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Introduction to theCourse

The area of disability includes physical, mental, developmental andedated disorders. People

facing theseproblems encounter several major obstagleghich prevent them from seamlessly
integrating in society. Nowadaysiore and more of these people have their capabilitjegher

than their disabilitie recognsed and accepted by the general public. The rapid technological
advance of past decades has also triggered a dramatic progress in technology usage for assistive
and training purposes.

Since true inclusivenesand deinstitutionakation process pass throhgall the professionals
involved in the care of persons with disabilities, from the lowest levels to the highest ones, there is
an increasing need to integrate existing skillth new approaches and digital competences, able

to properly meet these new clianges. New and ufp-date training curricula need to be
developed to respond to the needs of care service beneficiaries and properly take advantage of
new opportunities offered by technologies.

The DD%ills project ains to develop analliance for provithg new knowledge, skills and
competencego Professionals supportinBersons with Disabilities and Mental Health Probleims

line with the dual objective of VEF & RSFTFAYSR Ay (GKS . NHzZAS&a / 2YYc
employability and economic growth, amdsponding to broader societal challenges, in particular
promoting sociatohesiog ®

DDSkilloffers aCourse Plagonsisting of 4raining Units

1. New Technologies
- Assistive Technologies aAills;
- Smart Home
- Robotics
- AugmentedReality, Virtual Reality
- BrainrComputer Interfacesand
- Green ICT
2. SefAdvocacy
3. SociaNetworksQ velépment
4. Therapeutic RolBlaying

The developed toolkits are innovative H3dsed training tooldacilitating complex problem solving,
increasing trainee@ngagement and fostering deep learning. They are opensourdkasanyone
will be able to use them for seléarningpurposes.
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How to Use this Handbook

ThisHandbookis the mainresult of the DDSkillsroject It has been structured in a way a8 to
provide the reader witha clear understanding over the specifi@aining units and enhance
his/her skills, knowledge and attitudes.

Thefour focus area®f the Handboolare:

1. New TechnologiefAssistiveTechnology and Aids, Smart Home, Robotics, Augme
Reality Virtual Reality, BranComputer Interfaces and Green ICT);

2. SelfAdvocacyand Technology Acceptance;

3. Social Network@®evelopment; and

4. Therapeutic RokPlaying

The Handbookargets specificallyprofessionals whosupport persons with disabilities ang
mental health problems but its input can alscaccommodatehealth care professionals i
general. It has been developed to give a detailed analysis of the designated units.

A professional cawomplete the course followingwo learning pathways as shown on the
graphic below:

Learning Learning

Pathway 1 Pathway 2

4 N\ 4 N\
Handbook Handbook
] (SelfDirected ] (SelfDirected
Learning) Learning)
. J . J
Classroom " Online Webinar
| Teaching | through MOOC
(FacetojFace (Online Asychronou 5
L Learning) ) L Learning) )

Both pathways usé¢his Handbookas a basis The study of the Handboadk based ora self-
directed approach as professionals are requested tead the Handbook indidually.
Simultaneously, they catake the course either by following the first pathway, through
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classroom teachindfaceto-face learning)provided by a traineror by following the second
pathway of onlineasynchronous learningn an online webinarthrough MOOC(Massive Open
Online Course)

More specifically, the two pathways are designed bteanded learning waysoasto providethe
professionad witha better understanding fadhe trainingunits. Having thetudyof the Handbook
as the foundation of the learning process (sdifected learning), the reader can expand his/t
dzy RSNAR G Y RA Y 3to-Fil KON dA K NyFALYGEE o6& | ( (L8ayhig
Pathway D 2 NJ G KNR dzZaAK & 2yt A py3akihgd MQUTKehiRingRattimsiay 3.

Faceto-Face Classroom

SeltDirected LEEUTg, Teaching

DDSKILL Learning through :
the Handbook Online Online Webinar,

Asynchronous through MOOC

Learning

Both pathways can prepare the interested professionals for the Final Assessment.
participants who will successfully pass the assessment will be provided with an ISO1
certification.

ThisHandbook and thenaterial to be used in the fae®-face or online asynchronous learni
will also be certified.

Eachunit in the Handbook begins with the sectionsAimé, dearning Outcomes & ¢ 2 LJj
KeyWord§ | YR GLYUGNRRdAzOGA2Yy ¢ @

Aim:
Eachtraining unit startswith a summary of its aim. This sectiprovidesthe mainobjectivesof
the unit and explaiswhy someone should follow #coursecorresponding to the specific unit

Learning Outcomes:
Thissectionactsas a signpost of what a reader can expect to léaym the specific traininginit,
expressed in terms of acquiréashowledge skillsand attitudes.

Topics:
In this section, athe topics of thetrainingunit are listedone after the otherso that the reader
knowsfrom the beginning what the specific unit entails.

Key Words:

Thissectiongivesto the readersome keywords related to therainingunit.
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Introduction:

This section is introductory to the main section of treningunit and is developed in a way th
it can smoothly engage the reader with the unit andvethe reader tothe main section.

At this point, the reader will have a brief understanding of ttaning unit and an explicit idea
of what to expect from it.

Once the reader hasffectively studied the relevant materiabf the unit either through face
to-face learning or through online asynchronous learnjrghe can test his/her understanding
of the unit through the dLearningBvaluationé & S.OG A 2y

Learning Evaluation:

- SelfassessmentQuestions:
The question®f this sectionare designedo asto test the understanding ahe reader on the
main concepts of theunit. Thesequestions can also prepare tharofessional for theFinal
Assessmentso as to get certified witt5017024
- Activities:
The activitiesof this section are designes ago enhance the knowledge of the reader, questi
his/her understandingf the unitand give examples of the relevant topigfiey may be:
A Discussion Boxes
Open Questionsn: Key Congats/ Characteristicdenefits
ReallLife Examples
Case Studies
Etc.

> > > > >

If the reader fails the selissessment questions and/or cannot successfallpw the activities
of a specific unitit is recommended thas/he reads tls unit in the Handbook agaiandattends
the classroom teaching or the online webirfar a second time Then, s/he came-evaluate
his/her learning level.

Summary:

In this section, hie key points of thérainingunit are summarsed. Theideabehind this setton is
to provide the reader with a revision of theunit, but alsoto help him/heridentify the key
conceptsof the unit in a quick manneand their alignment with the key words provided at t
beginning of the unit
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UNIT1: New Technologies

Aim:

The aim of the unit is to providie learners with background knowledge on new technolog
in health and social carspecifically on the topics of assistive technologies, smart home, rob
and green information and communication technology as well as virtual and augmented
and braincomputer interface.This knowledge should enable learners to identify areas
application in their own working environment and support decisioaking to best suppor
clients and promote their participation.

Learning Outcomes:

After completing the course, the learner will be in a position to:

In terms ofknowledge:
V Explain the concept of thdnternational Classification dfunctioning, Disability an
Health(ICH via the ICF model
QYyGNI atd GKS GSN)¥a a!aaradragsS ¢SOKy2f
Tell the difference between lowech, midtech andhightech AT
Name specific solutions for vision, hearing, mobility, communication and cogt
impairments
lllustrate the possibilities oAmbient Assisted LivingAL applications
Name specific legal requirements of accessibility
Gontrast accessibland universal design
List factors that influence AT acceptance
Recall legal basis of data protection
Explain the impact of participatory design on usability
Name main characteristics of smart home
Relate the term smart home to the concept Afnbient Assisted Livin@\AL)
Name smart home devices from different categories
Recall benefits and concerns of smart home
Label main ways of financing smart home devices
Name fields of robotic application in the health and social care sector
Smmarizein whichwaysrobotics can support caregivers
Recall robotic solutions fopeople with disabilities or functional decline
Tell about the challenges of robotic implementation in private homes and institutio
Describe the architecture of Inteet of Things (IoT) solutions
Recall the most common techniques applied to sensors to reduce their p
consumption
Name the basic wireless communication protocols and the differences between th
Define and describe Virtual Reality
Define anddescribe Augmented Reality
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V Describe the skills that can be taught using AR and VR.
V Outline the advantages of using AR and VR when teaching persons with disabilitie
V Describe the main parts of a VR headset
V Describe the different AR/MR devices
V Explain he differences between VR, AR and Mixed Reality Applications (Typ

< << <KL

<

interactions, limitationsetc.).
Define and describe Brain Computer Interface technalogy

Explain main applications for BCI technology.

Name the main brain signatquisition methods used for invasive and rfionasive BCls
Describe electrical signals used to control fiovasive BCls.

Explain how a BCI can be used as assistive technology to support communicati
interaction with external world.

Explain how a BCan be used as a rehabilitation tool.

< <<K<K<KLK<K<K<K<LK<LK<LK<LK<LK<LK<LKLKLKLKLKLKLKKLKKL

In terms ofskills:

Identify Assistive Technolo@iT) for specific use cases on EASTIN

Analyze the process of assistive product provision in their own country

Utilize aprogranmeto check a website for accessibility

Apply guidelines of accessibility on their own web pages

Develop how digital health applications and services influence the AT market
Examine factors of AT acceptance for a specific use. case

Apply theMEESTAR as a method to discuss ethical values in specific situations
Develop simplified explications to explain the concept smart home to clients

Identify possible smart home devices clients could benefit from

Estimate the likelihood ofinancing a smart home device privately or publicly
Dhd0Odzaad GKS dzasS 2F aYI NI K2YS Ay 2y S(
Categorize robotic systems according to their usage

Identify advantages and disadvantages in robotics for rehabilitation

Identify ethical faabrsthat are relevant when implementing robotics

Analyze factors that influence the acceptance of robotic devices

Analyze the power consumption of an IoT device based on its characteristics.
Apply specific settings to an IoT device to consume less powe

Identify when a device needs a gatewayy, mobile phone) to send data to a server.

Identify important considerations for persons with disabilities when using VR and 4
Distinguish between VR and AR/MR Equipment

Stup VR equipment

Identify a potential target user for BCI technology

Setup a BCI equipment for simple communication task.

<<

< <<

In terms ofattitudes:

9@l fdz2 4GS GKS LIaarAoAtAdASa 2F ! ¢. LINE
Discuss advantages and disadvantages for a specific AT.device

Estimate acceptance factors that could influence AT application in a gjtuetion
Evaluate ethical issues and legal requirements

5SSt 2L Iy 2LIAYA2Y 2y aYFNIL K2YS | OO
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Assess ethical concerns of smart home

Assess legal concerns of smart home

Evaluate specific robotic solutions for individuihations.

Estimate the current state of robotic solutions to support individuals and institution
Develop an opinion in which cases robotic devices should be implemented

9@l fdz2 4GS RAFFSNBY(H L2¢ az2tdziizya FheR
needs

Critically appraise the use of VR, AR, and MR by persons with disabilities tg
important skills.

Compare the use of AR and VR to facilitate learning.

Run VR and AR/MR applications with beneficiaries effectively and evaluate
performance.

Manage and supervise other trainers in the use of VR and AR equipment and guid
to the application of respective applications with the beneficiaries.

Explain to other trainers and users what a BCI can actually do and what not
Understam which type of BCI can be the most effective for a specific objective/tas

Topics:

= - -8 4 _a -9

AssistiveTechnologies and Aids

Smart Home

Robotics in the Health and Social Care System
Green ICT

Virtual Reality (VR) and Augmented Reality (AR)
BrainGomputer Interface (BCI)

KeyWords:
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9 Disability models 9 Multidisciplinary
1 Assstive Technology 1 Independent living
1 Assstive product 1 Robot
9 Accessibility i Service robot
1 Universal design 1 Robotic device
1 Ambient/Active Assisted 1 Rehabilitation

Living (AAL) 1 Caregiver

9 Digital healthapplications 1 Intelligent nursing aids
9 Participatorydesign 1 Logistic and transport system
1 Data protection 1 Telepresence robots
9 Acceptance 1 Emotional robots
9 Ethical aspects 1 Mobility aids
9 Smart home 1 Handling aids
9 Building automation 1 Internet of things
i Smart device 1 GreenICT
I Sensor 1 Power consumption
I Environmental control 1  CGommunication protocols
9 Health monitoring T Virtual reality
9 Brain computer interface 1 Augmentedreality
1 P300 1 Mixed reality
1 EventRelated potential 9 Social communication
T Communication 9 Functional living skills

Introduction:

Digitalisationis playing an increasingly important role in our living and working environments.
Digital technologies offer great potentials for people with disabilities or functional impairments in
old age as well as for care providers and institutions. They can lpotgrio increasing autonomy
and parttipation as well as to improwguality of care, safety and securififlein & Oswald, 2020)
For relatives and professional groups, they can relieve physical and mental strains.

In order to be able to offer newigital technologies to clients or to use them in organizations, it is
important to know relevant products and systems, but also to be able to assess the consequences
for all users. Therefore, this chapter introduces, on the one hand innovative techrolagit as
assistive technology, smart home applications, robotics, virtual and augmented reality and brain
computer interface. On the other hand, additional aspects such application examples, research
results, ethical considerations and sustainability éssare described to promote decisiomaking.

In the first topic, the field of Assistive Technologies (AT) is introduced based cdRhaddel of
disability (WHO, 200 starting with an overview and explanations of terms and concepts.
Applications for peole with specifiaisabilitiesare presented and the provision of AT is described.

In the course of the chapter, related concepts such as Ambient/Active Assisted Living (AAL),
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Accessibility, Universal Design and Digital Health are described and linkeé feelth of AT.
Furthermore, the factor acceptance, ethical aspects, data security as well as implications for
usability are addressed.

The second topic is about smart home applications to support people in independent living. In this
chapter, the technolog behind building automation and smart devices is explained and specific
applications are presented which can support people in old age or with disabilities to stay safe and
healthy in their home and to control their environment algog.,with mobility mnstraints.

Robotics in the health and social care system are a rather new topic for most professionals.
Therefore, few is known about how clients and professionals could benefit from them and which
robotics systems are available on the market. Topic @/iges information on three areas of
application: rehabilitation, robotics to support caregivers and other staff and robotics for support
at home.

Re@rding ecological aspects, digital technologiash as thénternet of Things (IoT) products have
the disadvantage that they consume a lot of ener§iyhen we consideclimate change, the
OKFffSyaS A& sdystem®ahB to EhBoseH&sNEIHE gy Saiduming alternatives when
installing new technologies at home or in institutions. Solutions for thidlerige are provided in
chapter 4.

Chapter 5 is about Virtual and Augmented Reality and skills trai@ertgin skills and competencies

are important for ensuring a good quality of life, positive relationshspsial support, and access

to various opportinities across the lifespan. Individuals with Developmental and Intellectual
Disabilities may require additional support to develop social and functional living skills, in the form
of specific teaching or intervention. The advantages of incorporatingadiréality and augmented
reality into teaching for these skills and research evidence will be presented. Considerations and
recommendations for providing a supportive and beneficial learning experience for individuals with
Autism Spectrum Disorder and Ifiectual Disabilities will be outlined.

Communication and control of the external environment can be provided via dzamputer
interfaces (BCIs) to replace a lost function in persons with severe diseases and little or no chance of
recovery of motor abities (.e., amyotrophic lateral sclerosis, brainstem stroke). This subject is
covered in topic 6. BCls allow to intentionally modulate brain activity, to train specific brain
functions, and to control prosthetic devices, and thus, this technology can also improve the
outcome of rehabilitatiorprogrammes in persons who have suffered from a central nervous system
injury (.e.,stroke leading to a motor or cognitive impairment).
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Topic 1Assistive Technologies and Aids

1.1: Introduction

The main objective of the chagtis to provide thessential knowledge aboassistive technologies
andaidsas well asocictechnicalarrangementdor healthcare professional§he aimis to enable
healthcare professionals to address the needs of people with intellectual, mentahysical
disabilities or functional decline in old age and contribute to their empowerment for an
independent and dignified life with respect to Assistive Technology (AT).

The unit addresses the latest technological advanceniarte assisted living dontathat can be
utilized bypeople with disabilities and by health professionasmprove thet NJ O welldiyigl & Q
Therefore, the participants convey an overview of terms, definitions and develojgnethe area

of disability,Assistive Technologigaccessible and universal design, Ambient Assisted Living (AAL)
and digital health.Additionally, AT devices for selected impairments are presentethther
objectiveof this unit isto increasethe awarenessthat AssistiveTechnologiesare part of a complex
sociatechnical system which has to be understood in order to utilize and maximize benefits and
potentials. Therefore, participants also learn about ethical issues, acceptance factors as well as
isstes of data protectiorand usability.

1.2:Models and Concepts ofdability

Disability can beviewedfrom several perspectives and therefore different concepts of disability
exist Three of them are presented the following section

1.2.1 Models of Bability
1. ¢KS daBRRDIFEY 5STFAOAG 2NASYGFGSR LISNRLISOGA O
T 5AaloAfAGE® Aa | LISNB2YQa LINRofSY
1 ltis drectly caused by disease, trauma or otleralth condition

9 It requires medical care (individual treatmertty professionals

2. ¢KS a{20AFf Y2RSte¢Y {20ALf O2yaidNHzOGAZ2Y
T 5AaloAfAdGe A& y20 Fy AYRAGARIzZ £ Qa I (3G NR O dzl

1 Complex collection of conditions, many credtby the social environment

3. & . -psgchoesocial model": balance between medical and social model

1 Functioning and disability as dynamic interaction between health conditions and
contextual factors, both personal and environmer@dHO, 2011)
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model” model”
,ﬁ:.\
psycho- Figurel: In_fluence on the bk
social psychesocial model of healt
model”

Other models of disability can be found under https://www.disabled
world.com/definitions/disabilitymodels.php The view of each moddias consequences for the
people concerned.

The World Health OrganizatiolfHQ describes the term disability as follows

G5A&lo0AfAle NBFTSNB (2 GKS AyGSNI OlAazy o0SisSSy 1
Down syndrome and depression) and personal and environmental factors (e.g. negttides,

Ayl OOSaaArofS GNIYALRNIFGAZ2Y YR LlzofAO o0dzZAf RAY:

1.2.2 International Classification of Functioning, Disability and Health (ICF)

TheInternational Classification of Functioning, Disability and Heg#@F) from the World Health
Organization (WHO, 2001) consist of the-p&ychaesocial model of health.

¢KS L/ C @ASsa KdzYty TFdzyOlAaA2yAy3a Ay UGKNBS fS@St
LISNE2YZ |yR GKS gK2f S (WHONB2Z §0). Th¢ follwing &ona aré  O2 y (i
essential:

1 Body Functios: Fhysiologcal functions of body systemisicludingpsychological functions

1 Body Structures: #atomical parts of the body such as organs, limbstaed components

9 Activity: Eecution of aask or action by an individual

1 Participation: Involvement in a life situation

1 Environmental Factors:hysical, so@l and attitudinalenvironment in which pedp live
and conduct their lives

In this context the terndisabilityinvolves dysinction at one or more of the following levels (WHO,
2001):

1 Impairments: Poblems in body function or structure such as a significeEviation or loss.

1 Activity LimitationsDifficulties an individual may have in executmgfivities.

1 Participation Resictions: Poblems an individual may experienceinvolvement in life
23
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situations.

Disability emerges ihe interaction between |

environmental factors.

