instruction, and (3)

both speech and visual instructions. Hetbey unanimously acceded that the essential
additional features to the device are: speech instructions (40.5%) and both speech and visual
instructions (also 40.5%)Figure4.10 (A) below visualizes the contradiction by the scored
given to the questions askeelatingto the device being staradore or integration, while

Figure 4.1Q(B) shows the preferred additional features to the design concept.

The following question iguired was if the deviceaseasy to learn/use by the persons with
dementi a. Here they highest percentage (54. 8
second highest (31.0%) &mroastthefidal quéstiodwhicld t  k n o
was about their opinion on the practicality of the prosed concept, the first and second highest
percentagesvereshown in the higher scales: 45.2% rated 4/5 and 31.0% rated 5/5. This is
indeed a positive feedback where it means the respondentseattimat the prosed design is

pragmatic and can be realized for actual use.

The comments given in this segment revealed the justification for these collected data. The
rationalization can be categorized into (1) those who support the integration with additional
features and (2) those who against it or preferred the device to work ésrisiandalone)

The studynoticed a pattern in those supporting the integration wheveagon the basis of
tracking or monitoring, aside from the reason that the users diggegard the haptic signals
given during wayfinding. Here, as most of them suggested assimilating this device with the
mobile phone,and the reason being was allow their caregivers (spouses or family

members}o operate the device wh the users weteavelling alone.
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Additional Features
m Speech instruction

M Visual instruction

= Both speech and
visual

Figure 4.10: (A): Scales by percentages givto Question 2 and Questi
3 and(B): Percentage of preferred additional features to the devic

In addition, many of them who agreed to integrate the additional features preferred the audio
related interfaces, i.e. voice command and sound cues. This is because they presumed that the
audio instrudbn is a common feature in thexisting GPS navigation systesn hencethe

users are probablyamiliar with this interface Furthemorg the integration with audio
instruction is less complex and will allow the users to keep the visual senses clear on the

road.

Contrarily, the respondents who ratified the device to be autonomous were bater on
pretextthat by having more featuremight cause more confusion to the users. This also
meantthat the systerwould be more complicated, thus makimglifficult for the users tose
the device. Additionally, persons with dementia who were already grippingheittifficulty

to follow simple instructionsvould be overwhelmed bthe overabundance of technolodgy.
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the end,they would losethe interest to learn o the system works. The comparable
preceded defense was also used by some wiers against the integration with audio
instruction. They pointed out the suspicion on the reactions by the dementia patients towards
the bodiless voice. Even by usiadgamiliar voice, it might eventually trigger thenaumatic

episode®rissue andthat should be avoided the most for these individuals.

The final segment othis survey wag he & Gener al Concept 0, i nt er
respondents perceigi¢he desigmproposalas a whole. The segment consistéthree simple

but pertinentquestions, to evaluate their general perception, as well as to conclude the
survey. The first question was to identify if thexere convinced of the usefulness of the

device in assigtg the wayfinding of dementia patientSecondly,if they agred that the

proposed design could at leastarealternative for the existing navigan systemsWhile the

last oneinquiredif the device could encourage the users to mairgdiealthy lifesyle. The
feedbacksobtained were as follow:the majority (81%) rated 4/5 for the first question,

highest percentage of 45.2% scored 4/5 for the second question, while 59.5% and 26.2%
rated 4/5 and 5/5 accordingly for the third questidns is shown irFigure 4.11that displays

these distributionsf scales by their percentages.

Respondents
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 Question 1
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Question 3
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1 2 3 4 5

Figure4l1ll: Scal es by percentages gi Vve
Conceptd segment .

There were many recommendations and constructive remarks left by the respondents for this
last segment and for the whole design concept. whssignified by the higher scales given
to the question, while at the same timelicating their encouraging support towards this

project. One of the expected suggestim® provide familiarization training in accordance
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to the introduction of this intervention, since satgother than visual and audio are quite
unusual even for the normal users. In addition to this, choosing the appropriate positions to

receive the haptic signals will determine the success optbEosedtoncept.

Many of them also agreed that thisidaesconcept goes conjointly with the current navigation
systems which are already familiar to most people. Hamgedesign concept that is not too
complex and provides compatible feasllike the existing ones can boost the confidence of
people with demantia to use and helm their wayfinding. Nevertheless, some of the
respondents also suggesthat this intervention could be appreciated more by those who
were not in the severe stages of demeniibe studycannottotally deny this assumption
since therespondentsre apparently those who have the exact experience dealing with the
dementiapatients. Hencethey probably understand theehaviouraland physiological
barriers of these individuals more than anyone else. Therefore, it is important to smihect
indications shown by the target users ugimgffirst prototype of this device. This is exactly

the main goal for the next phase of this design project.

4.5.3 Discussion

The survey revealed the promising results for the evaluation of the design prajscnitial
stage.The studywould like to highlight again a few significant findings from this survey, as

the feedbacks gathered are used to improve the design concept before it can be forwarded to
the next phase. Once again, although none of the rdeptsnare the actual dementia
patients theyare those who know best and deal directly with our potential users. Due to this

reason, their feedbacks are undoubtediyableandhelpful inthis survey.

First and foremost are theombinationaspects ofacceptability and practicality in  the
proposed concept for the individuals with dementia. As thoroughly described in Chapter
Three, the implementation of new (technological) intervention in particular for dementia
patients should consider both their digiies and remaining abilities. Even if assistive
technology is a promising tool to facilitate and ease their daily tasks/activities management
[282] [283], it should be properly introduced and primarily exposetthéotarget usersThis

could be done by designing trechnological application to be not overly unusual and at least
has the comparable characteristic with their everyday technologies/git8tsn terms of

physical looks, features or interfaces.
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Moreover, to gain the interest of the persons with dementia in using the technology, the
proposed design should critically minimize their struggle to lgathwill at the end result in

keeping their interest to continuously using gr@posedtechnology. This explained the
positive feedbacks and perceptions of the respondents towards the proposed concept, as they
acceptedhe straightforward feature ofdhdevice and ivaseasy to be comprehended by the

target users. The use of simple interfaces of one technology is also advocated by the
respondents when many of them approved the concept of-atamel device without any

other additional incorporation (sl as visual and auditory interactions). Having too many
featuresor interactions augment the complexity of one device, which leads to adding more
fuss and turmoito the patients. The situation is even worse for those who already manifest

the difficultiesto perceive even the simplest instructmriask.

The qualitative analysis also suggests that unless the issues of familiarity and training can be
resolved, the proposed concept can be successfully implemented. This is due to the fact that
we proposedan uncommon navigational modality, not through visual and hearing, but
through the sense of touch. Thus, it is recommended thigelmanual in a simple lay
language isprovided to the caregivers and therapists, who will get familiarized with the

devicesystembefore they can train the real users.

Another crucial point to be underlined here is the comfort of the device. This is in agreement
with the wearability and also usability aspects. Firstly, comfort is certainly an important
substance to be weighethd maintained in dementia patief&37], especially for the
wearables. From the survey, we found many statements from the feedbacks that put forward
this consideration. @ of the related suggestions wasselect the suitable materials to be
used for the wearable device. This is again sujdot the appropriateness of long hours of

use, as well as of different environmental and contextual climates.

This suggestion waalso supported by the importance to choose the suitable position to
embed the buiin haptic stimuli in the device. The placement should best fit its function,
while not hindeing their mobility. Here, comfortability and unobtrushessare the key
criteria to beconsidered, t@avoid the postimplementation issues faced by the users, possibly
due to the skin sensitivity and differential climate conditions. Secondly, giving a discreet look
to the design is definitely befitting because fiteo noticeablé device may cause other

discomfort issue to the users. Thalidates the suggestiomadeby Rosenberg 2017288]
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on how to engage the use of technology in person with disabilltiésnot to stigmatize the

users with the technologgnd making it less obvious is higidgmmendable

In addition to the abovementioned findings, although many have agreed to implement the
intervention in an outdoor environment, the
not be neglected. Th&angible and intangible elements (traffics, buildings, landscapes,
geographies and soundscapes) I n an open spa
[217]. Their concern upon this ritar answered the reluctance of some respondents to allow
persons with dementia to travel unattended, and too far with the device. This could possibly

be the reason for them to recommend that the proposed device should be dedicated mostly to

the early dematia patients.

The level of consciousness and cognitive ability in dementia patients are decreased as the
disease progressE9][17]. To boot ther spatial disorientation and the ability to navigate

also worsens simultaneoudl}28][305]. Targeting on those in earlier stages is appropriate
because it is doubtful that the severe dementia patients are able to perceive the haptic stimuli
as forms of wayfinding signals. Anyhow, akethis suggestion on its bright sidedause it
obviously goes along with one of the main research objectiviesprovide a navigational
assistance to the AD patients whaveyet to beinstitutionalized.The advantages are for

those who are stillving at home in the early to moderategeaf the disead806].

Thereweremany important points raised from the analysis of the corresponding quantitative
and qualitative da, and ve managed to gather the valuable results of assessment from this
survey, even without (1) getting the feedbacks by the real users, and (2) having a physical
mockup device. This preliminary assessment is indeed a vital phase in the design and
development process of our proposed design project. In general, it booststivatiomoto

go further with this concept. But then again, as the biggest part in the standards of UCD
principle, the involvement of actual users is the key criteria. Therefore, the next stage of the
research is to develop the functioning prototype of thesice in accordance tall the
discussed considerations, critical aspects and issues, before it can be @ppeised by

the real users. In fact, the next chapter is devoted specifically for this purpose, where it
presents the development procetshe prototype andubsequentlyhe conducted usability

testing using this prototype as an apparatus.
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5 Prototyping for Usability Testing

5.1 Prototype Development

In a nutshell, theleviceprototypethat has beedevelopedntegraes tactile displays instead

of the conventional graph&nd audianterfaces. Unlike the existing navigation devices that
require the users to read a map display and listen to speech instruction, this device uses haptic
stimuli as the signals. As formerlyighlighted, besides the practicality of handling and
operating, the device is also designed to be wearablindatesignated users since it may
support the capabilities of the wearers while preserving personal privacy and functioning over
a wide range osituations and contex{307]. Even so, the wearable device may also lead to
other issues mainly in the sense of comfort and usability to the wearers if it is designed

without taking into account thgiew oft h e Uimitatiors @nd remaining capabilities
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[308]. This is where the working prototype for the Usability Testing (UT) is highly essential

in order to substantiate tipeoposediesign concept.

The device prototype is partly fabricated during the attachment period at Polifactory, a
designatedmakerspace withthe joint of three departments of Politecnico di Milano: (1)
Design, (2) Mechanical, and Electronics, Information and (3) Bioengineering. The aim of this
attachment is primarily to develop the functioning prototype ready for the testinig, wh
exchanging knowledge and experiences during the prototype development process. This
makerspace provides most of the facilities, equipment, tools and assistance needed to build
the prototype. Hence, there were two phases of the activities during dohna¢int or

prototype development in particular, as shown in Table 5.1 below.

Table 5.1: The proposed activities for the prototype development

FIRST PHASE

i Understand the tools/equipment provided Identify the tools or equipment provided (Rap
Prototyping machine, workbench for electronic and physical computing, cutting tools, etc) nee
develop the prototype.

ii. Discussions on modifications and improvements of the conceptual desigdnderstand if the
elemats (in the design concept) are necessary to address the key question of research and
testing.

iii. Refine the conceptual designildentify the functionality, interaction of parts and whether
clinical problem can be solved with the design.

iv. Finalize the system architecture: Identify all the necessary hardware/software (materi
electronic pars and physical computing) needed

V. Identify participants for the prototype development: Machinery and model making technicia
and electronics and physical mputing technicians) to be involved in prototype development.
SECOND PHASE
i Build the model: Fabricate the prototype based on the drafted system architecture.

ii. Run (preliminary) prototype testing: Identify and imitate the test scenarios for the realigst
later.

iii. Finalize the model:Modify and improve the mode by refining the prototype and add or replace
necessary elements.

iv. Prototype is ready for the actual testing on target subjects

In the conceptual design presented in thevious chapter, th study emphasized thtte

devi ceds s i mpasdrutial ® dvoid distraztio a coafusion to the individuals
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with cognitive impairment thatould lead to directional errof262]. Due to this, the device
provides the simplest possible information of navigational instructvamsh is to turn left or

rightin the course of navigation

Notwithstanding, an uncomplicated interface is not necesdauily from an uncertain and
fragile hardware system. In fact, it required the sinrmaterials selections éasks and went
through the equivalent phases of prototyping to build any device. For instance, the selections
of electronical cmponents and algthms design camebefore the assemblyof this
prototype. The wholalevelopmentprocesss that mainly include the system design and
model making ar@resented in the next sections. The chapter is then delibéuatieer on

the first conducted UTising thedeveloped prototype. Results, analysis and discussion from

this test arelocumented next.

5.1.1 System Architecture and Algorithm

The electronical components or hardware used to build the prototype coofais@rduino

Uno microcontroller, a GPS receiverRS Bee kit with embedded antenna), a Micro Secure

Digital (SD) card and its shield, achannel 5V Relay Module, two 9V batteries, and mini

vi bration motors. The sel ect i onisimdccortiaaced war e
with the limited resourcesas well as sincthe prototype is meant primarily as an apparatus

of the experiment. More sophisticated and advance electronic components in téngis of
capacities, sizes, appropriatenests, will probably be used ithe further development and

commercialization purposes.

The prototype system csists of:(1) the input that made of the sensor, (2) the process, and

(3) the output which is the tactile display. These three parts were formulated using the above
mentioned hardware amtogrammedisingArduino software to become a corafg working

prototype. Figure 5.1lustrates the systn architecture of the devicB.ui | di ng t he de
system was not an easy undertaking, since the algorithms and coding should be properly
assigned, antbecause iinvolved countless debugging tasks to get the systsrking as

envisioned. Thus, there were several steps taken in developing the sgspeesented in

Table 5.2
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INPUT : OuTPUT

| ACTUATOR/
II’ PROCESS | || el orsh

GPS receiver Microcontroller, Tactile Display
SD Card Module

Figure 5.1: System architecture tiie wearable navigation device with tactile dis

Technically, the GPS receiver ( s e 8 waatior) i s
information is saved int@ SD card. These data are then processed and decoded by the
Arduino microcontroller. This microcontrolleoperatesas to allow thecommunication
between the iput data from the sensor and to conth@ tactile displayThe tactile display

works by indicating the directional signals when necesgange the algorithm framework

has been structured, the actual values of the location information from the GPS data can be
assigned into the builb system. As described inalile 5.1 the specific information needed
arethe longitude and latituds, and these values represent the coordinates or orientation of
the checkpoints. Meanwhile, these series of checkpoints create the ewretaplified in

Figure 5.) that one has to falv during the navigation. Then again, all of these data should

be saved into the SD card in advance befloeausers can navigate with the device.