LISNE2Y Q&
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Figure2: The ICF mod@&@VHO, 2001, p.18)

Example:

A person with a visual impairment (health condition that affects body structures and functions) in
a country without an areavide supply of spectacles (environmental factors) might not be able to
learn advanced reading and wngj (activities) and therefore not be able gain money in the job he
would like to do, even if he/she is motivated (personal factors).

Another person with the same visual impairment who wears well adapted glasses has few

constraints in activities and paripations.

For furtherinformation and practicgou can visit the practical manual for using the ICF (WHO,

2013):https://www.who.int/docs/default

source/classification/icf/drafticfpracticalmanual2.pdf?sfvrsn=8a214b01 4

1.3 Assistive Technologieerminology anthformaton Surces

In the followingsectioncommonly used terms issistive Technology are explained well as
where to find information on relevant products and services

1.3.1Definitions

The World Health Organization defines the tefwssistive Technology (A&k
1 aGKS |LIWX AOFGARZ2Y 27
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aedaidsSya IyR aSNOPAOSad ! aaAatA@dS GSOKyz2t238
f al'y dzYoNBtfl GSNY FT2NJ Iye RSOArfod tagkbiheye aid Sy

would otherwise be unable to do or increases the ease and safety with which tasks can be
LISNF2NYSRE OonvHnnnI LI mno

Examples for Assistive Technologies are mobility aids as well as seating and positioning aids,
environment control systems, barriefree living environment and workplace adaptations,
prosthetics and orthotics, sensory aids for the hearing impaired and deaf as well as augmentative
and alternative communication, but also organizational concepts such as telecare anehtiieh
(Connell et al., 2008)

There are slightly different definitions and concepts skidtive Technologygn an international

level and especially on national levels. Delimitations can be different and new concepts appear
through new innovations. This rkes it sometimesitficult to classify the terms.

Assistive Productss N8 RSFTFAYSR o6& GKS 21 h |a al'ye SEGSN
equipment, instruments or software), especially produced or generally available, the primary
purpose of whichisto mgii Ay 2NJ AYLINR@GS |y AYRAGARIZ f Qa TFo
thereby promote their wetbeing. Assistive products are also used to prevent impairments and
dSO2YyRINE KSIFIftGK O2yRAGAZ2Y&aPE OHAMCI LI MU O

The I1SO 9999:202W8 defines an assistive producia & LINBE RdzOli 6 KA OK 2LIJGIAY
Fdzy OlA2yAy3a I yR NBRddzOSa RAaloAfAdlGe@éd® LG Aa | RR
SIdALIYSY(zZ IyR a2FG6l NB¢ YR (KIFId GKSe aOFy o685
Assistive produs are sometimes also referred to aglsor technical aids

ThePriority Assistive Products L{8PL) provides a collection of products that should be accessible
in every country of the world (WHO, 2016). The top five product in the list are:

1. Alarm signallers withight/sound/vibration
2. Audioplayers with DAISY capability

3. Bralille displays (note takers

4. Braille writing equipment/braillers

5. Canes/sticks

All'in all, the list contains 50 producnked as a priority in a mulitage global survey

1.3.2 The Europeddatabase EASTIN and Databases in the Diffeoenti@s

There is a European searehgine on Assistive Technologies calle&STIN European Assistive
Technology Information Networkwww.eastin.eu). It provides information on products in most
languages of the European Union and also refers to national databases. You can search pyoducts b
their commercial name, by the name of their manufacturer or by keywords, which match with an
ISO classification code. In addition, AT manufacturing companies can be found. Finally, the EASTIN
also provides articles with AT associated information like sasdies or fact sheets.

The European database receives informafimm eight national databases:
1 ATAust: Australia
1 AZARIM: Israel
1 DLF Data: United Kingdom
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T Vlibank: Belgium

1 Siva: ltaly

1 Handicat: France

1 Rehadat: Deutschland

1 Hjeelpemiddelbasen: Denmark

These national platforms provide specific knowledge on AT and information for potential users,
informal caregivers and health professionals on assistive products available in the corresponding
countries.

1.33 Exhibitions, Farand Livingdbs

To find new innovations and individual solutions, there are exhibitions and fairs where companies
show their products and services like tREHACARE (Dusseldorf) or the REHAB (Karlsruhe) in
Germanythe SWISS Handicap (Lucerne) in Switzerlandhe ASSIIVE TECHNOLOGY (Tampere)
in Finland.

In addition toexhibitions on general AT, there are also ones that focus on special impairments like

the SightCity (Frankfurt, Germanyi exhibition demonstratingids for blind and visually impaired

people.

MoreandY 2 NB dzy A GSNERAGASA yR NBaSIFNOK OSyidiNBa | NB
smaller exhibitions Were students, professionals and the public can watch and experience
available products and new innovations on the field of AT.

The permanent ek A 6 A G A2y &l St f2 CNBSR2I¥buchtadivang laik 8J 0 Se 2
operated by Frankfurt UAS together with the Frankfurt Foundation for the Deaf and Hearing
Impaired and the VdK Social Association H8$s&ingia.The djective is toinform on inclusion,
participation and assistive technologidis a 200sgmspace whichis constructed like a flat, visitors

can get to know different products for barriéree living (also especially for hearing impaired

people), get insights into techrat solutions for ambient assisted living, telecare and telehealth,

and meetemotional and social robotics.
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(Pictures: K. Rupp, Frankfurt UAS)

1.4: Different Types of Assistive Technologies

There are different types of distinctions for Assistive Technologies depending on how much
technology they contain or on their function. Some of them are presented in this chapter.

1.4.1 FronmLowtech to Hgh-tech Assistive Technologies

Assistive Technologies can be described on a continuum from no d@ebdbvwover meeech to high
tech devices (Chambers, 2020):

Lowtech Assistive Technologig the most easily accessible and usually the orth thie lowest
costs. It generally does not require special training. Examples are pencils grips or visual schedules.
Because they do not need electricity, they can be used in most places.

Figure4: Lowtech AT:Tableware set with high contrasts for people with vision impairments (Picture: J.
Schneider, VdK Hess€&huringen e.V.) and slide board to facilitate a transfer (Picture: Fondazione Santa
Lucia)
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Mid-tech AThas a power source but is often still availabtereasonable prices and does not need
extensive training to use. Examples for these are reading pens, -pinglee communication
systems (Talkers) or audio books.

Figure5: Mid-tech AT: Pen that reads out wordaved on a sticker (Picture: A. Di
electronic bed that helps the user to get in and of the bed (Picture: K. Rupp, Frankft

Hightech ATis usually the most complex and also the most expenspt®n. It often has to be
adapted and personalized and extensive training is needed to use it. Examples-gezEggstems
and textto-speech software

Figure 6: Hightech AT: Communicator with speech recognition and head tra
(Pictures: Fondazione Santa Lucia)
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The provision of a losech, midtech or hightech device may depend on its accessibility, its price,
its capacity to bgersonalized, the amount of training needed by the user and the caregivers and
their attitudes toward the device, as well as the environment in which it should be. ds®d
example, devices that have a battery need an electricity source and many inteligtware
systems need access to the internet. If this cannot be provided thewiiarot be able tdbenefit

from the product. The same problem appears if the device is technologically too complex and
people perceive its usage as not simplifying theiihdlife. Then they might not use it either.

To obtain an impression, the following link provides an overview with examples gfriud and
highttech AT https://www.ctdinstitute.org/sites/default/files/file _attachments/ASolutions.pdf

1.4.2 Further i@ssifications

For a more differentiated distinction Ritterfeld and Hastall (2017) propose a classificatiges
of functionand modes of operation.

The type of functiordifferentiates between prostheses, tools and environmental control:

1 Prosthesesefer to technobgies whictareclose orconnected to the body caire implanted
(e.g.,arm prosthesis, cochlea implant).

I Toolsare close to the bodybut they do not replace parts of the bodyre example is the
talker or a communication system in AAC.

1 Environmental contol involves indirect manipulation of the environmepatg, via sensors,
as in smart home applications or via voice control

The authors further distinguish between the operation typaschanical(e.g, dental implant,
wheelchair) glectrical(e.g.,stair lift) anddigital (e.g., Talker, Smart Home).

For digital technologies the following characteristics are descr{Réterfeld & Hastall2017):

1 Sensorbased Sensotbased systems react to externalimstili such as light, heatro
movement after being adapted (g.,motion detector)

1 Interactive systems provide for communication between user and sygem. a chat bot
in an app for mental health)

1 Intelligent systems use information from sensors asIvasl interactions with the user and
thus develop further or adapt to the usge.g.,exercises in training software become more
exhausting if the user gets better)

1.4.3 Assistive Products lppic

Assistive devices can alsodifferentiated by the field in which they are used. The EASTIN provides
nearly 70.000 products in twelve categories related to the 1ISO 9999:2016 Classifications:

ISO Code Description
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04 ASSISTIVE PRODUCTS FOR MEASURING, SUPPORTING, TRAMNGNIRBODY FUNCTIC

05 ASSISTIVE PRODUCTS FOR EDUCATION AND FOR TRAINING IN SKILLS

06 ASSISTIVE PRODUCTS ATTACHED TO THE BODY FOR SUPPORTING NEUROMUSC
MOVEMENT RELATED FUNCTIONS (ORTHOSES) AND REPLACING ANATOMICAL
(PROSTHESE

09 ASSISTIVE PRODUCTS FORABREFACTIVITIES AND PARTICIPATION IN SELF CARE

12 ASSISTIVE PRODUCTS FOR ACTIVITIES AND PARTICIPATION RELATING TO PERSON
TRANSPORTATION

15 ASSISTIVE PRODUCTS FOR DOMESTIC ACTIVITIES AND PARTIONRESTOGC! ILN-B

18 FURNISHINGS, FIXTURES AND OTHER ASSISTIVE PRODUCTS FOR SUPPORTING ACT|
AND OUTDOOR HUMAMDE ENVIRONMENTS

22 ASSISTIVE PRODUCTS FOR COMMUNICATION AND INFORMATION MANAGEMENT

24 ASSISTIVE PRODUCTS CORTROLLING, CARRYING, MOVING AND HANDLING OBJH
DEVICES

27 ASSISTIVE PRODUCTS FOR CONTROLLING, ADAPTING OR MEASURING ELEMEN]
ENVIRONMENTS

28 ASSISTIVE PRODUCTS FOR WORK ACTIVITIES AND PARTICIPATION IN EMPLOYMENT

30 ASSISTIVE PRODUEDR RECREATION AND LEISURE

1.5: Assistive Technologies for Spectfjgalirments

In the following chapter, assistive devices for following five categories of impairments are
presented: (1) blindness and vision impairments, (2) deafness and hearing impairment, (3) mobility
loss, (4) speech, language and communication disorders as sv@@) intellectual disabilities and
cognitive decline.

1.5.1Blindness antlision mpairment

More than 1 billion people suffer globally from vision impairments. Main causes are uncorrected
refractive errors, cataract, agelated macular degeneration, glaucoma, diabetic retinopathy,
corneal opacity, and trachoma. In high income countries dialsetinopathy, glaucoma and age
related macular degeneration are more common in adults. For children, the main causes in-middle
income countries are retinopathy and prematurity (WHO, 2020b). In 2014, 9.3% of & EU
citizens over 75 years reported seveliffidulties in visionEurostat, 2020)

For vision impairments glasses and magnifiers are the most common assistive products. There are
also electronic magnifiers as well as screen readers for computer work and television. Meanwhile
many of those can benked to common devices. Another solution is software which magnifies text
material or transfers it into speech or braille. Today these assistive devices can be partially replaced
by the functionalities of a smartphone such as zoom function, reading alodi¢tlzanging colour
contrast. These functions can be further improved by special apps (Klein, 2020).

For everyday routine, a lot afi NI R A &ntl giglthldeiices exist. Examples are the following
(Klein, 2020):

1 A DAIS¥Player (Digital Accessible Infoation System) allows getting access to literature
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or news. It plays audio data in individual speed, marks can be added and in some devices
also seligenerated speech notes are possible.

f 'dZRA2 RSAONRLIIAZ2Y A& | &aidl yRI NBvisibnythrodghRS Ny ¢
describing situations people would otherwise not understand without watching it.

1 Speech output is available for clocks, kitchen equipment (level indicators signalling when a
vessel is full), and health products (scales, blood press@é¢ i dzZNJA y I X 0 ®

1 Apps which scan bar codes can support shopping by telling the user information about the
product.

1 There are a range of products for people with visual impairments available such as large
print like books or special designed card games.

Main assistive devices for blind people are the white stick or a guide dog. New products with the
support of a laser or ultrasound application can identify barriers at the height of the upper body.
Special navigation apps can help to find a way and also infboutamportant landmarks. Glasses
with integrated cameras and speechitput dispose functionalities such as character recognition
and reading aloud or face recognition and informing who is approaching, thus contributing to more
autonomy (Klein, 2020).

1.5.2 Deafness andddringLoss

Around 466 million people worldwide, among those 34 million children are affected by hearing loss.
Causes can be congenital or acquired by factors like infectious diseases, chronic ear infections, or
expressive noise. In the agroup of over 65, about one third of people are affected (WHO, 2020c).

In the EW27, 19.1% of the citizens aged 75 and older reported severe difficulties in hearing
(Eurostat, 2020)

The main device for people with hearing loss is a hearing aid. Itfeaplie acoustic signal and
suppresses interfering sound. There are devices which are worn completely in or partly behind the
ear; others are implants like for example the cochlea implant.

Amplification can be linked from external audio systems like a phone, the TV or a microphone
directly to the hearing aid by an inductive coupler in the phone or a hearing loop. A special channel
of the hearing aid has to be set to receive the audio inpbe advantage is that interfering sound

is suppressed. Hearing loops can be provided at service encounters, in churches, or meeting rooms.
Another system to be used in public is tA® (Frequency Modulation) system. Here, a sender in a
microphone is linkedo a receiver that is usually worn around the neck. The receiver is directly
linked to the hearing aid or the user wears a headphone which is linked to the receiver (Hearing
Link, n.d.).

For deaf people or people with high hearing loss itriportant to notice signals like phone calls,

the doorbell ringing, or the alarm of a smoke detector. Therefore, it is recommended to use
products which address the tweensesprinciple. Here systems can be equipgedy, with flashing

lights or vibratiorthat are visible in the flat or linked to a device like a smartwatch or a smartphone
People communicating in sign language can use video phone devices, which transfer sign language
as well as textToday this iglso possible with smart phones and measger servicegKlein, 202Q)
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1.5.3 Mobility mpairment and.oss

Mobility impairments can be caused by many factors such as congenital disabilities, accidents,
muscular diseases, stroke, or neurodegenerative diseases. Mobility loss occurs mainly in old age
with 33.2% of the EU citizen over 75 years reporting severe difficulties in walking (A/&AET BN,

2012).

Concerning mobility impairments, the WHO (2016) lists in its Priority Assistive Product List TOP 50
canes/sticks, chairs for shower/bath/toilet, utl foot braces, crutches (axillary/elbow), fall
detectors, hand rails/grab bars, orthoses (lower limb, spinal, upper limb), pressure reliefs cushions
and mattresses, prostheses (lower limb), portable ramps, rollators, adjustable standing frames,
therapeutic footwear, tricycles, walking frames/walkers, and different manual and electric
wheelchairs. These are only a selection of the vast range of available products.

For people who need assistance, but are still able to walk, several types of wddkilcgs ee
available(e.g, walkingaids for one or both armjsExamples of aid®r one arm are walking sticks

and canes, as well as crutches. Walking sticks and canes are available with ergonomic handles, with
three or more legs, foldable, with seat, with light, with umbrella function and much more (EASTIN,
n.d.).

Examples of aiking-aids for both arms are rollators, walkifiggmes, walkingoicycles, walking
chairs and walking tables (EASTIN, n.d.). They provide more stability for people with little strength
and balance. Walkinffames can be used to train walking with a rollaton, foobilisation after
events of stroke or surgeries, to stand up or for transfer. Waikimgjrs provide the possibility to

train walking in a sitting position, which prevents falls. Rollators help to move around safely indoors
but also to go for a walk oside. Most of them providepaceto store shopping or to sit down for

a while.

If people are ndongerable to walk and need a wheelchdinere are also different possibilities:
Active and passive wheelchairs (which people push themselves or not), Waeglfor inside and
outside, electronic and noalectronic wheelchairs. For inside the house, there are also special
bathing and toilet chairs (Gerlach, 2016).

Attention has to be paid to the control of a wheelchair (Gerlach, 204&)drimdrive wheelchias
can be singleside or bimanual, especially electric ondsichcan be moved with a joystick or other
controlsystemsuch asead, mouth or eye control.

Apart from systems to move around, immobile people also need other assistive products such as
cushbns or mattresses to prevent decubiti, positioning and transfer aids and lifters (Klein, 2020).

A new technology that is more and more entering the market are exoskeletons as well as intelligent
prostheses and orthoses which support people to stand an#t wato retrain it.

1.5.4 Speech, Language and Communicaisorders

Speech, language and communication disorders can be congenital or acquired. If childi@n do n
acquire languageit may be due to genetic syndromes, autism, cerebral palsy, developmental
disorders or hearing disorders.

Acquired speech, language and communication disorders are mainly caused by brain events such
as traumatic brain injury, stroke, tumour or inflammatory peeses or neurodegenerative or
neuromuscular diseases.

Assistive Technology for peopleithv limited speechis usually integrated in the concept of
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Augmentative and Alternative Communication (ACQ@) this concept, there are methods in which
either the ownbody or external aids are needed. Beolyn methods are gestures, eye pointing,
signing and vocalizations. External aids can be dividiedeilectronic or norelectronic devices
(Luke, 2017).

Non-electronic devices are real objects, miniatures, picturdsetches, symbols, or written
language (LUke, 2017). They usuiaylvepointingto something that stands for an activity, a need
or a wish. Very commoaxamplesare communication booksvhich are usually individualized with
special vocabulary (pictures symbols) for the user. Individuals that are able to compose letters
can use alphabet boards to express words or sentences.

Electronic devices can be divided into three levels (Luke, 2017):
1 Simple devices like switches or buttons that play a previoeslgrded text when pressed.

T Communication aids with a static displayrhey usually consist of symbols that play a
specific text when pressed.

1 Communication aids with a dynamic disptallere the vocabulary can consist of symbols
or writing. Combination okymbols or words allows a wide range of vocabulary and
sentence building, which are then spoken by a synthetic voice. There is also software which
allows using a tablePC as communication aid.

Electronic communication devices have the advantage that thealsobe controlledwith special
control systems like an eye tracker.

1.5.5IntellectualDisabilities andognitiveDecline

Intellectual disability (ID) is defined by the American Association on Intellectual and Developmental
5AaloAtAGASAa o! ! L550 Fta GaAadyAFAOLyd fAYAOGI GAc:
behaviour which covers many everyday social and pratkills. This disability originates before

GKS +3S 2F HuHé O6{OKFIft201 Sid It ®d®X HaumOd t S2LIH S
following main areas (Barr & Gates, 2019, p. 4):

1 Conceptual: language, reading and writing, numgecluding understanding money and
time)

Practical: daily routine (washing, dressing, cooking,), staying safe, looking after health

Social: getting on with people, managing social situations (including avoidance of being
victimized, having a sense of selbrth)

Causes are often not clear but can be (genetic) syndromes like autism orsymarome, hypoxia,

or developmental disorders due to prematurity.