Table 5.2: Stepby-Step of the Algorithm Design Development

1 Obtain the real-time location information with GPS receiver
INPUT PROCESS OUTPUT

GPS Receiver Microcontroller NMEA Messages (on Serial
Monitor of Arduinoprogrammg
2 Include LED to notify when receiving GPS data

INPUT PROCESS OUTPUT
GPS Receive Microcontroller (Blinking) Red LED

3 Log the GPS data into the SD card and add another LED when data is logging

INPUT PROCESS OUTPUT
GPS Receiver Microcontroller (Blinking) Red LED +
NMEA Messages + (Blinking) Green LED

SD Card Shield + SD Card

4 Modify the logged data and save only the specific ones as CSV or txt file
INPUT PROCESS OUTPUT
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The obtained (raw) GPS data:

The modified data:

320 325 322 $GPRMC 165103 A 4530.3979 N 909.8

E 0 246.83 261015 A*6D 1
227 239 246 $GPRMC 165104 4530.3981 N 909.887] 2

E 0 255.30 261015 A*6D

5 Read the saved data in the SD Card

Longitude Latitude
4530.3979 909.8869
4530.3981 909.8871

INPUT PROCESS OUTPUT
Save data: Serial Print (as displayed in Serial Manit:
N Longitude Latitude 45303979
1 4530.3979 909.8869 9098869
2 4530.3981 909.8871 45303981
9098871
6Reca|| the dat a
X (Longitude) Y (Latitude) C.X cy
45303979 9098869 4530.3979 90.98869
4530398 9098871 4530.3981 90.98871

7 Create an interface to bridge and compare between redgime GPS information

and the saved data
Saved Location ta
X; 45303979 Y; 9098869
X, 45303981 Y, 9098871

Reattime Location Data
X; 45303979 Y; 9098869
X, 45303981 Y, 9098871

8 Include another LED to notify when being in thesaved positions

PROCESS

OUTPUT

Algorithm Structure

(Blinking) Blue LED
(only to indicate if the system works
and for debugging purpose)

9 Build and add the actual output (tactile display) and clarify when to trigger

INPUT

PROCESS

OUTPUT

Algorithm Structure

(Blinking) Blue LED +
(Vibrating) Vibration Motors,
when users are at the saved
positions

10 Test the system, debug and refine

Algorithm Structure——> Debug——>Test ——> Debug + Finalize

Complete Device System

Figure 5.2shows the example of a route that consists of several checkpoints, which represent
the primarily saved data. From the figure, to go frameakpoint A (the starig point) to
checkpoint F (the finighg point), a user needs to follow the route gadseshrough all the

other checkpoints (B, C, D and E). These checkpoints are apparently the junctions, where the
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user needto take the turmgs. For example, from checkpoint A to checkpoint C, user walks

pass the checkpoint B and here is where he/she needs to make the turn.

Figure 5.2: A saved route that consists of several checkpoints

At the checkpoint B, there are five coordinates that represent she ariénwtion. Wherhe
userreachesBl1, the navigation signal is initiated to direct him/her into the correct turn
which in this case, tturn left. However, in the event of missing the signal®dre precise
missing the B1 coordinate, there are three other coordinates thaglpato redirect the user.
B4 represents reverse and B2 represents to go forward from poinei@e, while B3 is to
turn right.Although for this prototypé¢he signals given to the users are only to turn left/right,
the supplementary coordinatessfeally the forward and reverse) are important for the

rerouting and debugging purposes.

Sequentially, to go frm checkpoint C to checkpoint &d finally reaching the destination at

checkpoint F, the same coordinating scheme is applied. As previouslyoneel) each
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in Figure 5.2s representeth Table 5.3elow.

Table 5.3: Location information data for each checkpointtie route shown in Figure 5.1

Checkpoints

Coordinates A B C D E F
X:550577152 | X:550530624 | X:550472640 | X:55036539 | X:55032468 | X:55020177
0 (Center) Y:916458688 | Y:916475232 | Y:916398208 | Y:91625007 | Y:91621342 | Y:91618362
X:550515776 | X:550555008 | X:550423761 | X:55035472 | X:55039843 | X:55029073
1 (Left) Y:916481448 | Y:914393664 | Y:916387623 | Y:91626539 | Y:91626366 | Y:91610177
X:550590912 | X:550576768 | X:550443765 | X:55034365 | X:55039873 | X:55026542
2 (Forward) Y:916462016 | Y:916371168 | Y:916385395 | Y:91620912 | Y:91629822 | Y:91613487
X:550581760 | X:550576595 | X:550454208 | X:55035481 | X:55037599 | X:55029244
3 (Right) Y:916480512 | Y:916357697 | Y:916353785 | Y:91621357 | Y:91629472 | Y:91614973
X:550563072 | X:550542486 | X:550409135 | X:55030864 | X:55039753 | X:55025712
4 (Reverse)  Y:916452480 | Y:916387609 | Y:916375498 | Y:91629753 | Y:91629426 | Y:91612539

The algorithmstructureis designednot to be read as point (.),

for instances5.0577152,
9.16458688dike the normal GPS coordinate, and the decimal poiptasentedip to 7 or 8

decimal pointsn order to increase the accuracy. Additionally, the file format that can be read

from the SD card by the computimgogrammeused is Comma Separat®dlue (CSV) or

text file (txt). For that reason, the saved data only consist of numbers for each longitude and

latitude of each coordinat&ince the system structural design is now accomplished, the

physical component/hardware and exterior can be incatgaand accumulatetbgether as

one complete devicprototype The following section discloses profoundly the construction

of theprototypemodel, before it can be used for the test with actual users.

5.2 Model Making

From the previously conducted prelimny assessment that concentrated mainly on the

design concept of the device, there were two most preferred positions for the tactile display:

(1) waist and (2) shoulder. Both of these positions scored the equal highest percentages of

preferences by the nesndents. Thus, since the prototype is used as the apparatus for the
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usabilitytest, investigation on the suitability of these two positions using a working prototype

is distinctly equitable.

The device prototype is created as two separate parts; (tHctile display and (2) the other

built-i n systembs har dwar e. I't is deliberately f
display to be adjusted for the aforementioned positions. The complete prototype created as

two parts is illustrated in Fige 5.3.The wearable feature is adopted from the conventional
backpack and bodydnmness. As shown inthisfigyre t he hard case that cc

hardware is connected to the adjustable and buckled strap.

The tactile display

The hard case

Figure 5.3: The complete prototype of thveearable navigation device

The tactile display is ade of multiple mini vibration motors embedded onto the fabric to
create the haptic stimuli for the directional signals. The frequencies of the vibrators change
with voltages that work from 2V to 5V. The prototype runs with the constant 3V power
supply tha gives the frequency of 220HZ-urthermorethe vibrators need to be embedded
into the tactile display according to the tactile sewity of body parts. e twopoint
discrimination threshold (TPDT) measure is usually used to specify the densitadfla t
display according to where it is placed on the body ja@8]. TPDT representthe distance
betweenwhere thetwo pressure points should be, so that these two nearby objects touching
the skin are peroeed as truly two distinct pointgndnot only one[310] [311]. Figure 5.4

illustrates the TPDT for different areas of human body.
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Figure 5.4: Thetwo-point discrimination threshold (TPDT) for different areas
human body, aftg09].

From the abovefigure, both of the proposed positiowaist and shoulderpr the device
prototype have the similar mean threshold, which is between 35 to 45mm. For our prototype
therefore, we arranged the mini vibration motors to each with the distance of 40mm (the
averagenf 35 to 45mm). The back of the tactile display has the embedded Velcro straps used
to secure its positiongccordingly The vibrations from these vibration motors generate the
haptic stimuli for the tactile display that are intended as the directionsisay®als during

navigation Figure 5.5shows the arrangement of the embedded vibration motors in the tactile

display.

During the navigation test and the actual use, the wearers should feel comfortable wearing the
device, and more importantly they sholld able to sense the haptic stimuli. For that, the
tactile display needs to be placed appropriately where it needs to be, in this case d¢itber on
shoulder or waistThe device prototype when & being used in both positions is visualized

in Figure 5.6 In our experiment, the test subjects were required to wear the device as shown

in this figure, exclusively during the navigation tests.
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Figure 5.5: The tactile display, Rear (Left) and Plan (Right) Views
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Figure56: The positioning of the devi
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Now that the complete device prototype has been achieved, the assessnienecantually
performed. This assessment namely Usability Testing (UT) is apparently an important and
established method typically conducted as a part of the product design and development
process. Certainly, it is one of the most used strategies iin#iestage of the design cycle
according to the UCD principli293]. Therefore, beforghis studypresent this assessment
using the developed prototype, it is appropriate to discuss on UT, in line with its principle,

criteria and limitations.

5.3 Usalbility Testing (UT)

In this study, the design project foutates the tool for assessing the fundamental hypotheses

and questions raised in the prior chapters. The proposed project in its initial stage has been
preliminary assessed before the development of the functioning prototype. However, the
main attention othis preliminary assessmeston t he studyods thteoretic
this, the design projedtill needed to be quantifiably evaluated, so that the hypotheses and

guestions raised can be thoroughly justified.

Besides, since the preliminary assessat conducted before the functioning prototype was
ready, it did not involve the actual users or the specific population of the planned
intervention. For that reas, the next assessment whichaiso the main evaluation of the
proposed project is the Hlsility Testing (UT). UT is an essential aspectuskrcentred
approach that puts the usat the centreof the development procefXl2]. Besides, adopting

such an approach advocates that the users shotddeth@nt in any design decision

Concisely this form of assessment is often used to label the method, procedure or strategy
used to evaluate a produar system. To be precise, the term UT itself refers to a process that
employs people as testing participants who represent the target audience/population to
evaluate the degree to which a product meets specific usability cri8tg]. While

according to 1SO 92411: Guidance o Usability (1998)314], AUsability 1is
which a product can be used by specified users t@aelspecified goals with effectiveness,
efficiency and satisfaction n a s peci f i eAd remoided byeDxmas andl Redishe . 0
[315],thea ms of UT are to: (1) i mprove the produ

testing, (3) give the users real tasks to accomplish, (4) enable testers to observe and record the
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actions of the participants, and (5) enable testers to analyze theldataed and make

changes accordingly.

Consequently, the motive behind the selection of this methadsafssmentor the proposed
project is because the main goal of UT itself, which is to identify any usability problems,
collect quantitative data onagicipants’' performancf816]. This specific test is typically

used to enhance the usability of the prodbet is being tested, apart of it could probably
improve the product design development process by means of reducing the reiterative
problems or issuel815]. Similarly essential, UT should be properly executed in agreement

with its criteria and limitations.

5.3.1 Criteria and Limitations

There are several criteria t@ Iproperly deliberated for an assessment to be called UT. And
yet, there can be diverse settings and strategies to conduct tf817#$815]. Nevertheless,

many reported guidelines on how to conduct this test typically have these common
characteristis: (1) objective of the assessment, (2) participants who represent the real target
users and perform the actual task, and (3) observe, record and analyze the data to identify the
real problems and propose suggestion tgestihem.Furthermore, in almostvery proposed

project, there are always some issues and restrictions that may challenge the data gathering
for its assessment. Ftris study, the main challenge to conduct the UT is the recruitment of

the test subjects whepresent the primary stakehaldé the proposed intervention.

The participants enlisted for this test are older adults with cognitive impairment mainly due to
dementia. The frst issue related to the recruitment is to gather enough number of
participants.This studycould not find asingle subject without the appropriate connection
with the selected nursing homes, theraggntres or the hospitals. Althouglihaving
prospective connections, not all of these institutions gave the anticipated collaborations,
probably due to the uncertainbn the proposed project. Too often, this dowbs due to

what individuals with this specific disability would normally respond to the new form of
technological intervention. While thisasthe case, the assessmeasdefinitely essential to

be conducteavith the real users because the intervention is exclusively designed for these

individuals andeventuallywill benefit themin return
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Equally important, the number of participants for a test to be recognized as UT is not firmly
defined. According t¢315], a UT should comprise of at least two oreth subjects in order

to avoidseeing the distinctivdbehaviours But, Rubin 2009313] suggest to test at least four

to five participants, so that the massive majority of usability problems mayweeled. Then
again, they suggest recruiting at least eight participants, if pgsgibleel comfortable by
means of reducing the chance to overlook a significant problem that could negatively affects

the findings.

For this assessment however, thaltolumber of participants whaoould partake in the test
greatly depengdd on the number of available dementia patients from the institution we
collaborated with. In fact, the recruitment was determined from the discussion with the
responsible persons frorhe institutions (manager, therapist or the clinical sta¥fsjh the
comprehension of principles, as well as the reflections of criteriaimitdtions of UT, the
subsequent subdivisions report on every detail of the test subjects, procedures, retarded d

and finally the findings.

5.3.2 Preparation of the Test

As preceded, the test was conducted on subjects with dementia who reprdsermctual

users of the proposed intervention. Therefore, the main aim of this assessment is to
investigate how the subjecperceive haptiteedback as a modality of navigation by using

the working prototype as the apparatus. Then again, before conducting the test, two
substantial decisions were primarily made: (1) the selections of the participants, and (2) the
methods tdest the device prototype, which is explained in the experimental procedure.

The experiment was conducted with the collaboration of Fondazione di Manuli, a dementia
therapycentrein Milan, Italy. In fact, all the subjects involved in this experimentnakdthe

therapy sessianhere Also, the experiment was conducted with the supervision of the
Ssubjectsb6b caregivers, t cantre Tagevaluttisnsveredividet a f f s
into three phases: (1) orientation or training, (2) navigatish daad (3) the following test.
However, between Phase 2 and Phase 3, there was another assessment carriedwas which
the Subjective Asessment. Figure 5b&low illustrags these phases of assessmEotbe

more organized, the preparations of testda®cribed through these main sections:

1. Test apparatus,

133

(



2. Settings of the navigation tests, and

3. Demographics of participants

Subjective
PHASE 1 PHASE 2 Assessment PHASE 3

Orientation/ Navigation Fol.lowi'ng
Training Test Navigation
Test

Figure 5.7: Phases of the pildéest

The chapter then reports on the experimental procedures of each phase, and follows by the
presentation of data colléan and analysis, results and discussion.

5.3.3 Apparatus

In this testthe studyused the developed prototype of wearable hdpgdback navigation
device as the apparatus. The device system is designed to be used in a fully outdoor
environment, where theRS receiver functions at its best. However, due to some limitations,
the navigation tests could only be perform@dshort routesor limited rangs. As a result,

some alterationsvere maddbecause the prototyplid not have sufficient high accuracy of

the GPS system to be functioning in a short navigation route.

The issues normally faced when working with GPS system is the insufficient accuracy of
GPS receiver. This is mainly due to the noises of GPS data that depends on the position of the
satellites vigbility, characteristics of the surroundings, and even wedBE8][319]. The

modi fi cati on of ishebhdedn drdevtd averédme tleyssueseemerged, as

long as the altered system supports its main functionality as the appdriuesess.

In the altered system, a Bluetooth serial module is used to connect between the
microcontroller and a mobile phone. The series of vibrator motors from the tactile display are
activated with the on/off switch in an Anddomobile application Figure 5.8shows the
mobile application created and used to trigger the haptic feedback during the navigation test
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Wearable Haptic-Feedback
Navigation Device

LEFT RIGHT

BOTH *RESET*

Figure 5.8: The interface of mobile application creat
to active the haptifeedback

The mobile aplication has a simple interface:he OLEFT®6 button i s us
tactile display worn on theflet s i d e, and ORI GHT® for the ric¢
or shoul der position. OBOTHS®S i s used t o a
simultaneously, indicating users have reache

button is usé to restart the system if the device amters the malfunction issues, for
example when th8luetooth serial modultosesthe connection betweenetdevice and the
mobile phoneThe designed interface is controlled by one of the experimeoteadi thetest
sessionand inall the test routes. The selection of navigation routes is reported in the next

subsection.