/| 23y AGAGBS RSOftAYS NBadzZ GAy3a Ay RSYSyidAl 02YSa |
thinking,2 NA Sy G A2y O2YLINBKSyaiaz2ys OFfOdA GA2y > f
(WHO, 2020d). It usually occurs in old age, so the number of affected people in a society is growing
when people get older.

As the symptoms of intellectual disability acdgnitive decline are very different and often come
along with comorbidities, it is difficult to name specific ATthas group as a wholdt is important

to look at the specific needs and to find a product or service matching those needs. In a survey b
NijsandMaes (2019) professionals working with people with profound intellectual disabitiess
commonly identifiedAT to support communicatignrelaxation and leisureTools to support
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participation in activities, to promote skill learning, itecrease independencéo compensate for
visual, auditory and/or motor disabilitiesy support participation in society, to support daily care
were also named by the participants.

For dementia, Qison et al(2014, p. 7) identified five categories of AT products and services used
by people with dementia:

1 Time/place orientation: clocks, signage, reactive and adaptive lighting, navigation aids
1 Prompts and reminders: medication dispensers, memory aids

1 Communication aids: intercoms, telephones, telecare alert equipment

9 Tools and aids: dementia friendly furniture, aids for activities of daily living (ADLS)

1 Alerts and alarms: alerts for ADLs, scheduling and reminder alarms

There were also categories ofdd & dzASR WA G KQ YR W2y Q LIS2LX S 4
communications aids, tools for play and enjoyment and for reminiscence, the latter telecare
systems, GPS and locations alarms, and safety and security tools (Gibson et al., 2014).

1.6: Provigin of AssistiverBducts

Scope and execution of financial support for the provision of assistive products differ between the
European countries. Therefore, general provision models as well as examples of countries in the EU
are describedelow.

1.6.1General Provision btlels
In a position paper, AAATE & EASTIN (2012) describe three main delivery models:

1 The medical modelAny AT devices amgrescribed by a professional (usually a physician,
but sometimes also an occupational therapist, nurse.)etPublic provision is usually
regulated by a list of products or product specifications and prices that are reimbursed.

1 The social modelWithin this model the focus is on the solution, not on the device. A
budget for the solution is decided, theéhe choice of the device is relatively free.

1 The consumer modelfhe device is directly chosen and plidby the user. Financial help,
information and professional support service are provided.

In practice, boundaries between these models are not that stitietre are mixed forms that tend
towards one or more of the models.

The HEART study (European Commission & Technology Initiative for Disabled and Elderly people,
1995) identified seven steps in a service delivery process that are dinmdaghout the European
countries:

1. Initiative (the first contact with the service delivery system)
2. Assessment (evaluation of needs)

3. Selection of the assistive solution (defining the individuapwframne)
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Selection of the equipment (choosing theegffic equipment within the Afprogramme

4
5. Authorisation (obtaining funding)

6. Implementation (delivering the equipment to the user, fitting and training)
7

Management and Follow up (maintenance and periodic verification)

In the following, the procedureis several European countries are presented:

1.6.2Germany

Assistive products that are assigned to an individual person and that are part of a national device
fAal O0Gl AT FAYAGNUBO OSHKSADKRA D& Rdzk NB & ddieRi€af G K 2 NJ
doctor prescribes it. Products in this national device list are categorized in:
1 soOlffSR &l Af ¥aYAall Subjécttodhe Bocial BdURtgzStatuielBook Y R | NX
Statutory Health Insurance (833) (SGB V) and

f ydzZNEAYy 3 OFNB FARA 6at TitStESachliSacary StatitcSHoskyd & K A
Xl Statutory Nursing Care Insurance (840) which also deals with the finanaicaessible
conversion.

Currently, more than 3800 devices are listed. Devices from this registered list (like a wheelchair

or a communication aid) have to Ipeescribed by a physician. The persaro has to be insured

with the Statutory Health Insurangkas to contribute with a cpayment of 10% (max. 10 Euro for

AT with regard to the Statutory Nursing Care Insurance and max. 25 Euro for nursing care aids with
regard to the Statutory Nursing Care Insurance). Disposable products up to 40 Euro per raonth a
reimbursed by the Statutory Nursing Care Insurance. The Statutory Nursing Care Insurance provides
also a financial contribution up ®©4,000 for home modification (Klein, 2020).

Since 2020, digital health apps can alsglmscribed by a physician andeapaid by the patient’s
Statutory Health Insurance. It is required that the app is acknowledged as medical product which
has to be guaranteed by a CE sign (Weckerling, 2019) as well as a certification procedure with
appropriate evidence.

Currently, the ational device list is updated on a regular basis and it can be observed that a lot of
new products are being taken up. Also, a variety of robotic systems are listed such as exoskeletons,
robotic arms, robotic feeding devices, mobility support etc.

Physicans can also prescribe AT which is not listed in the national device list.

1.6.3 Italy

The National Health System delivers aids and prostheses listed in the Nomenclatore Tariffario, the
official aids and prostheses nomenclator. The aids pruktheses nomenclator is a document
published and periodically updated by the Ministry of Health which defines which aids and
prostheses can be funded by the National Health System and their supplier modalities. The latest
version of the nomenclator wasuplished on January 2017.

Each Italian region, taking in to account the maximum rates for prosthetic assistance services set
by the Ministry of Health, in agreement with the Ministry of Economy and Finance, defines a
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maximum rate for each element in the m@nclator. The user will pay any difference between the
price defined by the region and the price of the device provided.

The Nomenclator is organized as following:

T List 1: tailored prostheses and orthoses designed by a qualified professional, ttmsddd
the extraordinary maintenance, repair, customization or replacement of components of each
prosthesis or orthosis

9 List 2A: technological aids produced in series which must be applied by the qualified health
professional to guarantee the correct and safe by the patient

T List 2B: technological aids produced in series, ready to use, which do not require the
intervention of the health professional to guarantee the correct and safe use by the patient

The aids to support communication, interaction with tlemvironment and access digital
technologies are part of List 2B.

The Nomenclator does not contain specific products, but it provides a description and a code for
eachtypeofaids (e gy Re8y I YAO O2YYdzy A Ol (2 NE 0 bedbydSddatimgA O LINE |
the nomenclator code corresponding to their operation and function.

The procedure for aids and prostheses delivery is divided into the following phases: definition of
the individual rehabilitation plan, prescription, authorization, delivery, tessind followup.

The individual rehabilitation plan is defined by the specialist doctor in collaboration with the
multidisciplinary team according to the patient's needs. The prescription is a task of the specialist
doctor of the national health system whoust have specific skilis the prescription of prostheses,
orthoses and technological aids. The local health authority authorizes the aids delivery whether the
patient is entitled to it, there is an individual rehabilitation plan, and the prescripticonsplete.

The specialist doctor, who did the prescription and who is responsible of the individual
rehabilitation plan, is responsible for the testing of the device. The test consists of a €linical
functional evaluation aimed at ascertaining the correspamck of the device delivered to the one
prescribed and its effectiveness for the individual rehabilitation plan. The testing procedure is
conducted by the specialist doctor with the multidisciplinary team and, if needed, by other
technicians with specifigrofessional skills in the field of communication and information aids (ICT)
(Gazzetta Ufficiale della repubblica italiana, 2017).

1.7: Ambient/ ActiveAssisted Living (AAL)

¢KS FONRyey !I[ adlyRa ¥F2N alinebiges wdinolbgiesthad G SR [ .
support independent living especially in old age or with disabilities, in dodemhance autonomy,

safety,to prevent social isolatiormand to support caregiverdn 2014, the EU AAbrogramme
OKFy3aSR GKS GSNXY Ay (Cavaded, 20i7). ddslay baithdckaelu$e® [ A Ay 3§
The areas of AAL application range from pure convenience functions such as automatically
switching off kitchen appliances or lighting, to everyday support thatbkssapeople to live
independently in their own homes, monitor vital functions or automatically notify emergency
services in an emergency (Wirtschaftslexikon Gabler, 2018).

Devices like wearables that detect vital signs or sensors that recognize fallsrahdrsalarm are

essential AAL tools. They are connected to a platfdanexample2 y (0 KS dza SNDa 2 NJ (¢

AYINIOLK2YS 2NJAY | ydzZNEAY3I 2N LIKEAAOAlIyQa Ay TF2I
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AAL is often used as an umbrella term which covers mainly eHealth and Smarifdonm®logies

and related services (Andelfinger, 2016). Since 2008 thePAddrammeas a fundingorrogramme

2F (GKS 9dzNRLISIY [/ 2YYA&aaAzy FyR 9dz2NRPLISEHY O2dzydNJ
better quality of life for older people and to strermn industrial opportunities in the field of
KSFtadKe F3aSAy3a S QAL BEuropedred)ddgt&mokeyhgn2 Mlprivjacs age

been funded (Farla et al., 2020).

In 2020, results of these projects were evaluatsdFarla et al. with sesponserate of 85 (43%)
projects. Of these

1 23 solutions were developed which help people feel safe by preventing physical and
emotional harm €.g.,by fall detectors, creation of care networks). Over 31,500 people are
reported touse these solutions. Examplétps://hallozorg.nl/

1 20 solutions for participations in social life were developed including devices that simplify
contact to friends and family and pfarms were older people can meet. Close to 29,000
people are using them. Examplatps://www.emma-hilft.com/

1 12 solutions for an active lifestyle (e.g. serious games) with 13,000 users. Example:
https://www.seniorweb.nl/

1 13 solutions for supporting informal carers with 25,500 ersgrs anong them 5,000
informal carers.

1 6 solutions for the early detection of risks with 21,000 ersérs. Example:
https://cogvis.ai/cogvisen/

9 13 solutions for supporting formal s like information sharing platforms or remote
monitoring with 26,000 endisers, among those 5,500 formal carers.

Overall, 24 projects (12% of all funded projects) were identified to have launched 31 AAL
solutions/components on the market.

As barriersand challenges to enter the market the following aspects were hamed:
1 Issues in finance and commercialisation
1 Market fragmentation
1 Policy and regulatory issues
1

Useracceptance issue§érla etal.,2020)

1.8: Accessibility

Il O0O2NRAY3 (12 GKS hEF2NR 5A00GA2YyINE (GKS I R2SO0GAC
like something is able to be reached, to be easily obtained or used or something is easily understood

2NJ I LIINBOAFGSR® Ly I RRBAashbety be redadhdd CeStérédooused by A a S
people who have a disability.

ONI I YRaz2y oHnnyI L mMyOo RSFTFAySa 00SaarotS RSa’
mandates, guidelines, or code requirements with the intent of providing accessibility to the entities

FT2NJ AYRAGARIZ f a ¢ A (tdawRdnd gravigionsias BaSsidhe designigpiOdch NB F S
and of accessibility standards.
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TheUnited Nations Convention on the Rights of Persons with Disabilitlefines in Article 9, Nr.1

I OO0SaaAroAtAde a ac¢2 Sy lindépéndenily Al ayficipate fhlly iKallRA & | 0
aLlSoda 2F tAFS 6X0 wlyR6 (G2 SyadaNBE (2 LISNA2YyaA
to the physical environment, to transportation, to information and communication, including
information and ommunication technologies and systems, and to other facilities and services open

2NJ LINPOGARSR (2 (GKS LlzoftAO0X 02G4K AYy dzNBFYy FyR A\

y

Figure7: Accessibility for blind people: InformatiorBraille
(Picture: J. Schneider, VdK Hes3&idiringen e.V.)

After the EU and most of its Member States ratified the UN Convention on the Rights of Persons
with Disability, the EU developed the European Disability Strategy@®20. Part of that strategy

is the European Accessibility Act directive which has tbe converted into national law by the
member statesy June, 28 2022 and applied from July £82025.

With the European Accessibility Act the EU aims to improve the market for accessible products and
services for persons with a disability. Products tkmputers, smart phones and TV equipment as
well as services like bus and rail ticketing, banking services-aathmerce have to be accessible

for people with disabilities then (European Commission, n.d).

For digital technology, including websites, sadte, electronic devices, and mobile apps the
European Standard for Digital Accessibility EN 301 843 published in 2014. The EU members
are asked to integrate the directive into law by 2018 (European Telecommunications Standards
Institute, ETSI, 2018).

By 2021, all public websites and all mobile apps in the public sector have to contain this standard
that since has been updated via tiéeb Content Accessibility Guidelin€g/CAG) 2.{World Wide
Web Consortium, 2018).

These guidelines offer an overvieaf barriers that exits for people with disabilities and provide
accommodation for:

1 blindness and low vision

1 deafness and hearing loss
1 limited movement
1

speech disabilities
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1 photosensitivity
1 learning disabilities and cognitive limitations
The guidelines arganslated into several languages.

Another concept that is important to provide accessibility to web conterEagy Languagdt helps
people with low literacy levels to understand contents better. Examples of recommendations are
collected byyalonrChamonitz (2009):

1 Keep sentences short (no more than 15 or 20 words)
If you have to use a difficult wordxplain what it means
Use full words and avoid abbreviations

Use large print, a clear typeface, plenty of spacing
Avoid jargon

Use bulletpoints or fact boxes

Use active rather than passive verbs

Use simple punctuation

= =4 4 A4 A -—a A -

Do not hyphenate words at the end of a line

(Disability Rights Commission (DRC), 2006; Mencap, 2000; Frehoff et al., 1998; as cited in:
YalonrChamonitz, 2009, p. 387

Thereare international guidelines for accessibility in broad areas of life. They are defined by the
International Organization for Standardization (1SO). You can find them on
https://www.iso.org/home.html

Examples for ISO Standards towards accessibility are

A 1S0O 9999:2020 Assistive produgt€lassification and terminology

A ISO 21542:2011 Building construction Accessibility and usabijit of the built
environment

A 1SO 92420:2008 Ergonomics of humaystem interaction- Part 20: Accessibilit
guidelines for information/ communication technology (ICT) equipment and service

A ISO/TC 173 Assistive Products for persons with a disability

A 1S016201:2006 Technical aids for persons with disabiignvironmental contro
systems for daily living

A 1SO/ IEC 40500:2012 Information Technologf8CWeb Content Accessibility Guidelir
(WCAG) 2.0

A I1SO/ IEC 24786:2009 Information technolefser interfaces Accessible user interfac
for accessible settings

A 1SO 17069:2020 Accessible Desgj@onsideration and assistive products for access
meeting
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A 1SO 17966:2016 Assistive products for persohggiene that support users;
Requirements and test methods

A ISO/TR 22411:2008 Ergonomics data and guidelines for the application of ISO/IE
71 to products and services to address the needs of older persons and person
disabilities

1.9:Universal Design

Article 2 of the UNDisability Equality Conventiorefers to the importance of "universal
design" of products, environmentprogrammes and services so that they can be used
by all people without adaptation or specialized design.

For maor principles of Universal Design were identified by Ron Mace (Null, 2013):
1 Supportive: provides a necessary aid to function (additional lights for working
spaces)
Adaptable: serves users whose needs change over time (ergonomic chair)

Accessible: without barriers (wider doors that work for wheelchairs as well as
furniture transports)

1 Safe: promotes health and wellbeing and is preventive (contrasting colours for
changing floor levels)

In 1997, those principles of Universal Design wettergded to seven principles by the
Centrefor Universal Design at the North Carolina State University (Null, 2013):

1. Equitable use: no disadvantage for any group of users (no step entries)

2. Flexibility in use: accommodates a wide range of individual pret@®mand
abilities (right and lefthanded access)

Simple, intuitive use: easy to understand (blue for cold, red for hot)

Perceptible information: communicates necessary information (smoke detector
with sound and light alarms)

5. Tolerance for error: minimizdsazards and accidents (induction cooktop, which
is not hot to touch)

6. Low physical effort: can be used with a minimum of fatigue (remote window
controls)

7.{A1TS YR aL}I OS F2NJ I LINRBIOK FyR dzaSYy NB3IIN
mobility (knee space atsink or cooktop)

These design principles intéra 2 aAYLX AFeé tATFTS F2N) SOSNEB2YS ¢
environment, products, and communications equally accessible, usable, and
dzy RSNRUGIYRFGES G ftAGGES 2N y2 SEGNI O2aidé 0O0b
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Figure8: Kitchen witté dzF FA OA Sy G aLJ OS F2NJ g KSSt OKI ANJ dza SNE dzy R
¢23SGKSN) 60S@2yR O0FNNASNEEI CNIy(lFdzNI 6t A O dazh

In the UN Convention on the Rights of Persons with Disabiliiies States Parties committed:

1 ac¢2 dakePSpriinote research and development of universally designed

goods, servicesSlj dzA LIYSy i FyR FIFOAfAGASEAY O6X0X GKAC

minimum possible adaptation and the leastst to meet the specific needs of a
person with disabilities, tpromote their availability and use, and to promote

dzy A@SNEI f RSaA3Iy Ay GKS RS@St2LISyd 2F adlty
f a¢2 LINBY2GS GKS RSaAays: RSGOGStE2LIVSYydszI LINER

accessible information and communications technologies sygtems at an
early stage, so that these technologies and systems become accessible at
YAYAYdzy O2aiG®é o! NIAOE S (KO

1.10:Digital Health

Vollmar et al. (2017)ecogniseshe terms cdigital healttt or ¢digital health applicatiorisas the
most comprehensi and inclusive as all information and communication technologies from the
health sector are included-or exampleg-health, mobile health, telemedicine, big data or health
apps. This definition illustrates the complexity of the concept. It is not lamite services or
applications, but contains many other concepts:

1.10.1EHealth and MHealth

The term stands for the use of information and communication technologies combined with
electronic devices in medical care and heakthated services (according to WHO in Albrecht, 2016).
Characteristic are information technologypported applications inhich information can be
exchanged and processed electronically, thus supporting the treatment and care processes of
patients (Klein & Oswald, 2020).

M-Health is a component ofleealth and primarily includes the use of wireless, im@bile devices
(swch as mobile phones, tablets or wearables) in prevention and health care with the aim of patient
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centred care (Klein & Oswald, 2020).

1.10.2Health Apps

These apps run on smartphones, smartwatches, tablets and PCs. They can also be linked to a variety
of sensorbased and information technology supporting devices, e.g., to measure vital signs, but
also to game consoles and virtual or augmented reality glasses. The apps can collect large amounts
of data.Thisdatais also calledBig DataArtificial intelligence (Al)s often used to analysRig Data

with the help of algorithms (Klein & Oswald, 2020).

There is a growing market for health apps: In August 2020 111,440 health and fithess apps and
50,930 medical apps could be downloaded on Google Play (iTyrme/App store not available).

The majority weradevelopedfor prevention(e.g., increasing movementelaxation andimproving
nutrition) and selfmanagementwith fewer being developedfor therapy, diagnosis and ithe
management ofliness(HealthOn Statistiken, 2021).

1.10.3Telemedicine, Tele monitoring, Telecare

Telemedicine, as well as tele monitoring and telecare are about health care services being provided
by health care providers outside traditional locations (Genprattitioner's office, Hospitals) by
means of information and communication technologies. These terms emphasize that the respective
services are provided froma distance by means of new technologies. With the help of these
technologies, better care can lpgovided in rural area%.g, via videebased remote consultation

hours or decentralised monitoring of patients with chronic diseases (Klein & Oswald, 2020).

Many digital health concepts or applications are related to AAL. They include a technology and
service provision with specifarganizational requirements.

1.11:Canection between théifferent Gncepts

Differentiation between the concepts which are connected to the field of Assistive Technology is
sometimes not obvious. The following figure aims to give an overview about hewlitferent
terms interact:

42

This project has been funded with support from the European Commission.

e Co-funded by the European Commission support for the prod.uctlon of this pybllcatlon does

x x Erasmus+ Programme constitute an endrsement of the contentswhich reflect the views only of the

Koxk of the European Union authors, and the Commission cannot be held resgaedior any use which may be
made of the information contained therein



- £xa
a / dzi-eddeDigital Skills foProfessional Camgivers v ]

of Persons with Disabilities and Mental Health Probleéns 5 DDSkills

Telecare, tele monitoring, telemedicine, e-health,
m-health, health apps

Home modification, AAL, monitoring systems,
assistive robots

Accessible
design,

universal 1
design

Home / Institution

Environment: district/region, health system...

Standards and values, guidelines and regulations, theoretical concepts and models

Figure9: AT and connected terms (own figure)

1.12:Acceptance of Assistive Technologies

Acceptance of Assistive Technologies is crucial for utilizing the full potential. Sometimes it is not
easy to reach acceptance for a product or a service because there are many external and internal
factors of influence. They can be obvioussalconscious In the followingsections connections
between those factors and user behaviour are described with the help of acceptance models.

1.12.1The Technology Acceptance Model (TAM)

Technology Acceptance Models aim to predict behavioural intention to use technology. The most
prominent and most used model (ClalRen, 2013) isTkehnology Acceptance Mod€TAM) by
Davis (1989).

In this model, it is assumed that intention is the bestdictor for actual use. Intention is influenced
by two attitudes:

1 Perceivedusefulness KA OK A& ai0KS RSAINBS (2 6KAOK |
system would enhance his or her jpbrformance (Davis, 1989, p. 320)

1 Perceived ease of uséhich isithe degree to which a person believes that using a particular
system would be free of effagt(Davis, 1989, p. 320)
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Percerved
usefulness \
External Behavioral Actual
variables intention usage
Percerved /
ease of
use
External Cognitive Intention Behavior
stimulus response

Figurel0: Technology Acceptance Model (TAM) (Davis & Venkatesh, 1996, p. 20)

This model wasdapted several times and other factors were added that influence perceived
usefulness and intention and therefore behavigWenkatesh & Davis, 2000)

1 Subjective norms: People chose the behaviour of which they think it is expected of them

= =4 4 A4 A -

* Co-funded by the

*x
* *
Erasmus+ Programme
ok

of the European Union

Output quality: How well the system performs

Image: The inflence on the social status in which the usage results
Jobrelevance: Degre¢ ¢ KA OK | aeadsSy Aa

I LILX A OF of S

Result demonstrability: If the covariation between usage and positive results ésrdtde
Experience: The intention may change over a certain time of usage

Voluntariness: There may be a difference between mandatory and voluntary usage settings

Usage
Behavior

Technology Acceptance Model

Experience Voluntariness
Subjective \\l /
Norm
\" /3 Perceived
Image Usefulness
Intention
Job to Use
Relevance /
Perceived
Output Ease of Use
Quality
Result

Demonstrability

Figurell: TAM2 (Venkatesh and Davis, 2000, p. 188)
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1.12.2TheUnified Theory of Acceptance and Use of Technology (UTAUT)

In a summary of multiple acceptance models Venkatesh et al. (2003) developed the UTAUT. In this

model behavioural intetion and uagebehaviour are determined by four direct factors:
- Performance B LIS Ol I y O& Y aliKS RSINBS (G2 HKAOK Iy
gAff KStLI KAY 2N KSN) G2 LFLaalAy 3JFEAya Ay
- 9FF2NIL SELSOGlIyOey aitkKS RSINBS 2F S1as
- { 20Xt Ay T dzSwhdtbar individ#alperéeiBes i iBipoitaht others believe

KS 2NJ aKS akKz2dZ R dzasS (KS ySg aeaiasSvyodé 6L

- CFEOAtAGFGAY3 O2yRAGAZ2YAY GGKS RSINBS G2
and technical infrastructure exists to support use of hé 8 1 SYP¢ 6 LD npo

In addition, the influence of four key moderatorss described: Gender, age, experience and
voluntariness.

Performance
Expectancy

Effort
Expectancy

Behavioral . Use

Intention /; Behavior

Social
Influence

Facilitating
Conditions

Voluntariness

Gender Age Experience of Use

Figurel2: The UTAUTVEnkatesh et al., 2003, p. 447)

1.12.3 TheMatching Person & Technology (MPT) Assessment Process

To identify the most appropriate technology for a person the Matching Person & Technology (MPT)
Model and assessment instruments were developed by Scherer (1998, p. 1). In an assessment

process
! theuseQd yYSSR&a FyR 321 fax
1 potential barriers to optimal technology use,
i areas to target for training for optimal use,
1 and the type of additional support that may enhance use
are identified. The MPT forms are also administered post AT acquisition to asargex
In the MPT process, user and provider are working together in six steps. In the third step, the
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Assistive Technology Device Predisposition Assessnf@mD PAj)s administered. The ATD PA
1 GAYljazXx 8B a0O2yadzy SNAQ & dzo 2edt@chiev@rBentsih alvaret§f of OG A 2 v
functional areas (9 items),

9 asks consumers to prioritize aspects of their lives where the most improvement is desired
(12 items)

f LINPFAESa O2yadzYSNEQ LIAE@OK2a20Alf OKF NI OdGSNAR
T FYyR Fala F2N O2yadzYySNAQ @ASga 2F GoSt oS |
devi 0S¢ O6{ OKSNBNJ 3 / Ny RR20O1Z HAAHI LI® HOOD

The MPT progress can be carried out in various settings and with different AT users.

ax

1.13.Ethical Aspects

Implementation and usage of Assistive Technology can raise ethical questions. AT providers,
prescribers, and caregivers have to considerate the pros and cons and advise the potenti@ users
the best of their abilitiesMany aspects have to be taken incaant here. The chapter presents
ethical principles, possible issues and an instrumentptovide a framework forfacilitating
decisions.

1.13.1Ethical Rinciples

Five ethical principles are described by Kitchner (2000). Cook (2009) applied thegagsrifur
Assistive Technology development and application, Panico et al. (2020) for AAL technologies:

1 Autonomy (freedom of choice and actiog)For AAL technologies this means that the
technology must not interfere with the will of the person it is carifor. People should
maintain responsibility for their decisions.

1 Beneficence (ensuring that actions benefit othegshpplications should be only on the
benefit of the individual.

1 Nonmaleficence (not causing harm)rhisalso includegpsychological or eotional harm,
(e.g, when people are forced to usapplications,they do not want or if they perceive
themselves as disabled by using tHeBut nonmaleficence can also mean not withhirld
an assistive product.

9 Fidelity (faithful, trustworthy, honest and loybEhaviou) ¢ People must be able to trust
the device and have confidence in the hurrraachineinteraction.

9 Justice (fairness in individual, interpersonal, organizational and societal contexts}
may cacern the question who is provided with which devices and services in a society.

Cook also addresses the principles of utility, which can be sedreasquirement that a device
provides useful functions for the user (Panico et al., 2020) and indepengdeviieh means
maximum participation in society (Cook, 2009).
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1.13.2 Ethicakbkues inHealth Care dchnologies

Relevant critical ethical and social issues of health care technologies are summarized by Stahl and
Coeckelbergh (2016):

1. Implications for society and health care
1 Replacement and its implication for labor
1 Replacen]ent arld its i[nplicatiorJS for the quality of cgreehdmaniga;ion and
aO2f R¢é OIFINB ofSaa KdzYly O2ydl Ou0
2. Implications of technology taking over task from humans
1 Autonomy (How autonomous should the technology operate?)
1 Role and tasks (Technology and human: who leads, who assists?)

1 Moral agency (Ethical reflection in critical situations cannot be secured by
technology)

T Responsibility (Who is responsible, especialiyautonomous systems?)

1 Deception (Is a potential deception e.ghrough robots as social companions
justifiable?)

9 Trust (To which amount can we trust the technology?)
3. Issues concerning human users

1 Privacy and data protection

i Safety and avoidance of harm

In summary, ethical aspects do not only concern the individual who is provided with AT but also
informal and formal caregivers and other professionals and service providers, as well as society in
general.

1.13.3The MEESTAR Model for the Ethical Ekgation of Socid echnical Arrangements

MEESTAManzeschke et g12015) describesdodel for theBhical Evaluation ofSocio-Technical
ARangements and provides a framework to discuss and assess assistive technologies with respect
to different ethical walues and different perspectives (individuatgansationaland social). It also
covers practicalprgansationalissues such as obtaining informed consent.

1 The model contains seven ethical valuesdmples for ethical related questions)
Care (Changes in the relationship?)

Autonomy (How can people be assisted in their autonomy?)

Safety (Any conflicts between privacy and safety or autonomy and safety?)
Justice (Who gets access? How istdehnology financed?)

Privacy (Protection of cognitive impaired people?)

Participation (What participation for older people?)

O O O O o o o

Selfconception (Social constraints arising from the images of technically assisted
age and aging?)
47

This project has been funded with support from the European Commission.

e Co-funded by the European Commission support for the prod.uctlon of this pybllcatlon does

x x Erasmus+ Programme constitute an endrsement of the contentswhich reflect the views only of the

Koxk of the European Union authors, and the Commission cannot be held resgaedior any use which may be
made of the information contained therein



of Persons with Disabilities and Mental Health Problegns

. £xa
a / dzi-eddeDigital Skills foProfessional Camgivers
O DDSKkills

1 Three perspectives have to lsensidered:
0 Individual level
0 Organgational level
0 Societal level
I Stages to assess the technology
o0 Stage |: The use is harmless
o0 Stage Il: There is an ethical sensitivity
o Stage lll: The use is extremely sensitive and requires action
0

Stage IV: The ud®s to be rejected from an ethical point of view

y —
g~ 4
=
fé‘"
;4
stagel: Itsuse i letely harm| 9
%" froman emicalviewpoimt M gﬁ
Stage Il: Its use is ethically sensitive but Z gr' ﬁ
this can in practice be compen- 9 v
sated for g ?
Stage llI: Its use is ethically extremely % 4
sensitive and requires either ( ﬁ
permanent monitoring or its / &
introduction should be ﬁ,

questioned

Stage IV: Its use should be opposed from
an ethical viewpoint

Figurel3: The MEESTAR (basedwsmzeschke et al., 2015)

Example: Ethical Issues in-Btbject ISUPPORTED BATH ROBOTS

A robot wasdesigned to help people with functional declines to take a shower on their own.

LYGSNBASsEa |yR FT20dza 3INRdzZLJA ¢SNBE KSf RReduls TAYR

indicate different perspectives of primary and secondary users:

1 Primary usersstress that they want to wash themselves independently and have choices
according to theitifestyle preferences

I Secondary users see the benefiind stress their contribution to the care process (promoting
remaining resources, monitoring skin aneéalth status, relationship work)

Conflictig dimensions: autonomy and care, privacy and safesstice and safety, choice and

1HORIZON 2020 PHG2014; Research & Innovation Actions; Grant agreement n°: 643666
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justice,humanrobot-interaction and care

1.14: Data ftection in the EU

In the EU, data protection is regulated in 8eneal Data Protection Regulation (GDPR) 2016/679
It was passed in 2016 and has to be adopted in member countries since 2018.

In this regulationi.e., in the Article 8(1) of theCharter of Fundamental Rights of the European
Uniono G KS W /arfd IAMdie S B(X) Of th@reaty on the Functioning of the European Union
(TFEU)the protection of personal data is described as a fundamental right.

For personal data processing, the following principles are specified:
1. Lawfulness, fairness and transpaoy in relation to the data subject
2. Purpose limitation: Data has to be collected for a specified, explicit and legitimate purpose

3. Data minimisation: collected data has to be adequate, relevant and limited to what is
necessary

4. Accuracy: Data has to be kagt to date; inaccurate dathas to be erased

Storage limitation: Data has to be kept in a Wt identification is possible no longer than
necessary

6. Integrity and confidentiality: Data must be protected with appropriate technical or
organisational meases against unauthorised or unlawful processing, and accidental loss,
destruction or damage.

In terms of data processing with Assistive Technology, the following articles of the regulation are
relevant:

9 Article 6 statewhen data processing is lawful, this is the c@esg, if the data subject has
given a consent

1 Special categories of personal data such as health data or biometric data are protected
under extra conditions in Article 9.

The rights of the data subject are stated in Arsde-23.

Articles 2443 are concerning the controller and processor.

1.15:Usability and Participatory Design

Assistive products and technical aids as well as apps and internet platforms have to conform to
legal normativeand also accessibility standards if companies want to provide thenudige and
acceptance factors like ability or usercentred design also play an important role. Today,
caregivers often do not feel involved in the development of digital technologigish could

facilitate their working life (Daum, 2017). Technologies are mostly developed in labs where
engineers work on technicahallengesp dzii G KS &2t dziAz2zy R2S&a y20 Fftgl
and values (Merda et al., 2017).

The principle is the same faisers with functional, cognitive or mental disabilities. To make sure
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that Assistive Technologies fit for them and that they like their usage, engineers have to involve
usercentred factors like simple menu structures, easily understandable terms cagsspith good

contrast and adjustable volume in the process of development and design.

¢tKS a02L)S &aK2dzZ R y2G 0SS é6KIG Aa GSOKyAOIrfte FSI
Ot ASydiaQo NXBI dzAh NB Y Sy (i aPadicipdusryDestyiis considerEd teibe thep 0 © ¢ K
Stateof-the-Art in technical design (Klein & Oswald, 2020). It aims to make users participate in the

design process so that the result fits their needs.

In a systematic review Merkel and Kucharski (2019) reported studie¢dntived users in various
stages of the innovation proce@Sramework from Shah et al., 2009)

1. Idea generalization and conceptualization

2. Device (re)design and prototype development
3. Prototype testing

4. Device deployment in the market

The authors state thahany studies only focus on one phase and not on the whole process (mostly
focusing onphases 2 and 3) and that the participating users are often not equal partners who
influence decisions. They recommend evaluating participatory design approaches ftveposi
outcomes This mayead to an increased willingness to use a devicerbay alsoresult in the
involved users felingadequately integratedh the process.

Another approach of involving broad networks of the general public in scientific research is called
Citizen Sciencdt describes networks of collaborating peopleaytrovide data for researchets
developnew research questions and so also get a bettedlarstanding of scientific work. These
collaborations lead to more democratic research (Socientize, 2015).

1.16:Current andruture Developments

With a trend towards a more inclusive society the living environment and mainstream products are
accessible and usable for a larger amount of people with disabilities.

This can be observed especially in ICT products (AAATE & EASTIN, 2012). Appkeatjmrech
recognition and read aloud functions help people with vision impairments, auto correction supports
people with difficulties in writing. For a lot of situatigres smartphone or a tablet can replace a
specific assistive product (Klein, 2020).

Appsfor Augmentative and Alternative Communication (ACC) canske via aablet; a specific

talker is not needed then. Video chats can help people with hearing impairments to communicate

in sign language and messenger serviaams be usedommunicate inwritten languagdor people

who do not understand sign language. In many cases, one device can even replace several specific
aids. An additional advantage is that commercial products do not stigmatize their users in the same
way as specific assistive prats sometimes do (Kreidenweis, 2018).

The application of sensors will simplify life more and more, especially when linked to a smart home
environment. Invisible applications can regulate home environments independently or by speech
control, which is espeally helpful for immobile people.

Individualization is very important for many assistive products in terms of operation (handles,
switches) or fit (prostheses, hearing aids). Another trend in AT can be printing individual parts or
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whole devices with a 3printer (Klein, 2020). This could offer new possibilities of individualization.

Topic 2.Smart Home

2.1: Introduction

G{ YF NI | 2YSa -effettiye inlaiNiBg#hs elderdy anil disabled to remain in the home for
longer in a norobtrusive way. Tisi can allow greater independence and quality of life while
reducing the chance ofsociala 2 f  GA2y é o. SyySid S IfdX HamT I LX

Smart home is a considerably old terfinst introduced in 1984. The first ideas of augmenting the
homewith technology are even oldehaving been establisheid the 1970s with the development
of the first microprocessors (Bennet &it, 2017).

Smart home technologies cover a wide range of different services. Generally speaking, smart home
products offer comfat, security or healtkrelated solutions in the home environment. In the
following sectionthe main focus will be on healthcarelated smart home technologies. Since
other categories of smart homeuch as general domestic appliancaso offer assistase that can

be helpful for elderly persons and people with disabilitiegsthwillalsobe covered.

Due to itsfastevolvingnature, smart home technologies are difficult tonsistentlydefine, but
they promise considerable advantages over their+samat counterparts. In the followingection
0§KS GSN)Y d&anitheNdiuctite2o tBeétechnologwill be explainedExamples of smart
home usefor supportingpeople with disabilities or functional decline will peovided alongside
the benefitsand concerns of smart home technologies

2.2: Definitions

A 2 4 A x

¢KS GSNX¥Y& a{YIFINIL 12YS¢ IyR (GKS O2yySOGSR LKSYy
below:

2.2.1 Smart Home

+F NA2dzd RSTFAYyAGAZ2ya SEAAG FT2N GKS GSNY aavYl NI
others on functionalities or services. The following two definitions give a broad overview:

l'f RNAOK oHnno0v RSAONAOGSR | &Yl Nitng2dYn®rmatédn o NB.
technology, which anticipates and responds to the needs of the occupants, working to promote

their comfort, convenience, security and entertainment through the management of technology
within the home and connections to the worldtey R¢ 6! f RNAOK HnnoX LI mMTO

According to Brendel (2019) the term smart home refers to a home that is equipped with
information and sensor technology and is networked both internally and externally. Related terms
are "smart living" and "intelligent home"h€& aim of smart home is to increase the quality of life
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and living, of security and of energy efficiency, which has both economic and ecological
AYLX AOFGA2yad . NBYRSt faz2 SYLKIFaAxasSa GKS aiNe
¢CKAYy3aé oL2¢0O®

Depending on the implied definition of smart home, certain devices or functions may be included

or excluded. For exampleelecare can be included or excluded depending on the given definition
(e.g, Tang & Venables, 200@alero, 2007).

2.2.2Internet of Things

The phenomena Internet of Things (I0T) describes the concept that things like sensors and mobile
LIK2ySa GAYGSNI OG ¢AGK SIFOK 20KSNJ FyR O022LISNYGS
(Atzori et al., 2010, p. 2787). This offers huymgsential e.g, for the health care and smart
environment domain.

According to Atzori et a{2010)benefits from loT technologies are:
1 Tracking: identification of a moving person or object

1 Identification and authentication: to reduce incidents through mismatching and for security
procedures

9 Data collection: to reduce processing time, for process automation, for automated care and
processing auditing

1 Sensing: Sensor devices provide realktimformation e.g, 2y LJS2 LJ SQa KSI f (K
allow patient centred care

In a smart home environment, sensors and actuators can help to adapt room heating and lightening
according to the weather or thdaytimeor to avoid accidents with monitoring andaam systems
(Atzori et al., 2010).