5.3.4 Test Settings

The experiment started with the orientation or training phase to get the subjects familiarized
with the device system and expmental procedures. This specific phase of assessment did
not require a large space. Hence, it was instigated in the common area of the ¢eatspy
where the patients perfoed their activities or therapy sess®nNonetheless, since the
navigation ést could be difficult for the elderly with dementibe studyneeded to identify

the appropriate subjects. Likewise, subjects were required to wear the device during the

actual navigation test$his justified the necessitied the orientation phase.
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Consequently, only the subjects who succeddetthis orientation or familiarization phase
andalso those with the permission of their family members were allowed to proxésel

next phase (assessment of the navigation ability). The selection of amagtets difficulties

were based on the accessibility and appropriateness of the settings to the subjects. Thus, for
the first navigation test, two routes with same difficulty (same number of turns and distance)
level were created as shown in Figure 5T%he length of each of these routess

approximately 30@netres

Route  From Point A to Point B Route 2 From Point B to Point A
.‘.-:."'5? P';.-‘r A et el 1N a é’* P-n.im A
. 4 o
& é
'3},': '5\
"'-_ *e \E’-{T"' N '-‘ §

Figure 5.9: The navigation routes with same difficultly level

After this second phase was completed, the experiment continued with the third phase, which
wasthe subsequent (navigational) test. The aim for this third phase was to ineeiftigare

was an improvement of the navigation performance as compared to the previous one.
Hypothetically, as they tried to navigate with the device before, they shwulable to

perform bettein thefollowing test.Here, the effect of familiarizatioim the form of training

or constant practice wagvestigated As mentioned in the previous chapter, practicing a task

(for example, the navigation task) on regular basis is an example of implicit memories. Also,
implicit recollection for hapticalhexplared objects is preserved especially in the early stages

of dementia[203]. Thus, the following navigational test maystify the hypothesi that a
continuous practice may result i n positive

The route for théollowing test is shown in Figure 5.10.
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ey, B

Figure 5.10: The route for the following test

In total, the distance a subject had to travel for the following test was around 600 to 700
metres, which was almost doubled from the previous rouasilarly, the number of turns

had also beemcreasedfrom five to ten turns her&he whole experimnt took place at the
mentioned therapycentre and the neighbouringarea. But, due to the availability and
restrictions of participants and timplus the unpredictable weather conditiortee study
managed toexecuteone test each dayjamely, three testsa week. Thus, the whole

experiment took approximately a month and half tadrapleted.

5.3.5 Demographics of participants

The participants recruited for the tests went to the thecamyreonly on the days their
therapy sessions were scheduled. These sabext randomly picked for the first phase (the
orientation/training) since they were only allowed to participate after the therapy session
finished. Their seveties of cognitive impairment wereated using thecognitivebased
ratings of Mini Mental Stat&Score (MMSE)[320] . The MMSE scores ranged from the

minimum of 17 and maximum of 27, with average of 20.8.

The dataof MMSE scoresprovided by the therapgentrewere recorded when they first
started theprogramme there. Opnlone of them didnot have the recorded datd this
cognitivebased ratingas she had just recently joined the therapy session tNerst of the

subjects went to theentrewith their spouses, other family members or the hired personal
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nursesOnce age, only one of them with the highest MMSE score of 27 went to the therapy
centreby himself. Nevertheless, those wi@re recruited for the tests weable to walk

properlywith no serious mobility issuesyenif some of them use the canes.

In total, €n subjectparticipatedn the first phase. Subjects ranged in age from 74 to 8lyears

old, with the average age being 7&&ars old Among these subjects, three of themere

male. From the total of ten subjects, six of them participatethe second pisa (the
navigation test). Consequently, for the third phase (the following test), only shibgects

were recruitedThiswasd ue t o subjectsdé availability, ti
their caregiversFor easier descriptiorthe subjects are identified by their numbers, as

shown in the Table 5.4 below.

Table 5.4: The route for the following test

Subjects Age Gender MMSE Score MMSE Test Date
1 16/04/2015
2 76 Female 21 17/10/2013
3 76 Male 27 02/07/2015
4 81 Male 21 05/11/2013
5 78 Male 21 02/04/2015
6 80 Female 20 17/07/2014
7 86 Female 23 29/10/2015
8 80 Female 17 03/07/2014
9 78 Female 20 16/01/2014
10 74 Female - 19/03/2015

5.4 Experimental Procedures

The assessmentifthe orientation/training phase (Phase 1) was conducted on the first day of

the test and it was piloted after all the subjects finished their therapy sessions. This phase was
divided into three sessions:

1. First, experimenters put on the wearable deviteon t he subj ectsd body

display on both positions), arldeir reaction or acceptance welgserve.

2. Then only if the subjects reacted well to this wearable device, wayd be asked if

theycouldfeel the haptic signals on both waist ambulder positions.
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3. Finally, they were asked to take a short walk inside the provided space and indicate
which sides of the tactile display they felt by raising or waving hands or tapping on the

bodypositions.

The second phase initiated after the sciisj@vere carefully selected from the first phase. The
selection was made bas esihthe first phhse, amdasdegcigedt s 6 p
after a comprehensive discussion between the experimenters, therapists and also the
caregivers. The subjects menot encouraged to travel independently, hence for these
navigation tests they travelled in the designated routes with the assistance of their caregivers
(or staffs from the therapgentrg. Before starting the navigation test (Phase 2), both subjects
ard their caregivers (or those wloould assist them) wergiven explanatiorabout the test
procedures. The caregiversneanot aware of these routes sinicey should nobe involved

in the decision making of the turns.

Then again, one important data te tecorded before starting the navigation test was the
walking speed of each subject. The recorded walking speedsvwoug) be compared with
the walking speed while navigating with the device. Mnisld provide comparative data to
showthe effectivemesswhen using the technology whiealking. During the test, they were
required to make the left/right turns at the junctions accordingly, whenever they femse
haptic stimuli from the deviceén both routes 1 and 2 (Figure 5.9), there were five turns, eac
and thesdurns were appardéy the actual junctions there, becaubke routes were based on

the real stres close to the therapy centre.

Each subject navigated in both of the routes, but with the different positions of the tactile
display. The testtarted with the first route (from point A to point B), but the starting position

of tactile display was randomly picked. If they started with the shoulder position in the first
route, they continued with the waist position in the second raute vice vesa. In the
navigation test, haptic signals were initiated before subjects reached the junctions, and
stopped after they werin the correct turns. Figure 5.11 shomisen and where the haptic
signals were triggered. For example, to go from point 1 to @Eirdnehad to turn left.
Hence, the vibration (haptic signatspk place with the intervals of 3 seconds and pauses for

2 second within this length.The constant length of Betres was sefor this haptic signal in

every junction. For comparispnthe sbb j ect s 6 w a |Iwkichnwgere sepoededd s ,
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beforehand, were calculated as the travelled distance (oét6s) divided with the time

taken.

Vibration
*1 starts

JUNCTION 54— The length

S ~ Vibration
2 stops

Figure 5.11: Where the haptic signals take gdeduring the navigation test

During the navigation test in each route, experimenters recdlgegerformance of the

subjects withregard to

1) Time taken to make the turns, within the predetermined lengtmefti&s.

2) Numbers of direction errors made, when the subject walked off course or not following
the tactile display, and

3) Time taken to finish the routes or to reach the desidrdgstinations.

Once each subjetiad completed his/heravigation test, experimenters proceeded with the
subjective assessments. This assessment was carried out with the assistance of their
caregivers or the staff of the theraggntre Thiswasbecauset times, the subjects could not
undestand or misinterpreted soréthe quesons. When this happened, the subjects were
helped tounderstandhe questionsn the easiest and simplest sentenoeskeeping to the

same meaningg.he collections of dataf this subjective assessment wprancipally based

onthe following questions

1) If they couldsatisfactorilysense théapticsignak (on the chosen positions),

2) Which position they could sense better and comfortability of the device,

3) The usefulness dhe device, and

4) If continuoususe/practice could improve their performance.

After the second phase was completed, the experiment cahinitiethe third phase which
was the succeeding navigation teSthis test followed the similar procedures as folgner

deliberated, where the subjects needed to navigate in the designated route, but with higher
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complexities. This means that the numbers of turns and distance of the route were extended.
The quantitative data to measure their performance were also recpatatlel to the
previous phase. The recorded documentations from the entire assessment phases were
presented in the results section next, while the overall deliberations on the findings were

discussedtthe end of the chapter.

5.5 Results
The guantitativeand qualitative results of this UT are presented according to the three phases:
(1) Orientation/Training, (2) Navigation Test, and (3) Following Test, plus the mentioned

subjective assessment.

5.5.1 PHASE 1: Orientation/Training

In the first phase, theevalua on was based mainly on the obs
Here, the studyneeded to go through the three sessions in order to select the appropriate
subjects for the navigation test. Thus, these sessiene classifie@s: (Session 1) can they
coqperate with the device wearability, (Session 2) can they feel the haptic signals, and
(Session 3) can they indicate which side of the haptic signals. Results of this

orientation/training pase are presented in the Tablele®w.

From the table, only Syject 7 did notget througheventhe first session out of all the
subjects. Based on the observation, she showed theumasthusiastiattitudein using the

device, probably because she got tired after the therapy session. Whilst, Subject 1 and 5 did
not pass the second session because they could not recognize the haptic stimuli either at one
or both positions (waist and shoulder). Finally in total, seven subjects passed all the sessions.
However, Subject 2 could not proceed with the next phase due ® ethical issues and

health condition. For that, the total subjects recruited for the navigation test was only six.

Table 5.5: Results of the Phase 1

Subjects Session 1 Session 2 Session 3
2 \Y \Y \Y
3 \Y \Y \Y
4 \Y \Y \Y
5 Y
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6 \% \% \%
7 -

8 \Y \Y, \Y,
9 \Y \Y, \Y,
10 \Y \Y, \Y,

5.5.2 PHASE 2: Navigation Test

In the navigation test, the comparison was made on the recorded control time (and walking
speeds) of each subject while navigating with the device. Sslipnied to make mistakes
(especially in the first route) when making the turns. Tés probably because they were

not able to perfectly understand the function of the device. Thusast necessary to
determine the effective walking of the navigatias, reported by264]. The time taken to

make every turn (within the designated length as shown in Figlitdé&fore) and the overall

time to finish both rates were also recorded. Table pf®sents the entirdata of each

subjectbés speed, control time, average ti me

The shown average time taken was based on the cumulative time daleah turn of both

routes. The score was somehow influenced by the number of mistakes (or direction errors)
while navigating with the devic As shown in Table 5.6ubject 3 had the highest walking
speed of 1.08 m/s, and shortest average time takehgéc®nds in Route 1 and 6.19 seconds

in Route 2). His average time was also not distinctively different from the control time (5.53
seconds). In fact, he consistently had the highest/best scores for all the recorded data in both

routes, as compared to trest of the participants.

For the other subjects, their average times (for all the turns) were usually Wiggrethey

made more mistakes. This indirectly ledattonger time to finish the routes. In Route 1 for
instance, Subject 6, 8 and 4 had tighbst average time to make the turns (18.85, 23.55 and
17.62 seconds respectively), and they demonstrated the longest time to finish the route
(776.43, 956.43, 733.81 seconds respectively). d$ssmptiorwasalso applicable for the

other three subject®, 3 and 10), who scored the lowest average time (16.34, 6.24 and 16.56
seconds respectively), and shortest time taken (682.27, 337.82 and 602.05 seconds) to finish
Route 1.
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Table 5.6: The summary of recded data for the navigation tests (Phase 2)

ROUTE: 1
Subiect Walking Control Time taken to make the turns (s) Overall time
ubjects Speed (m/s) time (s) Turn 1 Turn 2 Turn 3 Turn 4 Turn5 Average taken (s)
6. 0.79 7.56 8.69 29.10 28.52 19.71 8.21 18.85 776.43
(Waist)
8 0.68 8.86 9.45 9.21 33.71 30.82 34.54 23.55 956.43
(Shoulder)
4. 0.78 7.74 7.80 24.22 25.75 21.33 8.98 17.62 733.81
(Waist)
9. 0.51 11.08 12.02 11.73 34.45 12.24 11.45 16.34 682.27
(Waist)
3 1.08 5.53 5.60 7.32 6.61 6.03 5.65 6.24 337.82
(Shoulder)
10 0.73 8.15 9.12 23.41 29.51 11.27 9.49 16.56 602.05
(Shoulder)
ROUTE: 2
Subiects Walking Control Time taken to make the turns (s) Overall time
J Speed (m/s) time (s) Turn 1 Turn 2 Turn 3 Turn 4 Turn 5 Average taken (s)
6 0.79 7.56 11.40 8.81 7.86 21.33 8.21 11.52 567.01
(Shoulder)
8. 0.68 8.86 8.92 27.22 26.57 9.43 9.02 16.23 797.92
(Waist)
4 0.78 7.74 7.90 8.71 18.65 8.92 7.89 10.41 526.07
(Shoulder)
o 0.51 11.08 11.34 25.33 12.71 11.84 12.13 14.67 647.72
(Shoulder)
3. 1.08 5.53 5.57 8.41 5.22 6.11 5.63 6.19 321.434
(Waist)
19 0.73 8.15 8.57 21.73 10.11 9.43 9.21 11.81 512.45
(Waist)

However, the justificatiofior average timénfluencingthe overall time taken is ntitue This

is invalid when comparing these data in both roukes. example in Route 2, Subjects 6 and
8 made the most mistakes (two errors each), but subject 9 with only 1 errarlbager
average time (14.67 as compared to 11.52 seconddufgect 6). Then, Subject\8as the
one who had the second longest oudraie to finish Route 2797.92seconds). In addition,
Subject 4 had the second lowest average time (K&ddnds) after Subject 3 in Routbé@
his overall time taken was not the second lowdstwas held bySubject 10 with 512.45

seconds.

What canbe primarily highlighied herewas even if the subjects took less time to finish the
routes as compared to the otherglidt not mean they scored the highest effective walking
while navigating with the device. This depeddn their walking speeds and thesitation

before making the turns. For example, in Route 1 Subject 10 took 602.05 seconds to finish

the first route and made two direction errors, while Subject 9 took longer time (682.27
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seconds) but only made one mistake. Was because Subject 1Gad the higher walking
speed (8.15 m/s) as compared to subject 9 (11.08 m/s). Also, Subject 8 and 4 made three
mistakes in Route;however since the walking speed of Subject 8 was higher (0.78 m/s as

compared to 0.68 m/s), he took less time to completeaite.

As shown in Figure 5.12he studycompared the number of direction errors made by each
subject for both routes. From the graph, it clearly sfubtivat the numbers of direction errors

for all the subjects decreased when navigating in the sexartd. This was indeed an
interesting indication, where it possibly suggesiat the participants started to learn and
understand how to navigate with the assistance of the device in the second route. Except for
these two participants, (1) Subject 3 petly navigatd with the device in both routes
without any mistakg (2) while Subject 9 maintainedth only one direction error.

Number of Errors
6

Routes:
=
"

Subjects
6 8 4 9 3 10

Figure 5.12 The comparison between numbers of direction errors made by subjects in both r

Subject 3who demonstrated the best navigagal performance amongst the participamasl
reaffirmedthe fact thahehadthe highesscore of MMSE (27) and alsbhewasthe only one

who went to the therapycentre by himself without any assistance. The navigational
performance of Subject 3 indicated that he did not excessively suffer from the spatial
disorientation o wayfinding disability.For the other participants, the MMSE swmere

varied from 17 to 21, which wergayl ower t han S Adegrdng tb[328]ansl s c o r €
based on the description of severity of mitige impairment presented in Chapter One,

MMSE score of: (1) 26 to 30 could be normal, (2) 25 to 20 is mild and in early stage, and (3)
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19 to 10 is moderate and middle stage. Hence, Subject 4, 6haad® similar range, which

wasin the mild conditiom. Of all the subjects, only SubjectMasin the moderate condin.