2.3: Buildingdutomation

It is possible to use certain smart home applications or to organize the whole flat or house as a
smart home. This is mainly possible in new buildings because it already has to be takeodotd ac
when planning and equipping the building. In the following, the modes of operation of building
automation are presented in a simplified manner.

Figure 4 shows the different levels of building automation. The basis is formed by the electrical
installations which are controlled to carry out specific applications in the home. They are
responsible for the distribution of electricity, water, gas, telephone swernet. In a smart home,
they are controlled with the help df & 2 BUStsystBri®hattinterlinks the components
(Aschendorf, 2014).

The building automation then contains sensors and actuators. Sensors collect data by measuring
specific conditionse.g, the temperature. Via the BUS system this data is sent to the actuators,
where various processes and functions are carried out, and thg.heating is turned down
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(Aschendorf, 2014). This data can also be directly sent from the control and reguéatel if the
function isprogranmed (Wosnitza & Hilgers, 2012).

The components on the control and regulation level transfer data to the BUS System. They are
responsible for the time and presence control and for the analysis of temperature or thedjght

a room (Aschendorf, 2014). The regulation works via a comparison of actual and target values. The
target values have been set before the actual values are recorded by the sensors (Wisser, 2018).

On the top is the management level. Here all the fiors can be visualized and manually
controlled, and as well as faults are reported. Operating elements can be displays installed in the
building, remote control or PCs, notebooks, tablets or smart phones. With a mobile device,
functions can be controllediaan app from anywhereincludingoutside the home (Aschendorf,
2014).

Management

Control and regulation

Sensors and actuators

Electrical installation

Figureld: The different levels of building automation (based on Wisser, 2018)

HEnY [ Sr@NTay ST £a

CKS GNIyaixdAzy TFNRWING K2NBEYIANE RSEONROGSR AY
Furszyfer Del Rio (2020):
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Level 5: Sentient

Level 4: Intuitive

Level 3: Automated

Level 2: Bundled

Level 1: Isolated

Level 0: Basic

Figurel5: Smart Home Levels of smartness (adopted from Sovacool & Furszyfer Del Rio, 2020, p. 7)

On the basic level, the home is completely agale without any smart technology. On the first
level, some isolated smart technologjssich as a smart Tdre implemented which then become
bundled andorogranmable on the second level (e,the TV is coupled with a laptop).

On the 3rd level, greater ammation occurs, the systems begin to interconnect and anticipate
certain needs. On this level, appliances are turned on shortly before the user returns Ablese|

4, g/stems react to sensors, begin to learn and to adapt their service provision on context. For
example, the lights turn off if the sun is coming out. At level 5, the home automaticidllimeet

and anticipates all household needs.

A 6" level is discussedhere intuitive or sentient smart homes become interconnected in smart
neighborhoods, communities, and citi€dofvacool & Furszyfer Del Rio, 2020)

2.5: Smarbevices

Smart devices, also called smart home produstssmart technology are everyday objest
upgraded with information technology that receive added value through sesigpported
information processing and communication (Lackes & Siepermann, 2018). Main characteristic of
smart technology is to appropriately react to information collectexhfthe surroundings (Chan et

al., 2008).

The number of devices on the market is huge. Schiefer (2015, p. 116) grouped them in 15
categories:

1 Controlling System®roducts like base stations, systems that only control the Smart
Home(tablet/smartphone and apps
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1 Security Systembock systems, surveilh@e cameras and similar devices

1 Safety System$roducts to detect and avoid threats to life or physical condition,,e.g.
detection of gas or water leaks and smoke detectors.

1 eHealth System®evices for medical inspectiandmedical assistance

Measurement and Senson/ater meter, electric meteetc.

Heating, Ventilation and Atonditioning S/stems to regulate room temperature and air

ventilation like thermostats, cliate control units or gntilator

Light and ShadowbDevices emitting or preventing light, likkemps, awning and roller blind

Kitchen Device$roductdike cooker refrigerator and coffee maker

Water SystemsTap, bath tube and toilet as well as lawn sprinkler

Cleaning SystemSystems to clean up, like washer, dishwasher, but also robots for

vacuumecleaning

1 e-Pet SystemsThis category consists of every device around pets or animals. This can be a
necklace folocating, a robot to stroke or an automated feeding system.

1 Entertainment Audio systems, television, gaming consoles, toy robots

1 Pieces of Furnitur&eating and sleeping accommodation like massage givittgesses,
as well as desks, closets

1 Agility DevicesDevices for transporting persons, like cars, bicycle and bicycle gadgets

1 Others

= =

= =4 -4

2.6: Smart Home Technology and AAL

I 02y OSLIi dGKFd Aa aaNRBy3ate NBEFGISR G2 aYlFNI K2
(AAL, see chapter 1.7). The term AAL is defined as concepts, products and services combining new
technologies and the social environment and improving thettle thie aim of enhancing the quality

of life for people at all stages of life (DIN SPEC 91280, Tthéjocus is on helping peopleremain

independent in their homesin old age or wittdisabilities.This can also be with the help of smart

home technolgies such as smart doorbells, fall sensors and intelligent refrigerators. So AAL can be
described as field of application for smart home technologies (Wisser, 2018).

In general, mart hometechnologies focus on:

1 Entertainment & lifestyle

1 Work and communiation (e.g, Home office)

1 Sustainable housekeeping trough enesgaving heating and light control

1 Safe living (door and window surveillance, holiday management)

1 Health and nutrition (BITKONO01J.
But the devices are also often useful for people in olel@gwith disabilities, such as smart speakers
being useful to compensate restricted mobilitho, the transitions between smart home

technologies and AAL applications become more and more fluid in the health and social care sector
(Choi et al., 2019; SamezComas et al., 2020). According to Eberhard (2020) the smart home
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approach is based on connected components, where else for AAL applications also individual smart
products can be helpful.

2.7: SmarbDevices in the AAHeld

Smart devices casupport people in old age or with disabilities living in their home environment
YR NBtASHS OFNBIABSNE GKNRBRAIAK aeadsSvya GKIFG NI,
2018). These are especially systems for environmental control and healthcaificsgevices.

2.7.1 SmartDevices foEnvironmentalControl

This category includes smart devices that enable the user to control certain aspects of their home
environment. Examples are presented for specific disabilities or functional declines:

1 Immobility: Automatic dooropening,sensorbasedproducts for heating, shutter opening,
and lighting, smart speakers or remote control to avoid walkirgwitch on and off things,
electronic beds or armchairs, fall detectors

1 Vision impairment Voice command to aurol everydayactions (e.g.switching of the
cooker, or switching on the washing machine), get information or send messages;-sensor
based products for orientation in outside spaces

1 Hearing lossVibration alarm from the door or the smoke detector to aasrabledevice

1 Cognition Drug reminder systems, smart home sensors that recognize deviations and
initiate an alarm call, house emergency system, automatic cooker saifch

Functions which are very useful for people with various declines are voice control and voice output.

{ SOSNIt O2YYSNOAIf LINPJARSNE 2FFSNJ aLISOALE aay
Home or the Apple HomePod. These devices provide the paydibitiontrol interconnected smart

home technology by voice (Noda, 2017). Some functions are provided by the speaker itself and only
require an internet connection. Apart from playing music, a smart speaker can e. g. set alarms or
reminders, manage calendaor shopping lists, as well as search the web or order items (Bentley

et al., 2018; Noda, 2017).

While many function&elp to improve quality of life, some functions alficectly apgy to improve
health conditiondike asking for the nearest eduty pharmacy, making an emergency callusing
a reminder formedication.

Particularlyfor people with restricted mobility or restricted vision the voice control can contribute
to a barrierfree environment makingliving at home moreautonomousand reducing he burden
of demanding help from otheréNoda, 2017).

Disadvantages of smart speakers can be data security ses&ghapter 2.1
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2.7.2 HealthcarespecificSmart Devices

Smart home devices of this category are developed in order to prasotigionsfor specialised
health conditions. The two main applications are the management of chronic diseases and
independent living in old age (BITKOM, 2011).

Management of chronic diseases

Persons with chronic diseases asse devices taneasure their ital signs €.g.,pulserate, blood
pressure, respiratory rate) or other paramesde.g.,weight, blood sugar) with smart devicesd.,
wearable, smart scales, smart blood glucose measure) which send the data to a pléfgrnon

a smartphong. Peopk can then exchange these data with their physician or a medical/nursing
service, so that the parameters can be monitored. In case of emergency, saved contacts like a family
member or a medical service can be called automatically (BITKOM, 2011).

Independent living in old age

Smart home emergency systems can detect emergencies, as well as deviations from daily routine
which indicate potential danger, especially with regard to people living alone. This goalssdreali
by measuringactions within determinegberiods of time and areas of the home (Eberhardt, 2020).

Home emergency systems mainly contain an emergency button with a design often similar to a
wristwatch, necklace or an electronic car key. They can be used for years without recharging.
Additionally,sensors can be installed in tiflat in order to measuretrack daily home routines.

For example, accidents at home are often related to slipping, tripping or falling. In somgticases
accidents lead to situations, in which people (for instaeterly persons) lie on the ground for
long periods of time unnoticed by others, being unable to call for help themselves due to injury. In
situations like these, usepf home emergency systesitan push themergencybutton to initiate

an emergency callrahe system itself registers an anomaly in the daily routine and informs the
according services or relatives (Eberhardt, 2020).

By providing permanently active safety support, the home emergency system disburdens the user
of the fear of being unperceivedthenever accidents occuand therefore providesupport for
autonomous living in old age, with disabilities or with diseases. By dojtigesemergency system

also provides relieve for relatives and healthcare professionals that no longer fear unnoticed
accidents.

2.73 Generations dimart Devices: Example Telecare

Smart home technologies became more innovative over titngood example of this progression
is intelecare (Klein et al., 2013):

57

This project has been funded with support from the European Commission.

e Co-funded by the European Commission support for the prod.uctlon of this pybllcatlon does

x x Erasmus+ Programme constitute an endrsement of the contentswhich reflect the views only of the

Koxk of the European Union authors, and the Commission cannot be held resgaedior any use which may be
made of the information contained therein



. £xa
a / dzi-eddeDigital Skills foProfessional Camgivers v ]

of Persons with Disabilities and Mental Health Probleéns 5 DDSkills

1. Generation

Basic personal alarm, the alarm has to be triggered and a telecare center
is alerted; call operator and service user can talk to each other and decide
on appropriate action

2. Generation
Passive, automatic alarm, e.g. heat sensors, water detectors trigger the
alarm

3. Generation
Based on user profiles alarms are triggered by specified deviations

4. Generation
Web-based communication platforms integrate different technological
systems and devices as well as different services

5. Generation
Integration of robotic devices in the process e.g. telepresence robots

Figurel6: Generations of telecare (Klein et al., 2013)

1. Generation: Basic social alarm

The devices provide more safety for older persons because they can raise an alert to a telecare
centrein the case of an emergency. The call operator in the telecantre and the service user
can talk to each other and decide on appropriate action.

1 The alarm has to be triggered actively

i Base station in private home connected to tieéephone network

1 Base station has handsee system witHoudspeaker and microphone

9 Service user must carry a small transmitter witish button (radio finger)
o Bracelet, watch or chain
o Allows an alert to be triggered from any location at home

2. Generation: Passive and automatic alarm

{ Syaz2NB daN&@gehgy elgSnoke) and tigger an alarm to the telecareentre. No
action is needed by the older person.

1 Alarms are triggered when specific thresholds are metR®ILISY RAy 3 2y GKS
that can be later translatedccordingly to a specific event.
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1 Some of these sensors gimate from security technologies (e.eat sensors, water or
smoke detectors)
1 Sensors used fdrealth-relatedtopics such as fall preventiga.g., accelerometer, locations
sensors, fall mats doracelets)
o0 Epilepsy sensors can be integrated into ted andtrigger an alarm during an
epileptic attack

3. Generation: Devices are able to monitor the service user by predefined profiles

The third generation comprises sensors allowing a more complex "intelligent” approach for an
alarm situation Alerts can be triggered according to the profile of the user.

1 Movement or magnetic contact detectors are installed in thgartment, which can
measure activity events
0 Activity is automatically registered when a person passes by. Only whersé¢ns
daily activities differ from the defined settings, an alarm is triggered
o0 The same applies to a contact detector at the refrigerator or the bathroom door
1 New range of devices due to Internet of Things (loT) aflmwe possibilities to define
emergendes (e.g, Wearable device with IMU (Inertial Measurement Urit)d a button
with WiFiand BLE (Bluetooth Low Energghnectiviy)

4. Generation: Wekbased communication platforms

A webbased platform allows personal alarms, web pages and apps, smad temhnologies and
other technologiego be linked Different technological systems and devices as well as different
services can be integrated.

5. Generation: Integration of robotic devices

Robotic devices can be integrated in the telecare services.

1 Already commercially available products are telepresence rofustthe integration inthe
telecare process

2.7.4 Controlof Smart HomeDevices

The operation of smart home environments can be diffi¢att inexperienced useréEberhard,
2020):

1 Simple switches can not only switch something on and off aremibup and downbut
may trigger something different with a single click thvaith a doubleor triple click. A
short press may mean something different than a long press

1 Symbols on switches have to be understood amll font sizebe read
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1 On tablets or monitors, colour contrasts and font sizes cannot always be changed which
may be difficult vith vision decline

1 The use of a touchpad can be difficult witty fingers, which often pose a problem to
elderly

1 Control via voice commanmay be difficult for people with dialect or accent as well as
with speech or language disorders

Some of these difficulties may not only occur with the actual users/residents, but also with staff
involvedin the health and social care sec{@&@berhardt, 2Q0).

2.8: Acquisition oBmart Home Technologies

If a client is interested in obtaining smart home technologies, there are two ways of financing. If
the device is classified as assistivenedical device, it can be funded partly or fully by insurance
or stateprogrammes (Peckham, 2018PDtherwise, the customer can purchase the device privately.

Funded by insurance or statgrogrammes

The financing of assistive devices differs widely within the statetheofEuropean Union. See
chapter 1.6 for examples, how the provision in Germany and Italy is regulated.

Privately financed

If not classified as a medical device, users can privately acquire smart home devices or functions via
two routes. Either by purchasing a package from a smart home service provider, or by selecting a
odo-it-yourselg option (OECD, 2018).

Packages of smarhome service provider (also called multiple system operators) contain
assortmerts of complementary devices (g. smart lock + doorbell). Along with providing smart
home packages those companies also undertake the installation and continuous support.
Corsumers pay fully or partlior the acquirement of the packagesd/or a subscription fee over

the contract duration (OECD, 2018).

Otherwise consumers can choose dhtdo-it-yoursel€ option. Then they select a smart home
technologyfrom a manufacturer oretailer and instalit on their own Similar to the first option, in
some cases a subscription fee has®paid in order to receive associated functions (OECD, 2018).
Aside from thatthere are insances in which options amixed (e.g, a package sulasiption and
payment of related devices) (OECD, 2018).

Neither one otheseoptions can be considered appropriate without taking into accountuhigue
situation. As many smart home devices are dogtnsive, a subscription may enable an early
acquirement but commithe clientto a specific company. This can prove to be a disadvantage in
somecases, whe a better device of another company appears oni@ket. Also due to the rapid
development of smart home technologyevices and services may become outdated relatively fast.
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On thisbasis purchasingof a device may turn out tdbe a money saver, at could bea bad
investment.

2.9: Benefits

Smart hoS (SOKy2f23ASa R2y Qi NBIdZANBE | OGAGS | OGAz2
therefore seamlessly integrate into everyday routines. If intendedly working, devices like fall
aSyaz2zNa 2yfeé SYSNHS 6AGKAY (GKS dzinSneflidenthdnBO S LIG A 2
care environment that may not be perceived as controlling.

Main benefits for clients in health care are the specific functions of the devices, care accessibility

YR F@FAtFoATAGRY a ¢St f healthdaiedWibkean é &l.72810e > f St
Because of their connectivitgmart home technologies can increase reliability of tlsirvices

thus enriching user experience. By connecting the user to the outside world smart home may also
improve socializationrad support of overcoming the feeling of isolation (Marikyan et al., 2019).

Other benefits of smart home technologies are health monitoring and disease management. For
example smart home devices can be used for monitoring the cognitive state of eldedgl®

enabling an alert when health inconsistencies occur (Czaja) ZIMi6 isespeciallysefulfor elderly

people, people with disabilities or people with chronic disea$®ihin these populationssmart

home technologies contribute to a better helalassessment. They improve quality and quantity of
AYTF2NXYIEGA2Y GKFEG OFy 0SS dziaAft AT SR o0& | Ot AYyAOALl
andbehavioual patterns can be translated into accurate predictors of health risk, even at an early

stage, and can be combined with alatriggering systems as a technical platform to initiate

F LILINPLINA I GS | OGARIBE 6/ KFy SiG Ff®dX wHnnd

With regards to possible ass, many target groups can benefit from smart home technologies.
Chan et al(2009)see the followingyroupsas relevarnt

1 People living alone who are unable to seek help in emergencies (unconsciousness, falls,
strokes, myocardidhfarction, etc.)

1 Elderly or disabled people who suffer from cognitive (Alzheimer disease, dementia, etc.)
and/or physical (visual, hearing, mibity, speech, etc.) impairment

1 People who need help in daily life to perform personal care activities (eating, toileting,
getting dressed, bathing, etc.) and instrumental activities (cooking healthy meals, dealing
with medication, and doing laundry)

1 Informal (family, friends, neighbor people) or formal (care provider) caregivers for the
elderly or the handicapysk

1 People living in rural and remote communities or in urban communities witheiaake
health service provision

1 People who suffer from chronic diseasnd who need continuous monitoring (diabetes,
cancer, cardiovascar disease, asthma, COPD, etc.)

1 People involved in telehealth care undertaking health care at a distance or telemedicine,
GAOK LIK@AAOALF YA UIMNMANGLRIA2000) ). WOA Nl dzZl £ OAAAG&Q
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2.10: Statistics o8nmart Home

According to latest estimations, smart home revenue in Europeeidictedto increase sharply over
the nextfew years.It is suggestethat revenuescouldmore than quadruplicate between 2017 and
2025 (from 9.7 million to 38.million), which indicates high growth of the user rate, as wels
growing interest in smart home technology (Statista, 2020).

Regarding the differentestors no change of order is expected. While evsggtor will increase

0KSANI NBO@SydzS: W{YINI !@BAHAQYIOVBR QF{ YO ENKINRD & N
AYyGSaANIFt LINL 2F AYIFINI K2YS NBGSydzSo /| NBI GAy3
OYUSNIFAYYSYGQs W9ySNHBE al ylF3aSYSyidQs |yR W 2Y7¥z
third of smart home regnue (Statista, 2020).

TheSmart Home Consumer Survey 20@B8ducted by Deloitte provides an additional overview i
regardto smart home usage for Germany. In this studgloitte analyzed the results of an online
survey conducted with 2000 German smadnie users between the age of 19 and 75 (Deloitte,
2018).

Theresultsfrom the study about interest in smart home solutiofiSigure ) reflectthat, even
though smart home products can be of good use in healthdheeactual usersend to be more
interested in products that provide solutions for home comfort or security, rathen t@althcare
(Deloitte, 2018).

In any of tlese categoriesat least 20% of the qrticipants were planning to bugn associated
productin the next year (Deloitte, 2018). Even ifede buying intentions may not be realized, it
reveals a strong urge to ownirsgnart home products.