Nevertheless, we cannot simply justify that subjects in early stage has better navigational
performance with or without the device than those in middle stagewBisisecause Subject

6 who hadthe MMSE score of 20 did the same number of directional errors with subject 8

with the MMSE score of 17. But then again, the other participants (with mild condition)
demonstrated average or moderate navigational performartuesaspect and searother
arguments are clarified betisthefinal sectianbfehisdo Ge n e

chapter.

5.5.3 PHASE 3: Following (Navigation) Test

The recorded data for this phaseresimilar to the previous navigation test. In fact, all the
variabkes used forthe assessment of data weadentical. The only differencevas the
complexity of the routdad beerincreased. The studyused the same walking speeds and
control times for these three subjects (Subject 6, 8 and 10) as presented in thefrebalse

2 (refer Table 5.b Identicaltot he pr evi ous phase, subjectsbéd
speed) were compared with the tita&en for each turn. Table 5simmarized the recorded

data for this phase.

The first indication in terms of the impreuwme nt of subj ect sbéswaavi gat |
on theaverage time of all the turns. All the three subjects indidaiger average time taken

to make the turnas compared tboth phases. Howevethere were two routeis Phase 2,

which meanhthere werdwo average times. Hence, the percentage of average time reduction
wascalculated by comparing the average time taken (from both routes) in second phase, with

the average time taken in this third phase.
Table 5.7: The summary of recorded data for the following navigation tests (Phase 3)

Time taken to make the turns (s) Overall
time
taken (s)

Subjects | Turn Turn Turn Turn Turn Turn Turn Turn Turn Turn
1 2 8 4 5 6 7 8 ] 10 Average

6 9.06 1484 | 7.58 9.72 840 17.72 | 1740 | 9.54 7.69 8.01 11.00 1082.70
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8.98 9.60 | 18.90 | 9.56 9.64 9.65 | 23.69 | 20.77 | 35.21 | 8.90 15.49 1420.46

10 8.57 10.73 | 15.11 | 8.43 19.21 | 9.97 19.57 | 8.62 9.12 8.16 10.88 1101.39

For example, Subject 6 scored 18.85 seconds in Route 1 and 1doB8sen Route 2 of the
second phase. Hence, the average for both ra#e$5.19 seconds. This average Sooes
comparedo her average time taken in the third phase, wines 11.00 seconds. Thus, the
time differencewas4.19 seconds, making the pertzge of average time reductiam both
phases as 27.58% (calculated4&9 + 15.19] x 100%). Table 5dmonstrates the average
time (to make the turnsjeduction for all the subjects in Phase 3. From the table, Subject 6
had the highest percentage ofmi reduction of 27.58%, as compared to the other two
subjects Subject 8 witl22.12% andubject 10 witl23.32% respectively.

Table 5.8: Comparison of average time in making the turns between Second PHaReraPhase

Subjects Average Time Taken of Average Time Taken of Third ~ Time reduction (%)
Second Phase (Seconds) Phase (Seconds)
15.19 11.00 27.58
19.89 15.49 22.12
10 14.19 10.88 23.32

The second indation that could be highlighted here wastba overall time taken to finish

the route of third phase by all the participants. Witile overall time taken wasot
necessarily influenced by the average time as reported in the results of previous phase, but
whencomparing both phasehere wereapparently decreases in the ratio of the average time

(for all ten turns) to the overall time taken. Phase 2 consisted of two routes with each route
havingfive turns and approximately 3%0etres in distance respectively. The route of Phase 3

on the contrarywas almost doubled in terms of number of turns and distance. Therefore, the
mentioned ratio of the subjeatsuld be calculated by comparing the overall time taken to

their average times of both phases.

For example, the average overall time for both esuh Phase 2 for Subject 6 is 671.72
seconds ([776.43 + 567.01] + 2). It means Subject 6 took the average of 671.72 seconds to
complete the routes. If this average tinvas doubled (taking the length in phasewas
doubled to 700netres), she should finfedthe route in 1343.44 seconds. Yet, she completed
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the route in only 1082.7 seconds instead, fewer 260.74 seconds than expabteds.9

below demonstrates the expected and actual overall time taken for all the subjects.

Table 5.9: Comparison between the expected and the actual overall time for each subject and the number of
mistakes they made

Subjects  Average overall time Expected overall Actual overall time Percentage Number of
taken in Phase 2 time taken in Phase taken in Phase 3 of reduction Direction
(seconds) 3 (seconds) (seconds) () Errors
1082.70 1941 |
8 877.16 1754.35 1420.46 19.03 4
10 557.25 11145 1101.39 1.18 3

The table above shows that all the subjecispletingthe route in Phase Berefaster than

they were expectetb be Again, Subject hadthe highest percentage or the ratio of time
reduction with 19.41%, while the lowesfas Subject 10 with only 1.18% ratio. Also, these

ratios of reductions could or could nidave been due to the number of errors made. For
instance, Subject Badlower ratio than Subject 6 probably because she made less mistakes.
But thisdid not explain why Subject 1i@adthe lowest ratio since she did the same number of
each

mistakesas Subject 6 This might be also due to

speed), as presented in Tablefsofn the previous Phase 2.

Number of Errors (%)
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Figure 5.13 Percentage of directional errors made in Route 1 and 2 of second phase, and in the thir

Another aspect tbe stresedhere is on the number of direction errors made in this phase, to

be compared wit the previous navigation test. Themas no significant directional errors
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reduction observed here, as the number of errors made was compatible. wakae
consistent decrease shown by Subject 6, but not in the case ath#retwo participants.
Figure 5.13 abovaellustrates the percentage of directional errors made by each subject in
accordance with every route in both phases.

Nonethelessthis study isaware ofthe questions that may arise from the aforementioned
justifications Firstly due tothe oute length of the third phasehich was not accurately
doubled from the second phase, the exact length of the roatéd not be calculated
Besides, the participants took less or more time to make the turns in Phase 3 due to the
complexity of the routéself. Even sq the reductions in: (a) the average time taken, as shown

in Table 58 and (b) the actual overall times, as shawiTable 59, by some means inchte

that the subjects navigated better after the series of pradiicgghis is one of therpofs of

their familiarization with the device systenkurther clarification on this argument is

presentedihthisc hapt er 6s | ast secti on.

5.5.4 Subjective Assessment

This subjective assessment comprised of the responses to the questions asked and comments
offered. Thi s assessment was t o better clarify
understading about the interventionsD u e t o t he Ssubjectso | an
communications difficulties, the questiongre simplifiedand translated into local language

(Italian) with the help of the therapists. Also, instead of using scale (of 1 to 5, as 5 is the
highest), we used 6l ess6, Omoderated, and 0¢d
0l essd6 as the mini mum (or maximungorscdle ofi3oeerv er 3)

3). Table 5.1&hows the questions and scores for each subject.

Although the set of questions provided were not extensive (due to the limitations mentioned
earlier), the subjective data from this assessmmeight support thejustification of the
guantitative data from the experiment. This set of questions was meant to validate several key
points;

1. Q1 for the ability to sense the haptic stimuli

2. Q2 for deviceds wearability and comfort
3.Q3 and Q4 for deviceds useful ness
4

. Q5 and @ for the learning process or training
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Table 5.10: Subjective assessment questions and the scales given by subjects

Questions
(Scale of 1 to 3)

Subjects and Scale

Q1 | Did you properly sense thevibration and

which position? (S) (S) (W) (S) (W) (S)
Q2 | Are you comfortable wearing the device 3 3 2 3 3 3
Q3 | Would you like to have the device and use it? 2 2 1 2 1 2
Q4 Do you think the device is useful? 2 2 2 3 3 2
Q5 Do you needmore time to learn to use it? 3 3 3 2 1 3
Q6 | If you are given more time to use it, will you 2 3 3 3 3 3

perform better?

For Q1, 4 oubf 6 subjects (66.7%) scored the maximum scale of 3 over 3.Thist thegn

could appropriately sense the vibratidfhilst, for the most preferred position for the tactile

displaywasthe waist (4 oubf 6 subjects). In particular, only subject 4 and 3 preferred the

shoulder position. For the next question (Q2) that stressed on comfort, 83.3% agreed that they

were comfotable wearing the device as they rated 3 over 3. Waisin contrast with

subjectséo

and moderate to Q4. The average score for Q3 is 1.67estibat theywerenot so keen to

perspectiyv

e

on

t he

devi

ceods

have and use the device. Meanwhile for Q4, 4 subjects (66.7%) rated 2 over 3.

usef ul

The data from the last two questions may explain the preceded scores. For Q5, 66.7% agreed

that they neeeld more time to learn to use the device. Whereas, only Subject 3Iscaneer

3 as he did not make any mistake while navigating with the device. Once again, the user

familiarization was a crucial point as proven in Q6, where 5 over 6 (83.3%) rated the

maximum scale. The final section discusses the findings ananfokling arguments in all

the phases, before it summarizes the entire establishment of this UT.

5.6 General Discussion and Conclusion

In the situation where visual and auditory cues are less appropriate, especially when these are

the most affected sensory fekampe in the case oblder adults, employing the sense of

touch for navigational purpose could be a beneficial alternative. Thus, the conducted
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experimentaimsmainly to verify if the tactile/haptic stimuli is a possible form of wayfinding

modality for elderlywith cognitive impairment.

There are obvious differences comparing the average time taken to make turns with the
control times of each subject in every phddes studypresumed that waspartly caused by

their hesitancy to receive the haptic stimadia signal to turn left/riglatt the junctions. Also,

the control times wereecorded when participants walked without the dewtenly one
junction (in a 6meter distance). Unless we reedithe control times from all the junctions

(or turns), itwasfair to compare the control times with thme taken to take the turns. The
studyalso did not have the data for the overall time taken to finish both routes without the
device. Hencethe studycould notjustify thei ndi vi dual 6s navbagedt i ona
only on these overall times. That being said, based on the observation during the navigational
tests of both phases, participants took longer time especially when: (a) they hesitated for too
long before making the turns, (b) they had to reroute tfkéng the wrong turn, (c) and not
making the turns where they were supposed to.

As shown in the comparison between both routes in Phase 2, there were decreased number of
directions errors made, shorter average time to make the turns and finallgubed-everall

time by most of the participants in the second route. In addition to this, there were reductions
in the average time taken and the actual overall winen compared tthe expected ones in

Phase 3.The studypositd that they performed bettawhich was probably due to the
increased level of understanding and learning process in using the device. Equally important,
the decreased errors indirectly suggdshat the proposed intervention to use haptic sgynal
helpedthe participants to navigate the designated routes.

The effects of learningrzas not jeopardized even when there were no consistent decreased of
the numbers of direction errors made by the three subjects (Subject 6, 8 and 10) indhase 3
compared tdheir errors in Phase 2. iBhwas partly because the difficultievels had been

increased, since the leingand number of turns had been approximately doubled. Unless
they travelled in the same familiar route and not demonstrating any navigational

improvement, thethe studycoulddeny the postulated justification.

This is certainly a common situation faced by dementia patients when navigating in both

familiar and unfamiliar environments. In the earlier chapters of this study, their spatial
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disability that is closely associatedth the cognitive dysfunctiohad been discussedut,

there are other external factors that may explain their wayfinding difficulties that lead to these
directional errors when making the turns. As stated by Fli@&randCollister [322], the

issues initiated by spatiatlisorientation are exacerbated by the poor concentration,
communication, and reasoning skills. The deficiencies of memory also resulted in the

problems to follow direction or asking for help in finding ways.

In view of this, the lost information (of dicons) could possibly be replaced by the memory
techniques, even if the recall might not be spontan¢®23][324]. During the course of
navigation, itwas quite normal for a person with dementia to forget the routel@sethe
directional information to get to his/her intended destination. Indiistion, the memory
couldbe induced and this information could be reacquired witlhéhe of externalstimulus
The externaktimuli werein the form of reminders or directional cues, like the haptic signal
itself. Howevery for these individua the dligation to remember such stimulus requires
another learning procesg324]. Once again,this relatesback to the importance of
familiarizing the concept of intervention. On top of that, navigating in an outdoor
environment is obviously more difficult due to the complex architectueah@hts, landscape
and their associated fixturg&25][217].

Although therewereexisting facilities thamight help their wayfinding such as the noticeable
signboards, street namand route signs, once these individuals got anxious or frighéesna

result of spatial disorientation, their directional information from the cognitivevnoaid be

even more affected. Lyndi326] agreed that, the devastating consequences may happen to
people wih dementia whanave difficulties to follow direction and cannot ask for help due

to the communication issues. Therefore, apart from providing more accessible and supportive
environments to promote betteremory of the routes, while simultaneously lessgnthe

effects of spatial disorientatipnonfusion, and impaired memof$27][328][58], so more
assistive intervention in terms of directional/navigational prompts tike proposed project

itself should be provided.

Another important argument raised from the whole phases of conducted assessasents
the varied severity of cognitive impairmearnoryg the recruited participantbut none of the
subj ect s 6 wdNoHér thand@ This means, they were not in the late stage of the

disease. Yet again, even if several subjects with higher MMSEdseodperformed better
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than those with lower scorethis studycould not verify their abilities to navigate with or

without the device solely on the level of cognitive severity. This is due to the irrelevant
overall results of navigational performance s
the test.Therefore from both navigational testshis studymay suggest that the intervention

workscurrentlyfor individuals in moderate and earlier stages of cognitive impairment.

On the other hand, results from the subjective assessment support the actoialof
appropriate training antthe constant use of the device for this intervention. This is primarily
revealed by the improvement of navigational performance by most of the subjects after
repetitive navigational tasks. Then, the last series of quesiiothe subjective assessment
found that the subjects agreed that they needed more time to learn to use the device and
would perform better subsequently. This clearly proposes that getting familiarized with the

intervention is important and somehow ikfhicest he devi cebds effectivene

The subjective assessment also disadbkat the haptic stimuli given to the participants as

the directional signals were sufficient and appropriate. On the other hand, in terms of the
placement of tactile display, theajority preferred the waist positions. This is essentially in
agreement with the existing related works on the wearable devices that chose the same
position (abdominal area) for the haptic/tactile interfaces, such as the studies by Van Erp et
al., [264] Zdllner et al.,[262] and Grierson etla[234] that conceptualized w&earable belt

with tactile display for navigation. The reason for selecting this position is primarily due to
the practical and comfort aspects, aside from the sufficient surface for haptic/tactile

interaction.

The appearance of the device prototypghhialso influence the scores given to some of
guestions, despite the positive overall scores in the Subjective Assesgaréatilaty for
guestion (Q3) that asked if they were willing to have and use the device. The lower scores
given to this questionybthe majority conceivably due to the appearance of the prototype,
since it was not so physically appealing. The comments from subjects, as well as their
caregivers and the therapgntrestaff acquiesced that the aesthetic aspect of the prototype

neededd be improved, especially on the dimension, exterior design and material used.

This matter is noto betaken lightly, as the proposed project continues with the modifications

and improvements to be made to the overall design. Beyond doubt, the magot asp
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accentuated subsequently is on the device comfort, which goes hand in hand with its
practicality and aesthetic. This is also certainly i@t principal criterion for wearable
devices and design for dementia patief@287]. Therefore, the design project develops and

its progressions are revealed in the following chapter, Chapterw®ich will discuss

profoundly on the further development and its conducted assessments.
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CHAPTER

6 Further Development

6.1 Second Prototype Development

The design project of the study continues with the development of the skecmtidning
prototype and it ipiloted to further justify the significance dhe proposed intervention i.e.
assistive navigatiordevice for people with dementia. In this further developméme
emphasize is given on the improvement of the previous prototype, mainly in terms of
practicality of the deviae feature and aesthetic a&sys for comfort and proportions, as well

as the commercial perspective.

Founded on the results of assassts in the first UT, there wetleree major issues revealed.
First, despite the overall constructive remarks attained to the first developgetypegthis

study washighly recommended to give greatttention to the comfort aspect of the device.
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Secondly, the previous assessments together with the existing scholarsesutgesthe
most preferred position for wearablesson the abdominal aa. Finally, from the former
navigation testsit was observed that individuals with dementia faced more difficulties to
navigate in the complex route/environmemherefore, although théurther development
serves the similar purposes like the first on® facilitate the users in finding their way
around an outdoor environment, the adjustments and enhancements lshooldde in
compliance with thesthree major issuegreceded above. Accordingly, thpsototype uses
the already developed buitt systemihterface since the device general features are

maintained.

A wearable device counts greatly on its comfortability, since by definition it refers to devices

that can comfortably be worn on the body or incorporated into items of clothing/accessories.
This is to allow the effective interaction between the body and the wearable dRjé2}s

Besides, to design an appropriate wearable product, there are some guidelines to be followed
as suggested by Gempe[B¥2]. Placement, appearancgynamic, sizing and attachment of

the device onto userso6 body are the primar
certainly useful to clear up the first and second formerly mentioned issuess, also agreed

that the desigof the device needed to be improved accordingly.

For the third issues, it is known that navigating in an outdoor environment is quite a
challenge tanyone not only forour target populatioriThe complex elements and fixtures in
outdoor settings aggrateathe difficulties and confusions. These are obviously the crucial
obstructions to be avoided for people with dementia. Thus, gigrdeoncept that is being
proposed here by some meamstended to diminish the confusion of people with dementia

whennavigating in an already complex outdoor environment.

But then, based on the observations of the ¢
tests, it was presumed that having left/right instructions were insufficientassist their

navigation This was mainly true becauseduring wayfinding,therewere certain routes that

requiral the travelers to not only turn left or right, such as in the more complicated junctions

or roundabouts. For this reasdanwas expecedthat additional directional sighwasneeded

to help them navigate better with the device. Therefore, this chapter presents the improved
design of the wearable device in accordance with the justifications heralded earlier. First, the

next subsection reports profoundly on the flow of skeond prototype development. And

155



then, the following section and its subsections documented on the evaluations of the project
together with the presentation of data and analysis, as well as the results and discussion.

Somehow, this entire chapter adoipis similar flow of Chapter Five.

6.1.1 Prototyping

The verifications from the formerly conducted tests reassure the decision to choose only one
most relevant position for the placement of
abdominal area or in p#cular on the waist. The selection relies profoundly on the reasons

that this position: (1) provides larger surface area for the interactions with the wearables, (2)
offers the appropriate access to the device, (2) provides a proper attachment sayceadt m

hi nder usersé mobility/ movement, and (4) ha

These reasoning are line with the recommendaticom Gemperle[272] on ch@sing the
appropriate placemenrfor wearables. Therefore, the propdgeoject is nurtured to focus on
creating a new design of wearable device on the waist position. The device adopts the same
system architecture and algorithm design like the previously developed schemes. However,
the second device prototype is also usedaa apparatus for the following assessments.
Therefore on this occasionjt was advisabld¢o use the altered/simplified system theds
specifically used in the previous tests.

In the altered device system, the haptic signals are activated usingle sioiple interface
created as an android application. This application communicates with thénbidévice

system (that consists of a microcontroller and the outputadtile display)through the
Bluetooth connection. The development of this secantbfype follows the common steps

in the product design process, where it starts with the idea generations and ends with the
model making or prototypingrigure 6.1below illustrates the early ideations of the new

design concepts.

From thediagram thereare two conceptual designs proposed, but both of them have the
same positioning of the tactile displays and the device hardware. The two tactile displays at
the sides (left and right) are for the left and right directions, while the one in the midde is t
signal to go forward. This is one of the additional features for the new deviceptoas

underlined earlierThe middle tactile display should be centralized at the back part of the
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waist, so that it can create an instinctive haptic fofte signalat the back is expected to
direct the users to go straight/forward when they are not required to turn left and right while

navigating in a more complex route.

CONCEPT #1

CONCEPT #-

Figure 6.1: Early ideations of the new design for the device
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Moreover, n the actual navigation situations, the pedestrd@msot always turn left/right

after they have reached the junctions. Yet, people with dementia (also based on the forme
observations) tend to doubt/hesitate more than healthy pevsoether to taker not to take

the turrs at the junctions. This hesitah may causenem to be more confusédaninfluence

that should be avoided at all costs, since it probably leads them to abandon the wayfinding.
Having the d6go f or war d odseconfugions and ah thg sarheetimg t o
lessen the directioh&rrors. This is because this signamegant to be activated even before

they reach the junctions/turns that they do not need to take.

The difference between the two proposed concepts is mainly on the attachment of the device
ont o user s dthemeemiset the tactBeadisgtays@nd hardware on the belts. But the
first concept has a belt made of a stretchable fabric and both ends are connected together with
a bucklelike mechanism. On the contrary, the second concept has a stiffer belt thah stays
shapeln this case, theelt does not require a locking mechanism sihce expected to hold

the device in its intended positions. In addition, the tactile displays in both designs can be
adjusted horizontallyo fit the diverséody sizes.

Furthernore,the design process continuedy creating the thredimensional (3D) model of

the conceptsn orderto havea beter view of the designs. Figure 6sRBows the constructed

3D models for both of the concepts. The principal ideations of both desgmsaamtained

from their early sketches. The first concept proposes the use of stretchable and more flexible
belt, while the second ongsesa more rigid belt that hokdthe devicein place. The tactile
displays in both designs synchronize the hard chsess (that place theemainingof the

device hardware) and ahce inspire the overall looks.

After careful thoughtand deliberations on some restrictions, only one design concept for the
prototyping phasewas chosen The first conceptwas chosen due tats practicality,
applicability and comfort aspects. The stretchable belt in the first concept could fit onto
userso6 wai st nandr itewoudd pop cawus® any attachnhemt ,issue. A wearable

device without taking into account its dynamic strucemd attachmennight hi nder user ¢
normal bodily functions and mobility, and interaction with the def2@8]. Carryingon with

this design concept, the-depth constructiorof themodel is visualized in Figure 6t&low
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PERSPECTIVE

PERSPECTIVE

CONCEPT #2

Figure 6.2: 3D model for both of the concepts

The actual mockup with the functioning systemas then developed based on this
comprehensive model construction scheme. For the prototyping purfiesesydytried to
follow the framework as exdgtand meticulouy as possible Then again, it very much
depen@don the limitations and availabilities that influenced the decision making in selecting

the components /elements/strategies for the prototype.
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U )

tactile display

- -

belt |
FRONT VIEW

additional
attachment

openable lid without hardware

posifioning

Figure 6.3: The detailed constructions and overall view of the proceeded concept

For example, with the limited time and budgaimeof the electronics components from the
previous prototypewere recycledand thepurchase were limitedto only those truly
necessary items$n addition,the materials such aketypes of fabris were nobf the highest
quality. Figure 6.4exhibits thecomplete look of the physical and functioning second device

prototype.
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FRONT VIEW SIDE VIEW REAR VIEW

Stretchable
Belt

Clip/
Fastener

Tactile
Display

Figure 6.4: The finished look of the send prototype when in use

Most of the parts of this prototype were made of or covereliffierent types ofabrics. The

had case thatontainedthe hardwaravasthermoformed using a thin layer of polymer, and
then it was covered with the same fabric theld the tactile displays in place. The belt was
made of stretchable fabrics and one of the evaisattachedith the clp/fastener. The above

figure also demonstrates the placement of the device prototype when it is being used by the
users. But, to function at its best, the tactile displays should have direct contact with the skin,
in order forthe haptic stimulto be sensd most appropriately. For this reason, the users and
the subjects for the testere recommended to wear the device prototype underneath the
clothes, on the waist line. After the prototypascompleted, series of assessments based on
Usability Testing () principles were conducted once more, in line with the aforementioned

aspects of project advancements. This is presented in the succeeding section.

6.2 Test and Validation

The validation over the effectivenessd usabilityof the second device prototyps
described based on the (1) Demographic of participants, (2) Experimental Procedures, and (2)

Results and Analysis, as documented in the following subsections.
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6.2.1 Demographics of Participants

For further assessment, it was also conduciedhe actual taget users of the device i.e.
dementia patients. However, due to the limitations of time provided, as well as the
availability of the subjects and settings, the tesis conductedn collaborations with
different nursing homes as compared to the previaisTée enrolled participantgerefrom

(1) Genera Societa Cooperativa Sociale Onlus in Bovisa, Milan and (2) Fondazione Casa S.
Giuseppd Onlus in Gazzaniga, Bergamo. Both institutions are nursing homes that provide
the cares for the patients in theiffeient stages of dementia, where some of them stay there

fulltime and the rest come on daily basis.

Like most of the dementia care institutions, these nursing homes also used MMSE as the
cognitivebased ratings to identify the individual level of conssiness or the severity of the
disease. The total number of participants floemth institutions wasix persons and thage
rangewas from 79 to 89, with the average being 83.5 geald. The MMSE assessment
conductedon these patients were relatively raeceAll of them were assessed in the year
2016, with the earliest was March and the latest in JUAD16.

The MMSE score rangeflom the lowest 14 and highestas 20 with the average of 16.8.
The average MMSE score of the recruited subjects in tHisveedower than thepreviousy
conducted UT (16.8 against 20.8)aking the assessment even worthy and interesting. With
this, the patients in the higher dementia sevevitye observed on how they copeperceive

the intervention. Once again, asMasalso an important criterion for the tedl,the subjects

in this test were able walk properly with no serious mobility issues evbaughsome of
them use the canes. To be properly documented, the test subjects were ideytified
numbers from 1 t®. Table 6.1below presents the necessary data for the demographic of

participants involved in this test.

Table 6.1: Details of subjets participated in the second Usabilitgst

Subjects Age Gender MMSE Score MMSE Test Date Institutions
1 84 Female 16 04/03/2016 Gazzaniga *
2 83 Female 15 06/04/2016 Gazzaniga *
3 85 Female 17 05/05/2016 Bovisa **
4 89 Female 20 15/05/2016 Bovisa **
5 81 Male 19 14/03/2016 Bovisa **
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6 79 Female 14 04/07/216 Bovisa **

Gazzaniga *: Fondazione Casa S. Giusep@nlus

Bovisa ** : Genera Societa Cooperativa Sociale Onlus

6.2.2 Experimental Procedures

Since the evaluation of this second device prototype focused mainly on the practicality and
aesthetic aspects, thest conducted was not as complex as the previous one. This &tond
was divided into two main phasgsvhere the first phase involvdtie orientation/training
sessions and the second phase was on the subjective assessment. The data collections for the
first phase weren complianceto the familiarizationof the device by the subjects. For that
reason, the assessment follows the procedures that represent these aspects:
1. Acceptance of the device by the patients
1 Experimenters put on the deviceontothespue ct s body, and ob.
reaction or acceptance.
2. Reactions towards the haptic stimuli
1 Subjects were asked if they can sense the haptic signals generated by the
tactile display at all the positions (Right, Left and Middle).
3. Understanding the meamgjmaptic signals
1 Subjects needed to indicate if they can understand what the haptic signals
represent. For example, if they sense the vibration on the left, they can raise
left hand, turn left, take a few steps to the left or by even simply showing where

they sense it.

All of the experiment phases were executed in an open space but still within the nursing
homesd buildings, so t haduldhbecendunigdiniortumately,i gat i c
the researcherould not perform the navigation assessmeran outdoor environment using

the actual streets likeefore asn the firstUT, since the patients were not encouraged to go

out of the premises. In addition, the permission from their families to bring the patients out

for the teswvas not grantedued t hei r concerns over the patie
subject completed the first phase, he/she was required to take a walk wearing the device in a
simple route in the indoor gardens of the institutions. Here, subjects were asked to travel with

the device andnake theurns accordingly when thieaptic signalsvere triggered.
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Once each subject was assessethis/her ability to navigate within the indoor garden with

the assistance of the device, the test was proceeded with the second phasgdteiesub
assessment. The subjective assessment consisted of the queries related to how the subjects
perceived the device.The similar set questions from the previossbjective assessment
presented in Chapter Five was adoptaat with additionabnd detded questions about the

device, mainly from the aspect of comfofithe researchealso interviewed the nursing
homesd <caregivers, managers oOfr therapists

assessment.

6.2.3 Results

The results from this test are refat based on the two phas@saining session and
subjective assessmengach subject sperabout30 to 45 minutes to complete all of the
evaluations First, the orientation/training as describe previously has three aspects of
measurements or variableeceptance, reactions and understandidg.b j ect sd6 per f or
for the said aspectwere observedind the scales of 1 to 5 to rate them, with 1 as the
minimum and 5 as the maximum scovesre usedThe scores of every subjeatcarding to

the three aspexiare represented iralble6.2.

Table622The Subjectsd Scores for the First Phase

Subjects Acceptance of the device | Reactions towards the haptic| Understanding of the haptic
stimuli signals

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
1 Vv \% Y,
2 V \% Y
3 V V Y,
4 Vv \% Y,
5 V \% Y
6 Vv Vv Y

From the results, half of the participants (Subject 2, 4 and 5) scored the maximunoiscale f
all aspects of assessment. Mosthaparticipants did not show any obvious reluctant attitude
when being introduced to use the device, except for Subject 2 where she was rather skeptical
and hesitated. But still, she indicated good recognition andrstahding for the given haptic

signals and accepted to use the device.

Whereas fothe other participants who did not score the maximum scale in the recognition

and understanding aspeciiswasmainly because they took a while to perceive the haptics
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signals or had difficulties to recognize and understand what the signals regaesent
example, Subject 6 who scored the lowest in the recognition and understanding aspects could
not properly sense the haptic stimuli in most of the positions, andkititera while before

she could indicate the meaning of the stimuli. However, she accepted the intervention very
well as she was being really cooperative during the whole test sessions. Furthermore, some of
the participantsvere noticed to hawvifficulties to recognize the haptic signal from the tactile
display at the back. Here, they took more time to indicate if they sensedl it was noas
impulsive and efficientas sensing the haptic signal from the left and right tactile displays.
Again, Subject indicated themost poor performande recognizingthe haptic signal at the

backas compared to the other participants.

Subjectséo n a vim thia UT wene ewalvateld isdlelyeothe e x per i ment er
observation with the assistance from the stéafthe nursing homes. For this valuation, those

who scored the higher scales in the first phase also performed sufficiently well here. In the
course of navigation, the haptic signals triggered randomly, depending on the availability of

the route within te indoor garden. Of all the participants, only Subject 6 was not assessed

her navigation ability with the device because she did not satisfactowdlgrstandhe left,

right and go forward signals.

In addition, since the route within the indoor gardwas tooshort the subjects were not
given the 6go forwardé signal (from the tac
left/right signals during this simple navigation assessment. Besides, giving different signals at
different positions in ahort range of time (for example with the intervals16fto 20

seconds) may lead to confusion for the subjdot@ddition,the more important evaluation

was if they couldeffectivdy decide to turrleft/right everytime they sensed the signals. The

subects were required to wallorward along the route when they were not sensing any

haptic signal. Surprisinglyevenwhen they were not given the signal at the back, most of the
participantsstill managed to navigate sufficiently well with the device.