Interest in smart home solutions

EOwnit mGenerally interested planning to buy it next year

|
Smart door lock 20%

Lawn robots 22%
24%‘
31% |
SO
| | — |
| 28%

Smart cleaning appliance
Home emergency system
Smart houshold appliance

Smart speakers (e.g. Amazon Ech

Media server

Figurel7: Interest in smart home solutions (adopted from Deloitte, 2018)

Around 20% othe respondentdbetween age 19 and age 54 use smart home prod(kitgure 8).
Within the two older age groups the usage decreases (Deloitte, 2018). In this sample only 14% of

This project has been funded with support from the European Commission.
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people between 5%4 and 9% of people over 65 years use smart home devidespitethe
promising benefits bsmart home technology for the 65roup, smarthome devices araot yet
accordingly used by thenThis might be the cause for the underrepresentation of healthcare
appliances.

Smart home usage by age groups

25% 23%
20% 19% 19% 19%
15% 14%
10% 9%
5%
0%

19-24 25-34 35-44 45-54 55-64 >65

m Smart Home Usage

Figurel8: Smart home usage by age groups (adopted from Deloitte, 2018)

There is a strongelation between net income (per month) and possession of smart home devises
(Deloitte, 2018). This may imply that potential users in lower income groups consider smart home
devices as being toexpensive relative to their efficienc{see figure 9).

Proportion of smart home users by

income class
30% 27% 28%

25% 2204
20%
15% 14%
10% 8% 9%
o j l
0%

f M AG0LH n n20@lko n n30@1kn n n40@Lkp nnpanme
above

m Smart Home Usage

Figurel9: Smart home consumer survey (adopted from Deloitte, 2018)
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While it is expected that the cost of smart home deviadsdecreaseovertime, this issue should

not be ignored with regard to healthcare. After all, high castsld further increase inequality and
prevent equal access to smart home if the costs are not adequatelgred by the state or

insurance

Taking into account the results of the Deloitte study, headtlated snart home devices so far have
a relativelylow impact onthe target groupscompared to their theoretical potential, especially
among older people.

2.11: Ethical &egalConcerns

In their integrative review Chung et al. (2016) discuss ethical concerns of smart home technologies
for older adults. The aspects are not focused on health saréices butelated to all target groups
of smart home usage. Chung et al. outline seven kexdsions:

1. Privacy

Informed consent

Autonomy

Obstructiveness

Equal access

Reduction in human contact
Usability (Chung et al., 2016, p. 155)

No gakowbd

2.11.1Privacy

By capturing datan the home environment smart home technologies promise to improve
functional health, quality of life, security and safety. But by doingssmart home is collecting
LINAGFGS RFEGIEZT 6KAOK Ay (daiva®) MBoways:a I NRAal 27F ¢
f . & &Kl NInfgrhatioizavighbii g@rmission
9 .28 FTOldZANARY 3 dzZaSNEQ AYTF2NNI (A2 WipkeBdl.L,Ayad GKS
2001)

2.11.2InformedConsent

Generally, the transmission of data itself can be precisely monitored. Additionally, the autharizatio
of data access can be determined. It is important that monitored users understand the
functionality, trust in smart home appliances and kne¥wo is included in the processes (informed
family members and services providers) in order to give their necgssasent (informed consent)
(Eberhardt, 2020). Only with understanding of the functionalities and proceasesisersin a
position where they can make informed decisions (Chung et al., 2016).
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2.11.3Autonomy

Even though smart home technologiae suppsedto expand the autonomy of the usehere is
paradoxicallyariskthat it will be restricted The passive nature of their monitoring functions may
discourage users from actively participating in the operation and management of the system. Chung
et al. 016 alsodiscusghe fear of becoming too dependent on smart home technologies

2.11.40Dbstrutiveness

Since the perception of obtrusiveness is a subjective matter and smart home technologies invade
the privacy of the users at home, possible concerns about obtrusiveness must be taken into
account, e. g. disturbing noise, physical strain, malfemctir inaccurate measurement (Chung et

al., 2016).

2.115Equal Access

Referring to the digital divideChunget al. (2016)stressthe importance of equal access. For
example older adults living in a rural or urban undersourced area aremore likelyto be
disadvantaged in terms of technology use

Furthermore, costs of smart home technologies represent a barrier. Installation costs and
subscription fees for ongoing monthly services (such as connection to a Web portal) may not be
paid byinsurance companies and thus represent a barrier for those who cannot afford the
expenditures themselves (Chung et al., 2016).

2.116 Reduction itHumanContact

Another concerns that smart home technologies could replace fémdace contact with digith
alternatives(e. g. virtual visits or remote monitoringyVith the aim ofreducing costs, the use of
digital communication deviceuld lead to a reduction or loss of human contact, thus discouraging
users from human touch and therapeutic interactionghacaregivers or clinician&hung etl.,
2016).

2.117 Usability

According to Chungt al. (2016}he usability of smart home technologies has so far not been fully
addressed Smart home designs often do nuieet the needs of older adults and do ntke into
consideration ageelated constraints and lack of experience. Egample even switching on and
off devicescan be problematic for people with loss of vision or mobility limitagion

2 {GJap in access to and usage of information and communication technologies between those who have
access to the technology and those who do not, because of age, inaesioeation, community type,
RAalFoAfAGET 2NJ 20KSNJ FI Ol2NRARé 6/ Kdzyd Sié Ffd wanmcI LI
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2.118 LegalConcerns

Legal concerns of smart home technology rise from its relatively young nature. Laws and practices
have yet not been introduced sufficiently. It is especially necessary to establish new laws that cover
conflicts of users and service providers concerningixexl smart home products (Marikyan et al.,
2019).

With regard to the concerns caused by the relative novelty of smart home technologies, the OECD
(Organizatiorfor Economic Goperation andDevelopmentputlines the following risks:

9 Hybrid nature of prducts: Products that combine hardware that consumers own and software
used under license may change traditional notions of ownership.

1 Lack of interoperability: The incompatibility of connected devices and systems, whether they
result from market conditionsdesign differences or contractual restrictions, may create
consumer lockn.

I Ubiquitous data collection: The collection of vast, untargeted data from smart devices can
create privacy risks.

1 Security vulnerabilities: The connected nature of the producis the need for updating can
create additional security vulnerabilities that can be exploited by malicious actors and have
physical as well as virtual consequences.

1 Aftermarket support requirements: The lack of aftermarket support can challenge the tigabili
safety and security of a smart home device or ecosystem.

T Complex supply chains: While not unique to smart homes, the multiple entities involved in
developing, manufacturing and maintaining smart home devices and products can have
implications for consd SNB Q oAt AGe G2 20dFAy NBRNB&aa 2N
wrong (OECD 2018, p. 16)

2.12: Perspectives

This chapter gave aimsight into smart home technologies and their benefits and concerns for
healthcarerelated purposes. As shown here, smart home technologies can be applied to various
O2yGSEGA& FYR FNB It NBFERe dzZaSR Ay Y| yémeria dza SK 2 ¢
O2yiNREQ YR WSYSNHSyO& Y2y A andhh gisaltlities. NdBckinga S F dzt
health data like vital signs or other specific parameters can help people with chronic diseases to
better manage their wellbeing. The impact on sdtiealth and social interaction has to be further
investigated.

As with every data driven technologgmart hometechnologyis most effective when being
provided with as muchuser information as possible. This raises concemfsout how much
information @n and should be revealed. Qe hand, smart home technologies can improve
healthcare support ahome. On the dter hand, the homas a private environment that that is
particularly sensitive to monitoring and contréis with all digital technologies,is important that
the user understands the functionalities and has the opportunity to make an informed decision.

66

This project has been funded with support from the European Commission.

e Co-funded by the European Commission support for the prod.uctlon of this pybllcatlon does

x x Erasmus+ Programme constitute an endrsement of the contentswhich reflect the views only of the

Koxk of the European Union authors, and the Commission cannot be held resgaedior any use which may be
made of the information contained therein



& / dzi-EddeyDital Skills foProfessional Camgvers 3
of Persons with Disabilities and Mental Health Probleéns A

Topic 3Robotics in the Health and Social Care System
3.1:Introduction

As the proportion of older residents in Europeaountries is growing and life expectancy is getting
higher (Eurostat, 2020), many countries face the challenge to find sufficient professional caregivers.
Especially in countries with a skills shortage in the care setirgap between individuals that
need and those who provide care or rehabilitation is widening.

In industrial settings, robotic systems already support workers in routine processes or with
physically strenuous activities. In the social and health care sector, those developmentthenter

field with some delay because activities with humans are not standardized and many ethical, data
safety and security aspects have to be taken account. But in some fields, robotic systems have
entered the market or are in development. In the follogy chapters, application for robotics in the

health and social sector are described as well as developments and product groups. In a further
step, acceptance of robotic systems is analysed and ethical issues are considered. Finally, a look is
taken at thedifficulties in the dissemination of robotic systems and an outlook is given on aspects
that could spreadhe use ofrobotics in the health and social sector.

3.2: Definitions

For the field of robotic systems in the health and social care system, sefingidns are essential.
Therefore, in the followingection some terms are defined according to the ISO 13482 norm (ISO
13484:2014, p. 3):

ArobotA & 'y &l Ol dziproggaRnmai&Siond: oy mose ¥xes with a degree of autonomy

moving withinitsenk N2 Yy YSy (1= (2 LISNF 2 NYautdnghiyS$RER Gl EFaEGA
G2 LISNF2N)XY AYyGiSyYyRSR GFraia oFaSR 2y | Od2NNByid ai
Aserviceroboth & | GNRBo62G GKFG LISNF2NN& dza STiddustridll a1 a T
Fdzi2YFGA2Y FLILX AOFGARZYE ®

Aroboticdeviceh & 'y al Oldzr iSR YSOKIFYyAAY Fdzf FALE Ay (K¢
service robot, but lacking either the numbermbgramml 6 f S | ES& 2NJ 6§KS RS3AINBS

AmobilerobotA ANB o &l FotS G2 GNI @St dzyRSNI AGA 26y O2y

3.3: Fields ofpplication forRobotics in theHealth andSocialCare Sector

To provide a classification for robotic systems in the health and social care sector Klein et al. (2018)
propose tostructure them according to their application in:

Y Robotics for rehabilitation
1 Robotics to support caregivers and other staff
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1 Robotics for support at home
Becker et al. (2013) also structure robotic systems in three categories:

1 Training devices anaids formovement performance, mobility and independendbey
train and support movements and activities.

1 Telepresence and assistive robotics replace the presence of a pergogdregiver,
therapist) or support the user in activities

1 Sociadinteractive robos act with people as a companion

The authors of both publications add that these classifications are not final and some systems also
correspond to more than one category. Medical robots for surgery are not part of the classifications
and are notincluded n this unit becauseit is not relevant tomost of the staff in the social and
health care sector

The following figure shows an overview about robotic systems according to the classifafation
Klein et al. (2018). The individual areas are described tfterea

Figure20: Application fields of robotic systems in the health care sector

. Robotics to .
Robotics for support caregivers Robotics for
rehabilitation support at home
and other staff PP
 —  —  —
Body-worn Communication
Transport . .
— systems svsterns and interaction
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- . g — 18er Handlingaids
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——— N—— N
 S—  S—
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— and diagnosis S
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——— ——
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|

(adopted and translated from Klein et. al., 2018)
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3.4: Robotics for Rehabilitation

Robotic systems are used in rehabilitation of patients with paralysgstoémitiesas they occur in
paraplegia, after stroke or traumatic brain injuithey can promote a higher number of repetitions
in gait or arm exerciseswhich benefits the rehabilition process.Theyalso enableobjective
measurements of progress in therapy agtomatic documentation on the monitgDaum, 2017).

Robotic systems can support physical or occupational therapists in two ways: They facilitate
physically heavy work anti¢y offer the possibility to intensify the treatment if people can exercise
on their own with little support (Klein et al, 2018).

3.4.1 Bodyworn Systems (Exoskeletons)

Exoskeletons are exterior skeletons with servomotors that are worn like a suit {(Becde 2013).

They support free movements of upper and lower limbs of patients with mobility disorders and can
supplement traditional therapy. Exoskeletons can be controlled via simple hapgte&nsprbased
interfaces (Klein et al., 2018). Signals to move the device are either measured from the human body
(by EMG or EEG), from the interaction force signals between the human and the exoskeletons or
only from the exoskeletons (by a calculated model) (Huo.ep@l 4).

Figure2l: Exoskeletons to support gait training (Pictures: Fondazione Santa Lucia)

Apart from rehabilitation, goskeletonsare also used as assistive devices for mobility in daily life.
More and more, they are also considered as possibility for healthy people as support for wearing
heavy goods or for nursing staff to mobilize patients (Huo et al., 2014).
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3.4.2 Stationary andlobile TrainingEquipment

Robotic training equipment to practice repetitive movements can also be inpatient in rehabilitation
institutions. They can support newrauscular training of the upper or lower extremities. Modes
can be active or passive. In thetime mode, the patient is moved by the robotic system, where else
in the passive mode, the patient is assisted by the system to carry out a correct movement.

For lower extremities, robotic gait traineexe becomingnore common. They consist of a belt
system which reduces the body weight while walKgg.,on a treadmil) and so helghe individual

to concentrate on the movement pattern. These inpatient systems also analyse the training units
and help to evaluatehte progress. Some of them are equipped with a screen where the patient
can interact in a playful surrounding by executing special finger movements (in arm therapy) or
walking in an outdoor environment (Klein et al., 2018).

Figure22: Stationary training devices for arm and gait training (Pictures: Fondazione Santa Lucia)

Mobile training equipment allows patients to practice walking in free space while reducing body
weight with a belt system. In an early stage of relitiibn, this can help tancreaseself
confidence and prevent falls (Klein et al., 2018).

Advantages of robotic training systems for physical rehabilitation

I The devices mable intensive therapies, longer exercise periods, gamohtrol of
environmental equirements(Hidler et al., 2008)

9 Greater accuracy in practice and greater treatment effectiveness (Roy et al;, 2%y
etal., 2011)

1 The devicesncreasepatient courageto use the paralyzed arm,
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1 They document progresand provide support andhotivation when a therapist is not is
available (Becker at al., 2013)

Barriers for provision of robotics for rehabilitation

1 Lack of longerm evidence of efficacy

9 High cost of acquisition

1 Constant service needed

1 Cannot replace experience of a therapidein et al., 2018, Becker et al. 2013)

The use of robotic systems for rehabilitation should always inclodenput from an appropriate
professional (e.g., a physical or occupational therapista training processAs there is little
evidence ofransfer to ADL functions, training of motor skills should be linked to performance tasks
to make sure that (re)acquired functions can be used in daily routine (Fasoli &-Bdater, 2019).

3.5:Robotics tAupport Caregivers an@ther Saff

The aim of obotics to supportcaregivers and other staf to strengthenthe physicaland
psychological resilience of caregivensd to give them more time for a direct contact with their
clients. In Becker (2019, p. 23#sks that professional caregivetesiresupport for are

I Timeconsuming routine work such as documentation, ordering and distributing
materials, portioning medication

1 Transport of material and persons within an institution

1 Physically demanding work such as lifting and carrying

1 Cognitively demandig work such aeemembering and organisirdjfferent tasks

More precisely, staff in nursing homes described robotic support in the following tasks as helpful in
aneeds analysi€Compagna et al., 2009):

1 Transfer of clients from and in beds alpathtubs
Automatic documentationd.g.,drinking protocols)
Support during the night shiftndin case of emergencies
Intelligent,semiautonomous care trolleys

Provide clients with drinks

Accompany them to activities

1 Mobilization andocalisation

= =4 —a —a A

In the followingsection existing robotic systems for caregivers and organizations are described.

3.5.1 LogisticBobots andlransportSystems

These robotic systems aim to prevent staff in hospitals and nursing hdnoes walking long
distances orcarrying heavy goods. They can supply departments with patient/cl@nteals,
laundry, and medical products or dispasfavaste. The use of driverless transport systems requires
networking with other vehicles, the warehouse and the infrastructigrg, elevators). To localize
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they use either artificial landmarks such as reflectors, magnets in the ground, lines on the ground
or natural landmarks such as walls. Most systems drive under the load and lift it for traatsmart
Others tow the load, othe transport compartments aritegratedwithin the system (Klein et al.,
2018).

Barrier free environments are necessary to usesth logistic and transport systeanAs they
operatein public spacg theymustbe able to identify obstacles and humams order tobypass
them (Klein et al., 2018).

Innovations in this fieléncludeintelligent care trolleysvhich can navigate autonomouglyaving
been summonedwith a smart phone) provide nursing utensildirectly to patient rooms and
document material consumptiofGraf, 2020). They are not on the market yet, but show ways to
facilitate medical product supply the future.

Figure23: The intelligent care trolley drives autonomousiyi® destination
(Picture:R. Be® Fraunhofer IPA)

3.5.2 Cleaning anisinfection

Existingobotic systems for vacuuming or mopping can sense their environment using sensors and
adjust their cleaning routes accordingly. They automatically go back to the charging station if run
out of power or wiping water. These systems are convenient for largasaand they document

the cleaned sections (Klein et al., 20I8@maininghallengs includdasks such agmptying trash

cans, wiping down surfaces, clesy away obstacles or opémg doors. Solutionsfor these
challenges remain & prototype stge.

72

This project has been funded with support from the European Commission.

e, Co-funded by the European Commission support for the prod.uctlon of this pgbllcatlon does

£ Erasmus+ Programme constitute an endrsement of the contentswhich reflect the views only of the

b of the European Union authors, and the Commission cannot be held resgaadior any use which may be
made of the information contained therein



- £xa
a / dzi-eddeDigital Skills foProfessional Camgivers v ]

of Persons with Disabilities and Mental Health Probleéns A

Disinfection is a very importacbnsideration irhospitals and nursing homes poevent the spread
of viruses, bacteria and fundgilany surfaces cannot be disinfected witluid disinfectionand in
somesituations contaminated materials or rooms are neasily cleaned or should not be entered
by a person. In this case, disinfection robotics can be a gobdion They use ultraviolet (YV
lights, vaporizedor sprayed chemicaland air filtrationto disinfect surfaces and the air (Tectales,
2020).

3.5.3 IntelligenNursingAids

This is theconceptthat common nursing aidsanbe equippedwith intelligert and assistive add
ons, especially to support the transfakand moving of patientsr body care. Foexample during

the transference ofpeople from bed to chaiandvice versaor to reposition themin bed Sveral
assistive products exigiut they may need certain muscle powgespecially if the person to be
transferred cannot help or they are heavy and bulkylditionally,the aidwill often have to be
brought into the room before, whictakesa lot of time (Daum, 2017). Therefore, several companies
and research centreBave worked on a solution to simplify these situations. Thegve created
lifters which autonomously nagate to the room where they are needed and use sensors to identify
and admit the person (e.gRobear, Riken Institute or ELEVVS{$6tem, Fraunhofer IPA) or beds that
transform into a wheelchair (Resyone Plus from Panasonic). Exoskeletons are also gratoisid
as assistive products for caregivers to prevent them from back pain (Klein et al., 2018; Merda et al.,
2017).

Robotic systems to wash clients are mostly in a prototype version. Especially people who prefer
assistance from a tool over a personasiagnce in intimal situation might benefit from them.
Experiences were collected in the EU research projSttPPORT

3.5.4 Telepresend®bots

Telepresence systems uflee concept of video conferencing on a mobile platform. They lman
controlled remotely via software from a PC or smartphone. Theeguisite is a stable Internet
connection.

31{ dzZLIL2 NI = Fdzy RSR FTNRBY (KS 9dzNRLISI Yy prograrang @nder drabthdrder@eyit Ne 648666 NB & S| NDK
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Figure24: Different telepresence systems: TEMIN{T Global Ltd.), VGo (Vecna Technolo
and BEAM (Blue Ocean Robotics) (Pictures: K. Turkogullari, Frankfurt UAS)

Telepresence robots can help to ovente distances. They can enable immobile patients to get in
contact with a physician in rural areasaphysician can consult an expert to join in decisions., Also

a translabr can beconnectedin case of language barrierSelepresence systems can also help to
keep a connection between immaobile people and their relatives. These can navigate the platform
through thehomeand see if everything is all right, and they can communicate via video call (Klein
et al., 2018)Moyle et al. (2014)Yound positive aspects ofising a telepreence robot fopeople

with dementia who were able to identify their relatives by speaking to them.

Some telepresence systems are especially created for the health system. Diagnostic tools like
sensors for measuring vital signs, ligtento heart beatswith a stethoscpe or access to patient
data (CT/MRI images) in an information system can be linked (Becker et al., 2013).

3.5.5 EmotiondRobots

Emotional robots are commercially available and often resemble animals. They are designed in a
way that emotional access éseated they carreact to the behaviour of their user aménalso act
proactively which is why they areften usedin a similar way t@animatassisted therapyEmotional

robots are often used tstimulate people who do not respond to address lmave dificulties in
communication

One of the most popular robots is the seal PARO (PARO Robots) which responds to touch with a
pleasant or agonized whimper, turns its head and blinks eyes. Positive effects are reported when
using PARO witheople with dementialMoyle et al., 2017), in the early support of children with
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multiple disabilities (Klein, 2011), and people with an unresponsive wakeful syndrome (Klein et al.,
2014).

Figure25: The robotic seal PARO (PictureWiland, Frankfurt UAS)

3.6: Robotics foBupportat Home

These assistive robotic systems aim to maintain or increase the independence of people in their
home.Assistive functionsvhichsupport activities of daily living are perceived as essential by users
including washing, dressirgndressing, preparing foodransporting or picking up objects from

the floor and household cleaning work. This might help to reduce dependencies on other people
(Becker, 2019).

In a Taiwanese study (Chu et al., 2019), a tot&Batfiealthy, communitgwelling older adults (26

women,8 men,mean age = 66.3 years) participated in semi structured interviews about an ideal

robot. Participants named 4 companiemelated functions and 15 servigelated functions. The
mostdesired¥ dzy O A2y 61 & ASNIBAOS 2NASyliolsaw&kRY I n YIZANID A
important, 15 peopley  YSR G FAYRA Y 3 2 NJ Fopléwarmed ¢ mboth&t vgs3 3¢ | Y
able to chat with them.
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Figure26: Preferred robot functions in old age (adopted from Chu et al., 2019)

3.6.1 Communication andteractionRobots

Interaction robotics have functions to provide information from the internet, to remind the user of
something important, to train physical and mental abilities, to play games, to enable
communication with other peple, and to record and forward health data. Their advantage is that
they can proactively approach the user and encourage him/her to interact. These robots are used
to prevent isolation, but also to monitor frail people or people with dementia and to saiid in

case of emergency. In this case, they can also be linked to sensor systems in the flat like AAL
applications which report abnormalities (Klein et al., 2018).
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Figure27: The interactio
robot PEPPER (Softbar
can playmusic, dance ar
e recognize people. On
A tablet monitor, additione
functions can be addt
= (Picture: K. Turkogulla
Frankfurt UAS)

3.6.2Mobility Aids

Limited mobility is one of the main causekrestrictedautonomy in old age and in people with
disabilities. Robotic mobility devices focus on compensating functimsalthrough intelligent
assisive functionalities or on extending mechanical solutionflein et al., 2018).

Wheelchairs are equipped with taoto overcome stairs, with functionalities to avoid collision with
obstacles, to follow peple and to navigate autonomously. They can also be linked to different
modes of control (Klein et al., 2018).

Robotic walkers can and are equipped with a varietio€tionalities such as electric motorisation

to assist tle user when pushing; automatispeed reduction on downhill and uphill slopes,
identification of obstacles as well as autonomous navigation to the user and the integration of an
alarm system in casef emergency (Klein et al., 2018).

3.6.3 Handlinghids

These are mainly robotic arms that support the user in different situations. Robotic eating devices
can support people with paraplegia; they either come with an integrated spoon or are able to hold
cul f SNBE 2NJ RNAYy(lAy3a @SaasSta FyR €tSIR GKSY G2

arms are gripping aids and can pick things up from a shelf or the ground.
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Figure28: Robotic arm helping the user to handleattle of water (Picture: K. Rupp, Frankfurt UAS)

Robotic arms are controlled with a joystick or other individual control elements. The aim of research
is that theycan become moréindependentby identifying the target and the destinatipthey will
not have to be controlled all the time of usage (Klein et al., 2018; Klein & Baumeister, 2020).

3.6.4ComplexssistiveRobots

Personal assistive robots at home aim to combine functions and features of different conceptual
systems (autonomousavigation, communication and information, gripper and emergency call
system, etc.) in one platform. They undertakekup and delivery servicesake over household
tasks,motivate the user to stay active and help in critical situations. These taskseayecomplex
especially if the robots act in an unknown environment, where objects have no standardized places.
Most of those platforms are still in a developmental stage.

OEIF YL S& 2F |aaAa0A0S NRo62G4a -ERMBmpiérredationariddz Ga 2
integration of advanced Robotic systems and intelligent Environments in real scenarios for the aging
LJ2 LJdzt 4. @latBryig were created for three different scenarios (indoor, condominium and
outdoor) between 2012 and 2015 and evaluated wihd-users in Italy and Sweden. These
platforms are organized in a cloud and can communicate with each other. DOROrbthe
designed to assidghdoors it cansupport individuals with object manipulatidoy its integrated
robotic arm cantransportobjects, has &andle for walking suppodnda removable tabletCORO

can use the elevator and bring goods and waste to ORO which operates outd@pydding the
shoppingor disposingdf wastein bins) (Cavallo et al., 2018)

Other platformsare created by companies or research centres and universities. TheOdwe
(Fraunhofer IPAyhich isin its fourth generationcan open doors, identify, grasp and operate
objects, identify and bypass obstacles and can be an interface to other appicdEraunhofer
IPA, 2021).

4 Funded from the European Community's SevefirameworkProgramme(FP7/20072013) under grant agreement num. 288899
FP7-1CT- Challenge 5: ICT for Health, Ageing Well, Inclusion and Govermapcéwww.robot -era.eu/
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»Cgre-O-bot_ i

Figure29: The Car€-Bot 4 is able to identify food on a plate, to pick it up with
spoonand to present it in front of a person's mouth (Picture: R. Bez © Fraunh

oW AN

The robot LIO (F&P Ratics) consists of a mobile platform with a robotic arm. It can grasp and
transport objects and also learn to recognize them with its sensors. Additionally, it can recognize
faces and voices, has entertainment functions and can also open and close doong he
COVID19 pandemic, LIO was equipped with additional functions such as disinfection of surfaces and
measuring body temperaturea(A O S A | 2G20).Skie rdbdtichiiatform is available on market.

Due to thecurrent highprices,it is assumed thait will not be used in private householdsmtil 5-
10year) U(ErsS2020)

Another trend, especially in Japan, is to develop assistive robots that have an anthropomorphous
embodiment. One of the challenges is to develop theith the ability to walkstablyon legs (Klein

et al., 2018). Another challenge is to avoid the uncanny valley, an effect, described by Mori in 1970
which proposes that people feel uncomfortable and acceptance declines significantly if the
embodiment of a robots close to a humathke appearance (Mori et al., 2012).

3.7: RobotAcceptance

Asurveh Y G KS F2NX¥SNJIHYy YSYoOSNI adlrasSa 2F GKS 9 dzNP LJ
towards robots and artificial intelligence (Al). 61% of the respondentahmasitive attitude, while

30% had a negative attitude (N = 27,901). Respondents in Denmark, the Netherlands and Sweden
were most likely to have a positive attitude towards robots and Al with more than 80% positive
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answers. In Greece, Croatia and Cyprugefethan half of the respondents had a positive attitude
(European Commission, 2017)

Sociedemographic analyses showed that men were more likely to have a positive attitude towards
robots and Al than women (67 vs. 54%). Younger EU residents had a reiiieepgew than older
ones. The level of education had also an effect: people with higher education were more positive.
Additionally, the more respondents used the internet or social media the more positive their
attitude was.

Asked whetherthey would be comfortable withhaving a robot at home to provide them with
services and companionship when infirm or elderly, most of the EU residents were much more
sceptical. Only 26% of the respondents showed a positive attitude. Residents in Poland, the Czech
Republic and Latvia wermost comfortable with the idea (445%); respondents in Portugal,
Greece and Cyprus ({IB%) were least. Soeitemographic analyses showed the same effects as

in general attitudes towards robotics and (Eluropean Commission, 2017)

3.7.1Acceptance dRobots afterPracticalExperiments

Studies with smaller populations showed differepinionsfor the ideaof havingl2 6 2 1 & Ay LIJS2 L
home. Especially after a direct contact with a robot, participants tend to have a more positive
attitude towards the obot.

A study undertaken by Beer et al. (2019) shows changing attitudes towards robots: 12 older adults
(aged 6879 years)xhanged their opinions in favour of the robot after being exmb&eit. The

robot Personal Robot 2 (PR 2) was demonstrated perfagnthree tasksmedication delivery,

operating the light switch and organizingobjects. In interviews they expressed many positive
reactions. Especially in terms of usefulness and perceived ease of use, the participants had more
confidencein operatngwitK | NRB 620G O0GKS YSRALFY OKIFy3ISR FTNRY
after the demonstration. Theglsoshoweda greater openness to robigtassistance

After being exposed to the robots Pepper and PR 2 younger (N= 70) as well as older participants (N

=47) showed an above average openness regarding robot assistance. In both groups, consent was
0KS KAIKSald Ay GKS | QA @Px880KYAaR@AYyIaR®oBE0D02 6%
YIEYlFIIASYSWBYAYRARFA 2F YSSUGUAYIAOS aK2dzAS 62NJ € 0SS
G2 OFff I R20G2NDL® [ 26 SNI O2y & ® yravideehtértaiifengzy R F 2 N.
'y R @& LIS NA 2 ywashinghaityespeciall$ i habeldage group(Oehl et al., 2019; Oehl

et al., 2018).

Inthe 32 S NJ LINP2SOG aG{, L at!w¢bowé¢ TFdzyRSR o6& GKS DS
Research (BMBR personal assistive robot accompanied 20 elderly people in their homes for five

days. The robot was perceived as supportingariety in everyday lifdasksand mitigatingthe

effects of being aloneParticipants were described as developing a persaationship towards

the robot, 12out of 20 participantsvanted to keep the roboafter the experiment (Meyer & Fricke,

2020)
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3.7.2Caregiver@cceptance oRobots

The experienceof having practical contact with a robot seems to positively influencermal

users. Thisalso isimportant for (professional) caregivers. In a study by Merda et al. (2017)
professional caregivers (N=576) in Germany showed a relatively positive attitude towards robots
(M =3.16 of 5), even if the score was lower compared thep technologies (electronic
documentation, telecare/tele medicine, technical assistance (AAL)). One factor for the lower
scoring could be that participants knew least about robots.

The findings showed if respondents were more familiar with robotsptbee confidentthey were
in using robotics. e more usefutespondentfound robots the more positive were their attitudes
(Merda et al., 2017, p. 141).

The acceptance of robots by health care staff seems to depend on the functions the robotic
platforms allow. Support in routine/service tasks is considered useful, especially in physically or
mentaly effortful activities. Professionals were sceptical towards the use of robots in direct contact
to clients, thus replacing professional work powilefda et al., 2017; Goransson et al., 2008).

3.8: EthicalAspects in thedpplication ofRobotic Systems

For the field of nursing/cardPijetlovic (2020) summarizes concerns of robotic application in
literature in two dimensions: the relationship betweearegiver and client and théechnicat
instrumentaldimension.

In the first examplerobotic systems are not perceived as appropriate (Coeckelbergh 2010, 2015;
Parks2010; Vallor, 2011), because these are not able to care in an emotional wayn8animgful
relationship could not arise. T§consequence is described as a shift in focus to the technical
instrumental dimension of care (Coeckelbergh, 2015; Parks, 2010; Vallor, 2011) which can have
three negative consequences:

1. Care would focus only on theaterial/physical dimensiorand objectifyclients (Parks,
2010)

2. Objectificationleads toclients being fooled into thinkin they have a care relationship
(Sparrow & Sparrow2006)

3. Thereis a danger that care clients will become socially isolseduse o decline in visits

The author criticizes that there is no suggestion for alternatieethe nursing shortagand adds
the fact that transparency of the dimensions could give the clients the possibility to choose on their
own (Pijetlovig 2020).

The German Ethics Council recommends that clients are suppootedarify their personal
preferences for certain fons of care. In specific situations, the utilisation of robotic systems could
be perceived differently by the individual person. Professicagegivers and organizations have to
consider the individual benefit for a person and his or her acceptance. Robotics should not only be
implemented to improve nursing processdsut the subjective benefit for the person also
concernedmust always be tadn into accoun{Deutscher Ethikrat, 2020).
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dementia. These people in particular can benefit from tools supporting their independence and
safety. An ethicabspect might be that they are not able to oversewhat extend they are

monitored. Emotional robots can be also viewed ambiguously. These robots can be a means to get

in contact with clients, to calm them, or give them the feeling of being respongbJf & 2 YS2 y S Qa
carewhich can reduce loneliness (Klein, 2011). These robots should not be utilized as a means to
reduce human contact and care (Deutscher Ethikrat, 2020).

The implementation of robots should be adjusted on the aims and standards of gosidgand
assistance: to respect the individuality of a persaspecially selfletermination, identity,
relationality, privacy, intimacy and shame. Nursing guidelines should contain statements about
which domains can be substituted by robotic technologg aich domains should stay free of it

to avoid interpersonal encounters becamymore difficult orrare (Deutscher Ethikrat, 2020).

3.9: Issues fdrobotic Provision

Even if many people and organizations in the health and social care sector couldt fremef
robotic systems, they are rarely seen until now. Possible causes are described in the following
section

3.9.1 Availabilitpf RoboticSystems in th&ontext ofCare

Care robots are often described assolution for the lack of qualified care staff. But until now,
O2YLX SE YR aAyi(iSttA3aSydé NRo2Ga& F2NJ AYyRAGDARdz
systems have only assistive function (Graf, 2020).

In a systematic review in 201Bedarf et al.identified 107 robotic systems supporting elderly
people at home. Those robotdaimed to prouie support in four domainamobility, selfcare,
interpersonal interaction & relationships, and other activitieslated to the ICFSix robots were

still in a oncept phase, 95 in a development phase, anly sixobots were commercially available.

All of the six commercially available robots supported only one activity. Three of them were for
eating, one for washing and one supporiaterpersonal interaction &elationshipqthe emotional

robot seal PARO) (Bedarf et 2015).

Since 2013, many more robotics for personal assistance have entered the market, such as robotic
FNYaz aAyGSttAaSyidé 6KSSt OKFANR | yReraSE20m 1 St S 2
outlines, many robotic solutions, especially complex assistive robots, intelligent care aids and
communication and interaction robots are still primarily research platforms.

The following figuregives an overview dthe state of development and availdiby of various
robotic systemsn 2020:
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Figure30: Available Assistive Robotic Systems (adopted and translated from Graf, 2020 © Fraunhofer IPA)

3.9.2 Implementation iRS 2 LJHob<@Rolds and imstitutions

Whileindustrial robots work in a standardized environment, social and assistive robots have to act
in an environment wher¢he modalities areoften not prepared for a robatTherefore not every
robotic system is suitable and often special robotics must be Idpee for a specific scenario.
Examples for potential challenges are:

1 9y adNAy 3

dza SNA Q

al FSGeé o0aSe@SN) 3 CNRO1SZ wun

particular @re must be taken to ensure that robots do ret the userfall byapproaching
too fast or standing in their way
1 Constant technical breakdown has to be avoided for not overstraining the user (Meyer &

Fricke, 2020).

1 In small roomsrobots have to be able to navigate around furniture and over door
thresholds and carpets (Gross et al., 208&nnert et al., 2017).
i Stairs have to bevercome e.g, by using an elevator (Aymeri¢hranch & Ferrer, 2020;

Cavallo et al., 2018)

1 Person identification has to be stable in different body positions and also in dim light

(Meyer & Fricke, 2020).

3.9.3FurtherChallenges an@arriers inlmplementingRobotic Systems
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Stubbe et al. (2019) name four challenges. They also focus on staff as usemgad robotics:

1 Physical and mental integrityT he feeling of safety is essential for users of robotic systems
This must be taken into account during use, in that the user should not be put at risk of
physical harm, but also of psychological hdeny.by having the feeling of being monitored
all the time)

1 Change in the world of work The use of robots can change job profilé¥hen
AYLX SYSyGAy3a NRroz2iGax 2NHIYyATFGA2ya KI @S (2
or even losing their job becausé automation.

1 Liability and Data Sovereigntyhe use of robots can lead to legal uncertainty with regard
to liability. Responsibilities araot always clearly attributablelhis aspect, combined with
the obligation to handle personal data lawfully unded Eaw, leads providers to be
reluctant to act

1 Selfdetermination and transparency Human decisions and selétermined actios
should not be taken over by robotic systenTherefore, transparency and knowledge of
the capacity of the robotic system is inm@ant to be able to assess functions and their
results This leads to further acceptance.

As a result of qualitative interviews witlgentsin the health care systenilein et al. (2018) name
political, social, legal and technical barriefsr the implementation of robots: One of the major
challenges in the provision of robotics is their funding. As most of the platforms are expensive,
organisations and private personsust find a way to get them financed. Organisations have to
decide whetler the platform is worth the investment, especially if it does not raise the income.
Health politics could enable ansimplify the distribution processand also support small and
medium organisations. For eadsers it may depend on the health system in toaintry if robotic
devices are paid e.doy a health insurance.

Social and legal barriers refer to acceptance, ethical concerns and data safety and s€higity.
applies to both organisations and the privatsers and his/heenvironment. If peopledo not
perceive the benefit of &echnology, the implementation witiften not be successfuDescribed
fears are the same as mentioned before by Stubbe et al. (2019). Caregivers amgkendf robots
should participate and be integrated in the whole devetamtal process in order to know their
needs and fears and to take them into account during the development.