Howe ver , t he 6 g o coutdrnatasimgly be fremovedust dmetause the
participants performed better without it. This could be related to: (1) the limited route size
that createdconfusion as stated beforehand or (2) probably due to the design ioé dev

prototype itself thatnadethe subjects not adequately sensing the haptic signal on back. In
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any case, further investigatianight help to justify this matter, befor@ecidingwhether or

not

to keep the 06go

forwardd signal

The second phase of thesassment was purposefully to justify deeper on how the subjects

perceivel the use of thisdevice and the overall intervention as a concept of assistive

technology. However, as the device usefulness for the targetwssas important aspect to

look for, there was another crucial factor be added and highlighed in this second

subjective assessment, essentially from the comfort point of view. Once again, the scale of 1

to 5 in rating the answers for each question asked, with 1 as the minimum ande5 as th

maximumwas used | n

No 6,

3 for o1

conjunction

donot

knowo,

with this,
while 5 for

t he sca

assessment were categorized into three segments, which were elaedl) Functionality,

(2) Comfort/ Wearability, and (3) Usefulness of the device.

This evaluationwas carried oubn aoneto-one basis, like an interview session. The subjects

were encouraged to use the scales given to rate their answers, busahéregperimenters

(with the assi

stance

of the nursing

homeso©o

to help them understand bett&or this, theexperimenters had to interpret their responses

and decoded thewrgaininto the scalesTable6.3 below records the scores for each question

by all the participants.

Table 6.3: The subjective assessment questions and the scores given by the subjects

QUESTIONS

SUBJECTS

DEVICE FUNCTIONALITY

SCALE (OF 1 TO 5)

1 2 3 4 5

Q1 Did youclearlysense the vibration (haptic 1 \%
stimuli)? 2 Vv
3 \Y
4 \%
5 Y,
6 Y
Q2 Do you need more time to learn to use it? 1 Vv
2 Y,
3 Y
4 \%
5 Y
6 Y
Q3 If you are given more time to use it, will you 1 \%
perform better? 2 NA (no useful answer given)
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3 Y
4 Vv
5 Y
6 NA (no useful answer given)
Q4 Were you comfortable wearing the device? 1 \%
2 Y
3 Y
4 Vv
5 Y
6 Y
Q5 How comfortable is the device related to the 1 \%
material? 2 Vv
3 Y
4 Vv
5 Y
6 Y
Q6 How comfortable is the device related to the sh 1 \%
of the hardcase? 2 \Y
3 Y
4 Y
5 Y
6 Y
Q7 Attachment: Does the device excessively 1 \%
noticeable/perceivable when putting it on the 2 \Y,
body? 3 \%
4 Y
5 Y
6 Y
Q8 Movement: Did you feel if the deviaaove 1 \%
around and restrict your movement? 2 \%
3 Y,
4 V
5 V
6 Vv
Q9 Harm: Was the hardase of the device himg 1 \%
your back? 2 \%
3 Vv
4 V
5 Vv
6 Y,
Q10 | Doyou think the device is useful? 1 \%
2 NA (no useful answer given)
3 \Y,
4 Y
5 Y
6 NA (no useful answer given)
Q11 | Would you like to have the device and use it? 1 \%
2 \Y
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\Y,

\%
NA (no wseful answer given)

o0~ W

From the tableseveralremarks of NA (not available) in the scalevere markedvhen the
informative feedbacks from the subjects regarding the questauid not be gathered his
happened when the subjects still could not prgpenderstand the questions after several
attempts of questions restructuring, or the experimenters failed to interpret the responses
given to the questions, or simply because the subjects were not being collaborative. For
instance, Subject 2 was not giviggod cooperation since the first phase. Yet, the same thing
happened during this subjective assessment session when she was not responding reasonably
for some questionsThe nursing home staffnentionedthat she probably had a bad day, and
maybe becausshe did not appreciate the idea of being the test subject. On the contrary,
Subject 6 was being very responsive to the entire questions asked and sufficiently
collaborative during this assessment. The only issue was she could not apprehend some of the
guesions and for that she misinterpreted them. This resulted in uninformative feedbacks to

some of the questions.

In terms of the functionality, the feedbaaks Q1 shoved that the participants managed to
sense the haptic stimuli adequately, as 4 overticgants (66.7%) gave the higher scales of
at least 4 over 5. However, they certainly needed more time or more tramiggt
familiarized with the device system/features. Thiss proven when only Subject 2
mentioned thashe understood wetin how thedevice worled inQ2. Itwassupported by the
next question (Q3) when the majority agreed that they could perform/nabejteewith the
device if they were given appropriate and sufficient trainingsen again, here were
exceptions to Subject 2 andvwéhere they could not clearly state if thegpuld perform better
after familiarization. Nonetheless, based on the observations of overall perfornianees,
quite certain that Subject 2 could perform better after a proper trainingvieas aoubtful in
the case of Subject 6.

Encouraging resultsvere revealed in the comfort and wearability segment, whergasd
evidently shown that most of the questions were given excellent scales. The feedbacks for
this segment by some means represittite justificaion of improvemenmade to the current

prototype, since thessues raisedrom previous prototype were expected to be undertaken

168



and solved heregspecially from the comfort and aesthetic perspectives. Thus, the positive

remarks in the mentioned aspeciatigely indicatel the accomplishment.

To be more specific, Q4 to Q6 genuinely exemplify the queries on the device comfort as a
complete prototype. Due to the long hours of use during the wayfindingastsurely
essential for the device to sit propedyn d comf ort ably on wuserséo
feedbacks for these three particular questions vatidhtd therevasno discomfort issue of

the device. In addition, Q&as brought up intentionally because the hard case that cehtain
most of the elecbnics and hardware components might disturb/annoy the wearers. Yet, the
feedbacks for this question and supported byckéfied this hesitancy, where383% gave

the scale of 5/5 in Q&nd 100% approved that the hard cdge not bring any pairwhen

wearing the device (as shown in Q9).

Equally important, one of the main criteria to ensure the comfort of wearable devices is it
should not constraint the normal bodily functions of the users/wearers, such as
movement/mobility and physiological abilitidsgabilities, aside frormot stigmatizing the

users withtoo obvious artifacts. This crucial point is answered after all the subjects gave the
lowest scale of 1/5 to these three -suiteria: attachment (Q7), movement (Q8) and harm
(Q9). It means that thdevice is not excessively noticeable, it does not move and limit the

u s emosetnents and finally it does noduse any form of pain when wearing/operating it.

All the questions asked and feedbacks given in this particular segment hlidiettner or

notthe comfort aspeatiastaken into consideration in the design project. Thus studycan

affirm that based on the results shown here, the device is adequately comfortable to be used

by the target users.

The final segment for this subjective assessmaston the usefulness/utility. Here, we asked

two forthright guestions about the subjectod
Although loth the questions (Q10 and QXBgdtheir own distinguistd probestheyshared

the common objectives to alw attention to its likelihood to be further developed for
commercial use. Thus, they were equally essential to be retorted by test participants.
Acceptable feedbacks to both questiarese receivedvhere three subjects rated the higher

scale (of at ledast/5) for the Q10, and four subjects gave at least 4/5 in Q11. Furthermore, in

this casethe studydid not take the uninformative feedbacks as an individual response to be

counted into the success rate. Therefore, 85%e subjects (cumulative of 25%rf4/5 and
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50% for 5/5)approved the device usefulness (exclusivBufject 2 and 6 for Q10) a®d%
(cumulative of 20% for 4/5 and 60% for 5/&)reedthat they werewilling to have and use
the device (exclusive ddubject 6 feedback for Q11Jhis is apositive indication that the
subjectssanctiornthe possibility for the device to be commercialized.

The whole data collected for this second Uad been reported, but as mentionede
researchenlso conducted interview sessions with the sthffhe nusing homes after both
the phasesvere completed. Thus, the further analy@spresentd in the next subsection,
demonstratinghe feedbackfrom these interviews to support and further justify the gathered

results for this test.

6.2.4 Further Analysis and Conclusion

In general,the studymanaged to obtain the encouraging information from both phases,
despite thenumber ofissues faced. Yet, from the interview sessions with the staff of both
nursing homestwo more important argumentsere highlighted (1) relatingto the device
system, mainly on the addelatingto;m ads edrgo6 f foa nwialrid
of the device. Tdegin with, as stated earlier in this chaplber second prototype was built to

be worn as a belt with the tactile plisys positioned on the waist, based on the previous
findings of the first Uwas added $dahis new pratotypgeg o f o

because it could bmore assistive in navigating a more complex route.

However, in this testhe studycould rot carry out the actual navigation test like before
Hence the practicality of this specific additional functiwas not fully assessed, ambt

being questioned Having said that, the comments received from the interview sessions
helped to at least prode the useful informatioron this matter. For example, a physical
therapist from Fondazione Casa S. Giusep@nlus Genera in Gazzaniga stressed that the
dementia patientarere usually unable t@ope with the complex device tchnology, thus
asking then to practice complicated tasksould not lead to a positive outcome. This is
simply because they will require more time to learn and remember how the device works
before it can actually be used to help them. Along with this argument, she added that the
haptic signal on the back to tell the person tofgawvard could not bef much help, and

conversely itouldlead tomore confusion to the patients.
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This was alsoagreed by the physical therapist from Genera Societa Cooperativa Sociale
Onlus nursing home Bovisa, where she pointed out that bringing any cause of confusion

from a therapeutic interventisshould be one of the moatvoided elements. To support her

debate, she posited that in the course of navigation (either indoor or outdoor), going forward
wasan impulsive and instinctive action. Giving a situation where an individual is undecided
where to go or which turn to take, he/she tends to go forward until he/she receives the next
directional hints. This is applicable for our proposed design praybetre shéhassuggested

that the o6go forwar dod andexcessive, sinsemaycansetthe w u nn

usersodé misjudgment .

The second argument on the importance to provide a proper training in getting the subjects
familiarized with the devicefunction is also justified from the interview sessions. The
physical therapist from the nursing home in Bovisa raised this concern since some of the
participants from this nursingomedid not perform satisfactorily, especially in recognizing

and understading the haptic stimuli as forms of directional signal. Failing to recognize and
understand these signals resuliedhe poor navigational performance, as revealed in the
simple navigation test. For that, she recommended for all the subjects to beagiven
appropriate training (approximately halflay) to understand and successfully use the device,
since shepredicted that mostof the subjects recruited from this nursing home could
eventually demonsite better overall performance after the familiaraati

Once again, this matter was also brougtn the interview conducted ithe nursing home
in Gazzaniga. The additional comment given was importance ofgetting the users
habituatedvith the system, but making the learning process easiesevenmore vital. This
is because patients with dementia are known for their reduced interest to learn new things
[19] [20]. Thus, keeping their interest by providing theper trainingto learn the device

function(and maybe with the injection of fun activities) helps to maintain the continuous use.

Additional important point to be highlighted frotine interview sessions @ the agreement

of wearable devide s pangbhi awwrser sé6 body. Both agreed
provides a | arger o6workingdéd surface and suit
considered to be one of the most unobtrusive areas of human body for wearables and for the
hapticfeedlack, making thehaptic recognition to benore intuitive. However, he only

comments given on this aspect were on the sizing and aes#isgigcts Although this
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wearable device was designed to fit most of the body size since thealselitade of elastic

fabric and the lengtivasadjustable, there could be some users who might not fit well to this
universal size. When this happened, another discomfort issue might occur and the device
could not work as how Mvasenvisioned tde, probably because thactile displays would

not be placedtthe appropriate positions. The suggested solution is to provide several sizes

for this device, similar to the available sizes for clothing, specifically for the belt part.

Moreover, they also mentionedbout the overall physical look of the deviceFor
commercialization purposé,is the first thing that attracts the buy@astentionin purchasing

it. In the case of this proposed concept, etlfeugh it is intended to be used mainly by
individuals with dementia, they @bablyare not able to purchase this artifagtthemselves.

For this reason, the device should dempleasing to attraeind convince the potential buyers
(could be the spouses, family members or the nursing home mantgeérs) it. Besides,
making thedevice less noticeable is also a crucial point, as to avoid stigmatizing. In fact, this
is one of the criteria to incorporate technology for people with dementia, as recommended by
Rosenberg, Kottorp and Nygaf@a88]. The mmbination & comfort, excellenyetdynamic
features, and aesthetically pleasing appearanltesurely guaranteghe success adlevice

design conceptAt the sametmémay i ncrease and maintain use

the device on regular basis.

To condude, the proposed design concept has significantly improved since the earlier stages
of its development and the assessments conducted for the second time using the second
device prototypeelucidatethe achievement of the design projetits current stag. What
madethe reassuring findings of the tests even worthwivas because it was conducted

the primary stakeholders of the proposadtervention That being said, as much as the
encouraging outcomes from the results and analysis of both phasesesérasntin this

second UTare important, the critics attained and arguments brought up are indeed more
beneficial for thduture development of the design project.

This is apparently the principkotivationof UCD and UT combined, where the users are
positioned in the heart of design development process, and the evaluation allows the
collection of data in identifying usability problenj816]. The recognition of usability
problems from this test will besed for futher evolvement of the design concept, while

simulatenouslyenhancinghe design process by means of diminishing the unnecessary and
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recurrent issug occurred. Thereforghe studycan summarize that the proposedsige
project does not end here point of fact, bottcritics and credits attained from this second
UT contribute the weights amatovide motivation for further work on this project. Hoxee,

at the same time, the studfould also bear in mindhe limitations of any developing
research, which are due to the restrictions of time and resourcethig-gasonthe study
suggestto put a holdon the further development of this project amddonclude all the

collected findings as a complete reseathpresent time

The next chapteeventuallysummarizes the study in compliance with the present phase of
the design project and presents all the required aspects for if it were to be fuvilepele
and commercialized. It theconcludes the research and provides the recommendation for

future works.
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7 Conclusion and Recommendation

7.1 General Reflections

The study has revealadanyfindings from this thds writing, startingwith its theoretical
constructs anending itwith the series of conducted evaluations for the proposed design
project. The main research questibrhow to explore the possible ways to improve the
wayfinding ability or lessen the diffulties in outdoor navigation faced by the older adults
with cognitive impairment, through the design and technological standgoihts been

justified, by accomplishing the corresponding objectives.

The synthesized conceptual framework that exereglithe collective reviews of related
works helps to strategize the subsequent research plans. In the beginning of the performed

reviews, the study exposes the significance to focus on the research topic, mainly due to its
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pressing needs. The increasing temof aging population each year and the accompanying
implications are not uncommon and have been addressed in many dxitiagof works.

However, the specific issue thatemphasized in this study is still lacking.

Based on the reviews of relatéteratures, there werenot many studies focungy on the
amalgamated issues caused by the cognitive impairment in eldsgpeciallyfor their
declinein mobility domain Even if there were, the numbers were insufficiant more
importantly, there we&r no great attention given to the knowledge of design and technology in
providing the possible solutions. As discussed profoundly in Chapter Two, the mobility
issues are prominently associateith several other factors navigationability and spatial

skill, as well as the sensoacuity. If the studywere to highlighthemagain, all these allied
factors arancreasingmore obviouly in accordance with the age and the progression of the
disease, namely dementia of AD type. What makes the condijigravéed is whenthe two

most requisite sensorfaculties for wayfinding i.e. vision and also daring are the most
affected inthese individuals. This is one of those critical points that amplify the need to

expeditiouslyfind the alternative solutions.

From here, the study introduseand explore the uncommon sensory for navigational
purposes, which is the sense of touch. One of the biggest motivations thathesstidyto

go further on finding out more on the potentials of haptic modality for wayigngi mainly
on the fact that the older adulisith or without dementlamay notbe able taely on these
two most impaired sensorfaculties Apart from that, it is founded othe distinctive
characteristicof haptic/tactilesensory systentself. Theseimpulses have been profoundly
vindicated throughout the integral review of the correlated existing literatures.

The potential of haptic stimuli asform of wayfindingsignalshas apparently been studied by
several previous scholars, and has been rezed to give an encouraging outcome of
interventions. However once again, the previous studies did not targdtemspecific
population and due to this, the issues touched were diverse. Here, many of the lea@énag

of works were focusing on using fitec to help the wayfinding of visually impaired persons
and a very limited number of studies that essentially focused on those with cognitive

dysfunction.

175



In addition to this, the implemented approach in seeking the solutions to the raised issues
explidtly from the angle of design and technology is not ordinarily encompassed for this field
of research. This makeke current study even more judicious and stands on its own firm
novelty. On that accounthe studyexerted this knowledge and outlined aide project to

befit into a form of (therapeutic) intervention for the probed case study. The proposed project
that was evolved along with the several phases of developmasalso used as a tool for the
series of assessments. This flow was clearly ptedstarting from itsinitial conception in
Chapter Four, first prototype development in Chapter Five and the its further development in
Chapter Six.

The conducted series of assessments were by some means a way to clarify the questions and
to materialze the linked objectives of the study. The design project needed to be developed
and assessed periodically or by phasesordingto its level ofreadinesgcompletion. Also,

these assessments served dissimilar purposes or aims, and for this reason sliffasgyy

was used in each one of them. For instance, the first assessment performed in this study was
a survey and it wagimed to evaluate iesarly concept. The investigation on the feasibility of

the proposed conceptasimportant to determine therther actions and the continuations of

this project. Due to thdifficulties to require persons with dementia to answer the set of
complex questions structured in the survélye researcheenvisioned to receive the
feedbacks on the conceptual desigrih®yindividuals who mostly understand them.

The researchereceived the overall constructive responses and comments from the
medical/clinical experts as well as professional aodprofessional caregivers of dementia
over the proposed concept from thevey. But, the most significant indication was on the
viability of using haptiefeedback as a modality of assistive navigation to help the wayfinding
of people with dementia. This encouradbd researchedp further perfecting the conceptual

design andlevelopingthe functioning prototype.

After the first prototype was completeglith referenceto previous findings the actual
assessment grounded on the principles of Usability Testing\id$)carried outlt was the

very first time the researchemanag@d to conduct an experiment on the subjects that
represerdd the target group of the intervention. Evaluating the whole usability aspects with
the actual userprovidedtruly useful information on how the assistive technology tias

conceptualizednight help thér wayfinding in an outdoor environment.
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This first UT also allowedhe researcheto observe the navigational performance of the
subjects with the device and at the same time gadiiee importantfeedbacks directly from

them. From the assessmemmost of the participants demonstrated the acceptable
performances and gave positive appraisals on the concept, despite some concerns largely
affiliated to the wearable aspects of the device. The subsequent design development was
intended to improve andoncurrently rectify what was lacking in the design of the first

prototype.

Founded on this basishe studyendured the design project with the second prototype
development and conducted another assessment of usability, atfaithevsubjects who
representedhe real users. Notwithstanding, this UT was concentrated more on the qualitative
analysisthanfrom its subjective assessment, as additional navigatiowé#sshot performed

due to some limitations. Then again, the subjective assessment wasntdpp/en more
critical and reasonable. Thiwas because the key objective here was to evaluate the
wearability of the device prototyp®hile the previous navigatiotests had already verified

that the subjects with dementauldaccept the use of hapsignal for navigation.

The secongbrototypedevelopment and its measurements brotighstudyeven closer to the
pointwhere strategiesn the actual production of the assistive navigation desicdd begin
provided that several other concemere redressedThe studyobviously needed to put an
end to the current studyased orthe provided availabilities anghgovernable obstructions,
but it did not mean the design project spaplhere. Likewise, the entire series of performed
assessmenexpourdedthe potential of it to be further explored and finally commercialized.
Therefore, for the commercialization and mpsesduction purposes, it is appropriate to

deliberate its potential markets as accounted in the next section.

7.2 Commercialization

In tems of market segmentatiothe study hapreviously mentioned about the stakeholders

of the proposed intervention, to be precise in Chapteur, which comprise of different

levels of users. These stakeholders are apparently the direct and indirectfubersievice:

(1) direct or primary users are the older adults with dementia and (2) indirect or
secondary/tertiary users are the caregivers, managers of nursing homes and medical experts

of dementia.
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Whathas beemproposed for the design project in faesembles the whole intact structure of
intervention that involves these stakeholders. This structure requires the members to
complement each other and it may not be efficient if any of the stakeholders does not
adequately contribute or play the role. &% example, even though the primary users of the
device are the persons with dementia, thray not have the purchasing power. Instead, the

secondary/tertiary users are expected to do the buying of the device on their behalf.

Besidesthe study hastresed that this intervention is quite uncommon for the people with
dementia. Due to this and also from tlesults of thdirst and second UTs, it is convinced

that familiarization is absolutely an essential criterion in determining the attainment of the
intervention. Herethe studyproposed that before the dementia patients can use the device on
regular basis, they should be given a proper training. The training could be provided from the
institutions level (nursing homes, hospitals or even from homeshdiy ¢aregivers. This
supports the necessity of contributive collaboration among all the mermbehe said

stakeholders.

The use of this device is very likely to be extendable to a larger market or bigger groups of
users. One essential point is thae tevice does not require any visual and auditory
interactions hence it may also be appreciated by the users with visual and/or hearing
disabilities. Secondly, the device is purposely designed to have a simple interface, so that
even the real target useneednot take long to learhow to use it. Thus, the uncomplicated
functionality of the device could also be valued by the normal/healthy elderly and those who

are not really into gadgettse cahnide 6c uprerresnotn st.e c h

The mainstakeholders of the said structure that consist of the primary/secondary/tertiary
users, aside from the extended users as preceded above typify the market segmentation of the
device and the proposed intervention strategy altogeth&he study haspreviousy

deliberated on the importance of the aesthetic aspect of the device,isvaisb one of the

mai n ai ms for t he d e,vas presgrded in wetdil hne chaptekr 6y e | o p
Nonetheless, the more crucial aspect that justifiesati@nalityto conmercialize the device

lies upon the features it offers.

At present, the evolution in the trend of applications for the navigation systems in particular

for the pedestrian is eviderdnd consistent with the universal rapid enhancement of

178



technology. Also,the inexpensive current wayfinding methods make them even more
pervasive and allow almost everyone to have the possibility to choose any mode/system of
navigations they prefefrom the variety of GPS devicés the numerous mobile navigation
applications Against this background, the primary intentiorthed proposed project is not to
utterly replace these existing and already established wayfinding strategies, but it is more on
providing another practical optiolAs what the study hasmphasizedearlier on the
functions of this deviceit doesnot wish to compete with the current indoor or outdoor
navigation interfaces, since this device offers different purposes.

First, the users rely neither on visual displays/cues such as maps nor audio sigmas s
voice commands, like the ordinary wayfinding methods. Instbéadpproach still allowthe

users to be alert to the (outdoor) surroundings within the route of navigations. The complete
and vital concentrations to travel specifically in a complatdoor environment will not be
distracted with the obligation to simultaneously focus on visual/audio signals. The haptic

signals given to the users are intuitive and may result in an affective wayfinding.

Secondlythe study hagresented critical judications on the practicality for the device to be
wearable. The devicalready has a simplgetintuitive interaction, yet having it in a
wearable form could even minimize its complexity level as low as possibleh is
purposelymadecompatible forour target users. One of the additional advantages is that the
users do nohaveto carry this device like the mobile phones or other everyday gadgets, since
they can comfortably wear it like an accessory. This at the same time reduces the potential to

misplece or lose it.

On a different note, the device is a stahohe product by itself, which means it does not
require the integration with another product. However, the caregivers of dementia patients for
instance, may need to monitor them for some saéagans. For this reason, the device may
be connected to a mobile application that tracks their current location and activities, in order
to assure their safety when travelling and being in an open outdoor environment

unaccompanied.

Furthermore, to keeppuwith the current trend and also for the commercialization purpose,
thisi nventi on HANDa@Il ( e do r damd); mached after the ecronym of

O6Wearable Haptic Assistive Navigation Devi
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inttnkd as a Ohel ping handdé by means of aiding
any product or device can make it into the retail market, a comprehensive analysis of market

research and planning need to be performed beforehand.

The concerning aspecinclude the advancement strategy and manufacturing, production
cost, supply chain, and time of release. This is to realize the goal foipnoasstion, while

at the same time ensuring that the device can beas@dow price so that it can reach a
wider range of consumers its development stages, the project was given a limited financial
aid of approximately 500 Euro for the prototyping purposes \thsconsideed & the entire
direct and indirect costs for both prototype developments). Then,dlgaistudyhopes that

the manufacturing cost can deasticallyreduced, due to the larger volusna production,
andmaking the retail price lower than 100 Euro for one unit.

Finally, during the completion of this thesis writirthe researcher ialready in the process

of filling the patent for this project. Thus, after a legitimate analysis of potential market and
commercial value, the devids expected tde ready for retail within the following 3 to 5

years. Nevertheless, even after all the abneationedthoughts of the potential markets,

there are alwaysountleshallenges along the way. This is not unusual in any design project

or product design and development processes. Thus, the next section discusses on the
challenges and the possiblewgans to all the surfaced problems and limitations in general

on finishing the present study and in particular on establishing the design project.

7.3 Challenges and Possible Solutions

Designing a product is completely an intricate yet iterative probesss the development

gets closer towards its goal, then only the requirements and clarifications of the artifact can
be wellrefined. In addition, having a proper design determines many of the prospective
production configurations, since it is one of ffrenarymeasures before any conception can

be forwarded into the manufacturing ph§&29].

Uhdoubtedly, there are many sensible physica
available to the desmgrs and can aid them in making the effective decisions even from its
initial stage. The awareness of design problems early in design process greatly influence the

succeeding aspects in the later stages that include manufacturing, costing, market placemen
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and so forth, while at the same time reduces the unnecessary reiterations. These are the
fundamental keys in achieving the successful design project, since the whole design process
could be more proficient and seamless, as agreed laather scholarsvtho mentioned about
theproduct design principlg829] [330][331].

This study doescknowledge and espouse this evidence timaesearch. That being said,

the present studgnostly follows otherdesign principle that iakin, namely UCD sincehe

study goal meetgs recommendeduidelines. The first @ad foremost criterion of UCD is

placing the actual users in the core of design prodds®8ut then again, this is where the
biggest challenge dhis design project emergeThis matterhas been disclosed the earlier

chapter, to be precise during the discussion on criteria and limitations of UCD (Chapter Fiv
5.3.1). Even in that subsection, the issues and restrictions encountered during the assessment
were highlighted morebut the fundamental challenge remains, whadncerns the

participants or the target population of the study.

Firstly, the studiesothe people with dementia or those with the deterioration of cognitive
domain in generakretoo oftenbeingadministered by the scholars in pharmaceuticalitsnd
correlated backgrounds most of the tim&levertheless,hie founded approach the study
proposedis perceptibly peculiar towards this area of research. With that said, it concurrently
triggered off the primary conflicts or strugglébe studyhad to run into, since the topic is

seemingly out of the norm fdine researcheas industrial desigme

Due to this reason, the studgeded to borrow many of the contributive fdobsn the health

related fields, mainlyregarding the statists, methodologiesand even the previous
interventionsto complete the present studdowever, looking on the bght side, this
challenge is apparently reversible for its own unique advantage. Conducting a study on the
similar topic by different field may result in providing the alternative and equaitynificant

finding but with different perspective. Also, itiils some way augmented the importance to
carry out perform this study because of its inventiveness quality as well as the noticeable

dearthon the topic

The second most apparent challenge linked with investigating on this specific population is
due to heir known inabilities. Older adults usuaiiill experience the gradual decreasing

capabilities to communicate appropriatdly63], and in rational thinking andalso to
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remember thing§332], as a biological result of agg, sensory loss, and memory declines.
However due to the cognitive impairment, older adults with dementia manifesiettiming
memory andoehaviouralchanges and ability to think clearly because of the neurons failure.
Thus, the incapability to communicate, aside from the decline in verbal memory, inductive
reasoning, numeric and verbal abilities became even more obviousalbethe firg-hand

data gathering, mainlgn thesubjective and verbalssessmentsom these individualgp be

veryformidableand almosinconceivable

This matter can be a real challenge especially during the assessment pi@sesthe
assessment wanducte on the actual populatiowithout any intervention. Irthis study,
therewerethree main phases of assessments performed in total. Due to the aforementioned
issues, the first (or preliminary assessment) was executed without the direct engagement of
peoplewith dementia. The reason beimngas principally due to its complex questioning
structure, which required the respondents to not only rate their answers but with adequate
solid reasoning. This is exactly the incapability and difficulties of people witredan For

this purpose, the survey was answered by the individuals who mostly deal with them instead,

aswasrevealed during the explanation of its procedure in Chapter Four.

On the contrarythe second and third assessmdrgsame slightly smoothefhe tests were
equipped with the functioning device prototypes that were used by the subjects as the
apparatus. Even there were also subjective or qualitative measurements involved in these
assessments, but in the sectfidespecially, the precedence wasits quantitative data and
analysiswith regards to the navigational performances with the device prototype. Besides, the
guestions asked to the subjects were not as intricate as in the first assessment. Likewise,
having theprototype exceptionally helpeatlie observations by the experimenters towards the
reactions, performances and acceptability of the suhjectddition to the whole usability
aspects of the desigroncep. Therefore, the involvements of actual target population in
these two assessmentere highly plausible and appropriate.

Another related challenge is on the recruitments of participantthéolassessments. The
studyhad hard times to recruit and find the adequate numbérsily, the respondentfor

the survey (preliminary assements) and secondly, the subjects for botHJfhe Whatthe
researchercould suggest fromhis experience of conducting these several phases of

assessmentsvas the networking and connection with the responsible institutions or
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organizations. Having strgnconnectios and etablished networks from the higher level
(such as the natiaf/state association of dementia), to the medium Idgeir{stance nursing
homes, therapgentersor the hospitals and finally the individualevel (like medical experts,
physiologists or therapigtscould smoothen the assessment processes, makingre

productive, while at the same timeducel its overall time and energyemendously.

Then again, even with the appropriate networking and connections, the other faictad

to the problem of recruitment is probably due to the hesitation on: (1) the relevancy of the
proposed project and (2) the expected level of comprehension of dementia patients and their
reactions. Whathe studyproposed in the design project is tiee of alternative modality for
wayfinding is rather new and unconventional for most of the people. Yet, the persons with
dementia are presumed to not perceivieut they reacted well tahis typeof intervention.
Therefore, the proposal should be accanmed with concrete justifications, grounded with
sturdy facts from the existing achievengnn similar interventions arngromising expected
outcomes for the target population. This way, the prospective institutions could be more
interested to collaborate the project proposed.

On a different standpoint, the external challerthesesearchdaced in completing the study

are the time and resourdastors These are the common disputes experienced by most of the
researches. The research process wpeated to flow effectively and steadily, to meet the
limited time allowance so that the allocated financial support could beowgghized and
utilized. But, keeping the productiyet-constant research momentum was not an easy task,
since the study alsdealtwith human factor. Therefore, acquiring the excellent strategies
with the alternate provisions along the duration of the study could help to systematize the
research progress anuhintain the flow. In Table 7.1he challenges/issues and fiassibe
solutions for both of the design project and the entire sty debated earlieare

summarized.

Overcoming these challenges by means of providing and following the plausible recovery
plans allow the researchersdarry onwith the following researchonducts. For this study,

the following activities founded on this reflection somehow bring the study closer to
achieving the research goals. This aspect is indeed discussed in the next section, on how the

aims of the study are accomplished.
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Table 7.1: Summary of Challenges Emerged and the Possible Solutions

CHALLENGE POSSIBLE SOLUTIONS

1. | Research topic and studies on the people \ Adopt the knowledge érm existing studies and
cognitive impairment are greatly allied wil proposedifferent approach in seeking the
healthrelated fields. compatiblesignificantfindings.

2. | Incompetency to adequately communicate ¢ Firstly, target on differengroup of respondents
project solid reasoning by older adults wi (who understand/deal with them the most) to
dementia. answer the more complex questionnaire.

Secondly, provide the functioning prototypes for
the tests, so that observations and quantitative d
can be gathered.

3. | Recruitment of the padipants for the Firstly, establish good networking and connectio
assessments. with the prospective institutions/organizations.

Secondly, equip the proposal with solid
justifications, sturdy facts from the existing
achievements and the plausible béaiaf
outcomes.

4. | Limited time and resources. Provide the dynamic general and specific
schemes/strategies to structure the research
progress and maintain the productive flow.

7.4 Achievement of the Objectives

The current study is unquestionably moreart about designing and developing a
product/device that iplanned/calculategfemeditated to cateto the critical issues of
wayfinding encountered by the target population. As highlighted several times along the
thesis writing, the design projectdseanly the toolor platform to either authenticate or falsify

the hypotheses and research questions manifested in line wiihtéimsive analyses of
previous works. Yet, these queries could not be countered without fulfilling the objectives of
this study. Neessarily, the fitting strategies should be carefully framed, so that the required

activities can be wekkxecuted afterwards.

Research objectives are important because they are apparently the bridges to answer the
research questions and provide theessary list of tasks to accomplish the overall goal. For

this reason, objectives should be clearly defined and assertive, so that they can guide the
identification, investigation, and measuremehseveral variables in a study. In a nutshell,
objectives isualize what and how aims could be accomplished. This is the reason why they

are stated early, in the beginning of the research cofRR&}
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For the present study, the principal objective is to seek for possible ways to improve or assist
the wayfinding disability of older adults with dementia by means of analyzing the interrelated
causes of this specifateficit. And certainlythe study wasooking atthis subject matter from

the view of design and technology. Hence, critical decisions on selecting the appropriate
methods/strategies to achieve this main objective are unambigdlioeistudy hagnitially
presented the idepth review and analysis on the worrying impacts of the increasing number

of older persons affected by this neurodegenerative disease in general, and the fact that the
disability to navigate independently as one of the most obvious prsldeced by them, as

well as it is known to be the early indication for having the disease.

Besides, the interconnected problems under the domain of deterioration in mobility
experienced by people with dementia resultec mumber of destructive connditans. It

does not solely impair the spatial navigation skill, but also towards their daily life that include
the poor performance of ADLs, low quality of life, poor social functioning and increasing of
burden and expenditure which lead to institutionséiiea On top of that, most of the
dementia patients are among the elderly, thig studystill stressed on the expression of
6ol der ad this stidycovds to @ssaciste and emphasize on the issues of cognitive
and spatial skill deteriorations thi the ageing factor. This is because, aside from the
worsening of cognitive decline, age iscamparatively significant factor for the mobility
problems. Yet, the changes of senstagulties are also the consequences of being old,

makingthe underlinedssues even more noticeable and wortkestigating.

Once the backgroungroblem hadbeen addressed, the research moved further into the
analysis of previous works that partially touched on the strategies under the keyword of
wayfinding/navigation/oriemtion. Again, the priority was still within the scope of design and
technological approach. As expected, none of the reviewed literatures fesastigon the
saidissues . For this reason, the analyses were systematized into several phases and based on
their relevancies. In Chapter Two, the reviews started with the existing wayfinding strategies

in general, and went specifically into the related assistive technologies.

Prior theoretical analysiBom deliberation ofvariousavailable literatures on ihhthemegave
the reseacher a clearer view to execute the necessary actions in the research investigation
But, another strategy was needecagtomplising the overall goal. Thisvaswhere the sub

objective delivered the task, sincenMaisaimed to realie the plausible solution to the issues
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raised. From the performed reviewie studyunveiled the dearth that needed to be
concentratedn and finally filled. Fromthis point scrutinizingdeeper on the potential of
haptic modality for navigation, deviceearability and both in combinedegan The
disclosed gap from the previous works by some means initiated the exploration of the

aforementioned potentials and at the same time pitbtedesign project proposal.

Here, the exact goal of the suobjecive, which is to conceptualize a new form of
navigational assistance to assist the wayfinding of older adults with dementia, becomes even
justifiable. The design project is certainly a part of the methodology of the present study. It is
a medium to verifythe theories foundke- atool for the series of assessments and finally the
strategy to accomplish the overall goal. The project has also confirmed that the design and
technology domaiwarrythe comparable weight to overcome the issuesdteaiften tacked

by the more common field of research i.e. heediateddiscipline

Having a clear defined objective is extremely crucial in order to achieve the appropriate
solution to a targeted problem, sincadtentuates and better schematizes the strategies
actions that the researcher needs to follow. Accomplishing the research objectives is certainly
the principal criterion to produce promising results for the evidéased practice. In some
manner, the objectives dfiis study are fulfilled by meetingoth the theoretical and practical
compulsions. Thereforghis studycan claim that the main objective and its -slijectives

projected as the goal of the present research have been entirely achieved.

Usually, in between the understanding of the prospegians and the acceptance of these
conducts, there aneonobservances or noncompliance of routines / actbramy study or
project, andjivesa perplexingtime to those directly and indirectly involved. For this reason,
the stakeholders, funders anecsion makers who are engaged in a study should be aware of
the feasible results of intervention and what the study may ultimately contribute. Essentially,
there isa fair connection between the goal establishment and the contributions of research,
since the subsidiary intention for achieving the goal is to contribute to the existing
knowledge. The research contributions for this study are therefore demonstrated in the

succeeding section.
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7.5 Research Contributions

It is the truth thathere is no absolute®rmula to succeeth fulfilling the requirement oainy
innovation. For this studyhowever, the expected outcomes of intervention could be
accomplished byealizingthe general and specific aims. In a broader viewsould be statel

that the conducted search has bestowed the additional knowledge to the area of assistive
technology and design for disability through the research goal establishment, in conformity
with the design principles formerly mentionédUCD, ID, UD and DFA. Again, this is

feasible hrough the interventiothe researcherojectedn the present study.

Setting asidehe mortality aspect, every one of us will get old sooner or later. Here, the
tendency for older adults to experience the decline of cognitive function and finalty bein
diagnosed with dementia are knowm be relatively high. Hence, anyone of us hegual
possibility of having the diseasespeciallythose who are exposed to the risk factors of
dementia are even more vulnerable. The common risk factors aside fromchgke ithe

geneticanake up medical conditions, lifestyle choices and all of thessoimbination

AD or dementia in general caudesmendous negatvemp | i cati ons t o someol
people around them. The fact that there is no definite rermeaijable makes the situation

even more severe. However, as previously discussed in the first chapter, even if the disease
cannot be completely cured, its progressions are likely to be decelerated, both with
therapeutic (pharmacologically or not) inteniens and preventive approaches. Than

reduce its damaging affects to the suffestrthe same time

In view of this, the feasibility to delay the development and minimizes the consequences of
dementiais imminent Then again, the approach used issosably different, because first

the study isare lookingat the nonpharmacological approach and secondly, the intention is
more on reducing the life dependency and burden of caregiving. From the principle of

assistive technology, this is indeed the kegnponent of what it serves customarily.

Like the previous successful ngharmacological intervention strategies, this approach in a
rightful manner, may provide the beneficial outcomes compatible to the pharmaceutical
method. The weakening of spati&ilsor wayfinding ability as a whole, is one of the most

reported, conspicuous and usual deficits in dementia cases. The present study takes the
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opportunity to highlight on this issue, mainly due to the noteworthy eventual impact of

intervention.

This study widens the applicability of the naltugs approach from the nonedical
perspective, and at once proves its relevancy to ¢atdre manifested issue. Here, the
leading contribution is consummated through the design project. The development of
weardle haptiefeedback assistive navigation device, grounded from the performed series of
assessmentsffers a tool to assist the wayfindingtbetarget population. Although there are

still handful of research works to be done to perfect both the projetttlze entire

intervention, the current study portrays #meouragindikelinood of this exploration.

In terms of the field of interesthe studyaccomplishedhe design project schemem the
valuable strategy to augment the independence of people dementia, aside from
minimizing the habituatiorof intensive caregiving. The contributions agtendedto not
only the individuals with dementia, balso the social systenThis is primarily because
spatial navigation skill is interrelated with the loildy and eventually the autonomy.

Improving the ability to navigate leads to maintaining the good mobility, while
simultaneously allows these persons to execute and preserve the performakibé of
independentlyfor as long as possible. This is inns® way resuéd in keeping heir good

quality of life, an important factor of survival for those affected by this disease. However, as
preceded above, even with the promising outcomes and the remarkable overall research
contributions, the proposed intertem is not completely prepared to be implemented in the
real life without further and deeper eviderzgsed studies/investigations. The presentation

of this thesigndswith the reports on the recommendations for future works, in relttitre

presentesearch topic.

7.6 Recommendations

The undertaken study putmphasis on several issues and subject matiatsmay be
profitable for future researcfihere are maninsufficient evidences and information where
the studyfound deficienciesin the previousstudiesthat have been partly featured in this

thesis, but some other related matters remain lacking. Therafotieis section, several
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recommendations that would encourage masearchesn the related topicsare being

offered

From the research mpective the studywould absolutely encourage more future works on
the field of design and technology, mainly under the themes of design for disability or design
for disabled people, as well as the assistive and wearable technolofespresent study
highlightstheseresearch themes provide the alternativget-compatible approaches to the
commonly performed studies in the topics associated to elderly, disabilities, therapeutic,

health and promoting wellbeing in general.

Then again, the goals dfis study could not be achieved by solely taking into account the
perspective of design and technolo@ye needo referto the studies that stressed the

target population (elderly with dementia) and the associated subject matters from the health
relaied field of researchvas pertinentoefore the proposal of intervention strategyould
transpire Thus, thoughhe study hasonducted sequence of validations to authenticate this
alternative approach, more eviderz®sed research works that could posstibnd both

fields should be further promoted.

To establish these mudtiisciplinary studies, the researches should embrace the knowledge
and exercise the investigations frdooth therespected disciplines. For instance, the data on

the numbemnf physica | vy di sabl ed persons and the most
would help the designers to plot the dessgiutions Likewise, in this study, precisely in
Chapter Twothe study hapresented the profile of changes in the most important sensory
faculty for wayfinding in older adults with and without dementia. This information was
gathered mainly from the previous literatures in medical and neuro sciences, physiology,
gerontology and so fortAhen it was adopted bthis studyto propose the desigmroject and

it also may help future works in the raredical disciplines.

In additionto this whatthe studyfound lacking in order to promote the medisciplinary

studies in this topic is on the factual and direct comparison between the declines of
wayfinding abilitydue to: (1)}he age andeverity of dementiand(2) the sensory changes or
impairments. As an examplinhe study hasnanaged to find some literatures concerning how
the personsd spatial skill i sindigidudlly, out ot d u e

combinedtogether
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And again, there is no direct relationskijat shows the graph ofcreasng age and dementia
progression, as well aensory changewith thepa t i evayfindidy decline. The profile of
sensory changes mentieh@bove is somewhat generic and not specifically illustrates its
connection towards the level of deterioration in wayfinding. Theleppth studies that
highlight the said associations, among other things, would help future researches to specify
the intervation of what works in which level of cognitive impment (or dementia stages)
andto strategize the interventions for the persons with multiple impairments that combine
both cognitive and sensory.

In relation with this recommendatiotihhe studywould also promote more studies that equate
the navigational performances of people with cognitive impairment in both physical and
virtual environment. One of the established works in this theme is by Cuhsmafild2hl.

that validates the comparable gational skills by normal elderly and those with AD in
both settings. Then again, the comparison was made in the indoor environmentwvasich

known to be less complex and challenging as compared to the outdoor navigation.

This studyremarkably advocasethat the experiments of navigational performante be
carried out in a more controlled conditiarsing thevirtual environment. Based otine

r e s e a rexpdrience8 sonducting the tests with the dementia patients, theyl tene

more reluctant andasily agitated when they were asked to begin the outdoor navigation test,
not long after they were introduc¢éalthe device. But, in the virtual setting, the intervention
strategies (either with the prototype or noild be tested before they were bratigutside

for the actual outdoor navigation tesks.some waywhenthe subjectsould be properly
trained and mentally prepared before the outdoor tests, their caregivers would be more
confidentto allow these patients to participate in the tests, &ednteedless repetitions and
time wastagecould be eliminated. At the end, the whole process of developirey
intervention strateggould be more effective because the undesirable distractiens being
curtailed.

Finally, the evolution of the design gect until its ameliorated version (as shown in the
second prototype developmei) wherethe devices at the present stage had coimen a

long and challenging journey. While the results of the conducted assessments are convincing,
further manifestatios could be exerted in order to provide more selections of wearable

devices that serve the similarrpose- aiding the wayfinding. e numbers of studies that
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centralize on wearable device/technology are continuously growing, in line with the
abundance fotechnological advancements/ailablethese days. However, there is still a
dearth of exploration with respect to the topikbat have beermentioned earlier (elderly,
disabilities, therapeutic and health/wellbeing) and the integration with assistiveltsgks.
Therefore, due to their distinctive advantages, dbmbinationof device wearability and
assistive technologywspectsshould berefined so that it may be employedn varied

applications within the health and disability scopes.
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APPENDIX

PRELIMINARY ASSESSMENT: SURVEY

Description of Intervention

The haptiefeedback navigational tool is intended to suppbe wayfinding deficit in AD
patients. This nowisually and norintrusively tool ugs haptic stimuli as the signals, instead

of reading map or listening to speech instruction in the course of navigation. The signal given
by the device provides the simplest possible information, which is to go to left or right. The
uncomplicated features icrucial as it should support the remaining abilities of the users (AD
patients) and also to avoid distraction and confusion during wayfinding. For the ease and

practicality of use, this tool is meant to be wearable.

The builtin haptic signal will workefficiently for the users if it directly touches their skins.
Also, since this device provides the left and right inputs, it is designed to be worn as a pair on
both sides of (chosen) body parts, so that they will not confuse with the signals. This is
important, as even a minor interference may cause confusion to tiieerconcept of this
navigational tool may lessen their skeing in an open space, apérmits them to keep

their eyes and ears on the surroundings. With regard to this concept, tsiaca new
technique of wayfinding even for many of us, it requires the constant use for familiarization

and therefore delivers the promising outcomes of intervention.
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Design Concept: How it works
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