A technical barrier is the fact that robotic systems are often complex and cannot be operated or
repaired by health or social care workers. In gahepreferences are thatunctions are more
reliable and serviceoriented (Klein et al., 2018)

3.10: Perspectives

The Covid19 pandemic increased sales figures and thus, the distribution of social robots. They were
deployed to facilitate physical distae in human contact, to support wddkeing and to act as a
safeguard. Aymerickranch and Ferrer (2020) identified 195 experiments with 66 different social
robots in an international web search, which were created during the pandemic only from March
to June 2020.
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Roles that are linked to the health and social sector were:

1 Receptionist in hospitals

1 Prediagnosis (questionnaires and thermal screenings)

1 Providing information€.g.,where to go next in a hospital)

I Telepresence (communication of patients inspdals or residents in nursing homes with
medical staff and relatives)

1 Monitoring (to report body temperature, blood pressure, oxygen saturation, or changes in
LI GASYGaQ NRAziAy SO

1 Indoor and outdoodelivery (Outdoorfood or sanitarysupply; Indoormedication, linens,
meals,medical supplies and documents)

1 Safety and protection (safety advice, detection if people wear masks or keep distance,
patrolling)

9 Disinfection

1 Companion (emotional support and motivation)

1 Entertainment (singinglancing, playing games, reading news etc.) and edutainment (brain
training exercises)

1 Medical and wellbeing adherence (reminder for medication or engaging in healthy habits)

1 Promotion of physical exercise

These examples demonstrate how exceptional situegioan promote and increase innovation and
the implementation of robots in new fields in a short periétbwever, the overview has shown
that robotic systems in the health and social care seianot yet as far advanced #sis often
feared. Especiall2 YLX SE a4 Ol NB NRo20GA0Oaé¢ I NB aidAftt Ay

And even if a majority of people older persons, people with disabilities, caregivers, therapists,
physiciang; could benefit from robotic systems, there are still many obstacles to overcome.

Funding policies of the European Union and natigmalgrammes have recognised the importance

of user participation as well as ethical, legal and social impact factors and integrated these
throughout their funding streams. Professionals in the health anébkoare system and primary
users such as people with disabilities and functional Jesgyage in the developmental process and
can raise their needs and worries. Assumption is that the integration of these factors as well as
participatory design will cdnibute to the acceptance of new technological developments.

In fields where robotic systems are already commeunch asn logistics and also in physical
rehabilitation the high costs might be barriers of implementati@ustbenefit analysesand in
rehabilitation proof of evidence, could help to facilitate funding andeiduce costs through higher
production and sales figures

Finally, as it applies to all new technologies/developments, it is essential to qualify the user in how

to use the specific rattic system and to assess the consequences of the usage. Professionals in the
health and social care systems should also be able to explain the usage and potential impact to their
clients in order to enable them tmaketheir own choices.
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Topic 4 Greeninformation andCommunicationsTechnology(ICT)

4 .1:Introduction

It is true that smart sensors help people to save energy,(gggart thermostats, automatic lights

on presence, power consumption metering) but it is also true that these devices cornsues

even while they are in standby mode. Even if this consumption is quite low, imagine the high
number of such installed devices all over the world. Is there a way to minimize their consumption?
Howcan weselect the less power consuming ones?

To answethese questions, weill explain first the architecture of Internet of Things (1oT) solutions.
The different layers of suchrchitectureare explained, with emphasis to those layestevantto

the consumer (sensors and data transportation). Differenteless technologies and how they
affect the consumption and common techniques for saving energy in these first 2 layers are
presented. Some practical examples of wearables available in the market are given.

The goal is to develop a basic understandindnow these sensors operate, the different network
protocols they use to communicate, the reason why some of them (mainly battery operated) do
not send data very frequently and why some research projects never reach the target market due
to their power consmption.

4.2:Internet of Things

We can define Internet of things (IoT) as the network of all these sensors gathering data over the
internet. These data can range ¥o LJS 2 hidin&tric Bata collection (medical and healthcare
applications) ambient data collection inindoor building environments (smart home applications),
traffic related data (smart cities applicationsyyeather, water and soil relevant data (smart
agriculture applications) and much momich asenvironmental monitoring to safeguarding
(military).

Photo by Michat Jakubowski on Unsplash

Photo by YODA Adaman on Unsplash
Figure31: Different 10T devices

There are many sophisticated applications within the Internet of Things (loT) domain that can
support people with disabilities, like those described in this unit. The energy demand of these IoT
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applications increases since sensing devices continue to gmowoth numbers and their
requirements.

The energy consumption can be categorized in different Layers relevant to the architecture of 10T
solutions (Perception, Transport, Processing, Network and Applicafiahjligni et al., 2018)n

this unit, we will focus on the first two layers, Perception and Transportation as they have to do
with the equipment that someone will purchase for using an loT smart application. The energy
consumption for the other layers is dependent on many differgartameters based on the service
LINE A RSNRa LRfAOASa®

Perception and Transportation layers include components and modules with different power
consumption needs. The consumption is not only a matter of hardware but it is also affected by the
firmware (sdtware embedded in the sensor) and the business logic behind each sensor
(operational rules that determine how data is gathered, stored and transmitted).

4.2.1 EndUser 10T Architecture

End user loT architecture covers the first two layers of an Iddtieo as mentioned above
(Perception and Transportation). The most common approach is the installation of a number of
sensors and a Gateway to gather the data from these sensors and send them to the cloud servers
and then to the eneliser monitoring appshirough the Internet.

o™
&l

Cloud Appllcat|on

m-

Different Wireless Protocols
Perception Layer

i

Sensor (e.g. ‘ @'
temperature) /

HTTP

f ewnv: ‘
f)llgsee Gg:::)‘: LI;::;" LAN Home Router (((I)))
€ Bluetooth
Other (e.g. Panic Transportation Layer

button)

Figure32: Common end user IoT Architecture

An alternative is ta@onnectthe sensordlirectly to the Cloud Application through WiFi or through
GSM (Global System for Mobile communicatipnyhich isa Mobile Network like the one
smartphoneause The end user 10T Architecture in this case is much simplenwsed witha local
WiFj or a sim card with mobile data thatanbe integrated in the sensors. Thetkt consumes
more battery and requires thaser to buy mobile data. It is used mostly for remote areas where
Cable Internet is not available.
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Figure33: Simple end user I0T Architecture

Once these sensors are connected, they start reporting the sensedeasured data to the
metering cloud Application. Reporting data to the cloud is very costly as every bit gets ghhiged

may exhaust the battery of the sensor. To address this, local scripts on the sensor can save power
(e.g, transmit data when necessg for example{a) differentiation of the measured values or (b)
when a risk is identified).

4.2.2 Energyaving inPerceptionLayer

Sensors in a Wireless Sensor network (WSN) are in most of the cases equippetatiiényathat

in many cases is vedifficult to change or recharge. Imagine an elggrersonwearing a smart

biometric sensor that needs to be charged every day or a motion sensor that needs to have its
batteries changed once a month. In both casestery life can become a barriertotheS & Sy a 2 ND a
missions. Prolonging the lifetime of the batteries of sensors through minimizing energy
consumption is an important challenge in W3dbth for their functions but also for their
environmental footprint. There exist several mechanisms to saeeggnin sensors such as energy

efficient routing, clustering, duty cycling and radio optimization (Rezaei,2Gil?2).

One of the mechanisms worth mentioning is duty cycling. A sensor usually has 4 operating modes:
transmission, reception, idle listerjhand sleep.The most power consumptiorarisesdue to
transmission and in mostaseshe power consumption in the idle mode is approximately similar

to receiving mode. On the other hand, power consumption in sleep mode is much loveatuty
cyclingapp2  OK> Sy SNH& Aad al gSR o0& LzidAy3da GKS aSya.
(low-power) sleep mode whearver communication is not required. ldeally, wireless communication
modules are switched off as soon as there is no more dasemal/receive and should be resumed

as soon as a new data packet becomes ready. In this way, a motion sensor will send data to the
server whenever motion is detected, or a biometric sensor will send data when the heartbeat of
the patient is outside some mimum and maximum threshold values. There are many other ways

to wake up sensors like values from embedded accelerometers (when movement or a fall is
detected) or scheduled wake ups to report that a sensor is alive, {(Esggood to know that the
motion ensor is functioning once per day).
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Another mechanism is to compress the data to be transmigadh time,which can drastically
reduce communication energy costs. There are several researaterbave investigated optimal
algorithms for the compressioof sensed data, communication and sensing in WSNs (Anastasi et
al., 2009, Razzaque et al., 2013).

4.2.3 Energ$aving inTransportationLayer

The transportation layer is in charge of all communications across sensors and cloud services that
make up the loT infrastructure. The connectivity between the sensors and the cloud is achieved in
two ways (as also described in figuBisand 32):

~

0 directly, using WFior cellular data

0 viagateways devices performing translation between local protocols (data coming from
sensors) to WWW ones.

The different protocols for sensor communication are described below:

0 WiH: WiH offers the highest data throughput, but at the cost of hgbwer consumption.

WiF is adoptedby many prototypes and current generation loT devices since it does not
require additional equipment for a sensor to send data to the cloud. It is likely though that
WiHF will be superseded by lowgrower alternatives.

0 Low Power Wide Area NetwolkPWAN)is a type of wireless telecommunication wide
area network designed to allow lorgnge communications at a low bit rate. They are ideal
for largescale deployments of loywower 10T devices such as wireless sensors. The most
famous LPWAN thnologies are LoRa (LongRange physical layer protocol) ahoTNB
(Narrow-Band IoT).

0 Bluetooth Low Energy (BLBLEis a type of wireless telecommumiton personal area
network technology aimed at novel applications in the healthcare, fithess, localization,
security, and home entertainment industries. It is a {pawer version of the popular
Bluetooth 2.4 GHz wireless communication protocol. It isghexd for shorfrange (no

more than 100 meters) communication with a single primary device that controls several
secondary devices. BLE is best suited to devices that transmit low volumes of data in bursts.
Devices are designed to sleep and save power winely are not transmitting data.
Personal IoT devices such as wearable health and fitreedeersoften use BLE.

0 ZigBee Zigkee is a type of wireless telecommunication network used to create personal
area networks like home automation, medical device dathection, andmallscalehome
automation applications which need wireless connection. It is adower and low
bandwidth wireless mesh network protocol. Unlike BLE, not all devices can sleep between
bursts. Much depends on their position in the meskdamhether they need to act as
routers or controllers within the mesh.

O¢

Cellular: The LPWANNBI0T and LTEM standards address loywower, lowcost 10T
communication options using existing cellular networks-I18B is thenewest of these
standards and is focused on lerange communication between large numbers of
primarily indoor devices. LI® and NBlIoT were developed specifically for 10T, however
existing cellular technologies are also frequently adopted for -lamge wireless
communication.
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Near field communication (NEC)NFC is a set of communication protocols for
communication between two electronic deviceseowa distance of 4 cm, such as holding an
NFC card or tag next to a reader. NFC is often used for payment systems, but also useful for
checkin systems and smart labels in asset tracking.

Radiofrequency identification (RFIDANn RFID system consists dirg radio transponder,

a radio receiver and transmitter. When triggered by an electromagnetic interrogation pulse
from a nearby RFID reader device, the tag transmits digital data, usually an identifying
inventory number, back to the reader. The typicaiga of RFID is less than a meter. RFID
tags can be active, passive, or assisted passive. Passive tags are ideal for devices without
batteries, as the ID is passively read by the reader. Dash7 is a communication protocol that
uses active RFID that is desdrto be used within Industrial 10T applications for secure
long-range communication.

Ethernet Ethernet is a family of wired computer networking technologies commonly used
in local area networks (LAN). Sensor units installed within a building autonsggtem can

use wired networking technologies like Ethernet. Power line communication (PLC), an
alternative hardwired solution, uses existing electrical wiring instead of dedicated network
cables Ethernet can support higher bit rates, a greater numbesarisors, and longer link
distances while it is also the most trustworthy solution.

5G 5G is the next generation of wireless networks. It is built on existing cellular
technologieq4G) but it offers improved bandwidth, reliability and is about twenty &
faster than 4G. 5G is ideal for the Internet of Things (IoT). It also aids thdowltiatency
requirement for reaitime communications.

To give some practical examples on power consumption, it is proven that ZigRee

based networks generally consume 25% of the power of WiFi networks. Res:
results on different wieless connectivity protocols kea proved that Bluetooth
and ZigBe had significantljower power consumption than WiFi in real lif
applications(Olaide et al.2017) Bluetooth Low Energy is best for short rang
applications like wearable devices and smaehicle applications, ZigBee is be
for Industrial automation and robotics because it canver a wide range, while
WiFi is best for standalones (mostly in smart home applications) and mc

devices because it can implement TCP/IP and therefore thieeleor nodes can
connect to the Internet directly. Theonclusion is that in caseproduct runs on batteries, isivery
important to consider the networkthe devices are using to estimate their power consumptions.

Figure34: Smartwatcl
(Source:
https://www.smartw
atchspex.com/kingw:
ar-smartwatchkw88
3g-specifications/)

4.3:Examples on thBower Consumptian of Different WearableDevices
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Android smart watches withViF. There are several smart watches of this category in the market.
The smart watcl{actually a wearable mobile phone) measures heart ralg/sical activitysleep
quality etc. It can transfer data directly to the cloud through its WiFi module, or even through GSM
since it supports sim cards. The maximum battery life of this watch is not more than 8 Wwhars

WiFi is on Thismakesit incompatible with24x7 monitoring services, since it would need to be
charged 3 times a day.

Smart watches that require connection with a mobile phon&€here
are several wearables that track physical activity and continuous hi
rate. They should be synchronized with a mobile phone through an
and they send the data to the phorfghrough Bluetooth mainly) and
then to a private server. In some castwey offer the ability to write
your own application and send the data from the mobile phone to

own cloud server. They have a battery life of 4+ dafigch ismuch Figure 35: Smartwatcl
more acceptatld but the disadvantage is thadhey require a mobile (Source: Fitbit Websi
phone nearby to popula their measurements. https://www.fitbit.com)

This difference on battery lifetime is the reason that all activity trackers that we can find in the
market today need a mobile phone with an application to synchronize their data.

Figure36: Activity trackei(Photo byFitNish Mediaon Unsplash

4.4:Summary

The Internet of Things (loT) is a key enabler for many mozkirdpplications, from personal health

care to outer space exploration. However, complicated operations (such as data transmission)
consume substantial energy in contrastthe limited energy storage of 10T devices. To improve
their sustainability and reace costs, the energy efficienigreerg) design of 10T is a hot topic. Duty
cycling of these devices (sending data when necessary) seems to be a best practice solution to
extend their battery life cycle and redueeergy consumption in generd&buty cycing is not always
acceptable though. There are applications that need to gather data continuously 24x7 (like
localization services). The selection of the most appropriate communication protocol is another
factor that affects power consumption. Combiningthl above information and playing with loT
devices settings (data transmission frequency can be found in some devices for the user to choose)
can lead to reduced consumption without affecting the mission of these devices.
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Topic 5: Virtual Realif) R) and Augmented Reality (AR)

5.1: Introduction to VR

5.1.1 Definition

Virtual Reality is a computeenerated simulation of thredimensional environments that can be
interacted with in a close to real or physical way by a person wearing a helnhed witreen inside,
holding joysticks or wearing gloves or other wearable devices. The innovation of Virtual Reality is
that the user can see the thredgimensional environment all around him, feeling that he is actually
there.

Figure37: Man wearing VR headsetidlo bystephan sorkion Unsplash

5.1.2 History of VR

Some of the milestonem the development of Virtual Reality hardware as we know them today
are:

Stereopsis (1939Perception of depth and-8imensional structure from the combination of two
photographs (one eye viewing each) of the same object taken from different pointseXptained

in 1838 by Charles Wheatstone. Vittaster created in 1939 is the evolution of Charles
Wheatstone device in popular culture.
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Figure38: Photo by Museum of Hartlepool

Sensorama (1962} he first VR machine with a vibrating chair, stereo speakers and a stereoscopic
3D screen. Created by Cinematographer Morton Heilig in 1962.

Figure39: Picture of Sensama

Sword of Damocles (1968)he first HeadMounted Display created in 1968 connected to a
computer by Ivan Sutherland. The Headsets was depicting simple virtual wireframe shapes, which
changed perspective as the user moved his or her head.

Figure40: Sword oDamocles
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Oculus Rift (2014Error! Reference source not foundand HTC Vive (2015Error! Reference so

urce not found): Currentlythe most famous VR brands are Oculus and HTC Vive. Oculus has made
several VR headsets models (DK1, DK2, Rift, Rift S, Quest, Quest 2) and started from Kickstarter, a
crowdfunding platform focused on creativity and merchandising, where it raisethlion dollars.

In 2014 Facebook bought the Oculus company ($2 billidhgHTC Vivevas unveiled during HTC's

Mobile World Congress keynote in March 2015

Figure41: Oculus Rift

Figure42: HTC Vive

5.1.3 Broad Applications of VR

Since the evolution of VR technology has made huge steps in realism it is now being used for many
purposes, such as:

Gaming:VR iswidely used for immersive, unique gaming experiences that simpyS y Qi LJ2 & & A ¢
via any other medium.

Travel industry:VR tours of landmarksiuseums. One of the most famous VR applications in the
travel industry is Earth VR developed by Google. With B&Rtthe user visit most of the places on
Earth in a virtual but very realistic environment.

Education:VR offers a fun and unique learning experience for students. Virtual reality can be used
to enhance student learning and engagement. VR education casftnan the way educational
content is delivered; it works on the premise of creating a virtual world and allows taseos only

see it but also interact with it.

94

This project has been funded with support from the European Commission.

e Co-funded by the European Commission support for the prod.uctlon of this pgbllcatlon does

x x Erasmus+ Programme constitute an endrsement of the contentswhich reflect the views only of the

Koxk of the European Union authors, and the Commission cannot be held resgaedior any use which may be
made of the information contained therein



- £xa
a / dzi-eddeDigital Skills foProfessional Camgivers v ]

of Persons with Disabilities and Mental Health Probleéns A

Medical SectorVR is extremely useful in medicine for practicing and visualizing uskfuhation.
It is currently used in medical training, patient treatment, medical marketing, disease awareness,
robotic surgery, mental health and psychological therapy etc.

Professional Training’R has become an increasingly popular asset under the cootemypwork
environment. Especially in businesses where professional equipment is dangerous for first time
users and expensive to buy and mainfa/iR training is preferred (e,gacing drivers).

Autism: Virtual Reality is one tool that is beiegibraced ly therapists, counselors and teachers to
help those with autism to better communicate with others and their environment. It is also being
used to help people without autism to understand what living with the condition really means.
Researchers have usedethiechnology since the 1990s to create virtual environments to help
autistic people prepare for situations that could be stressful. Some of the uses of VR in autism are:

A. Public speakingdJsing a virtual environment and 3d avatars as an audience, theiautist
person gives a speech to the audience which fades away if the speaker does not make
eye contact.

B. Fight of phobias Using immersive therapy, Newcastle University with Third Eye
Neurotech developed Blue Room. A VR application in whichb#reficiaries go
through VR scenarios and perform certain tasks combined with a control panel running
on an iPad controlled by an expert.

C. Social and communication skillgsing a library of scenarios taking place in virtual
environments the users are tragd to communicate with other people.

D. Combine perceptual, attentional, and social cognitive measusig a 3d videogame
the players need to cooperate to solve problems in a virtual world.

5.2: Interactions that can take place in theBiRironment

5.2.1 Scope/Potential
Some of the advantages of Virtual Reality applications are:

a. Representation of Real Environments and Scenarios Anytime at Anypldsing VR real life
scenarios can be represented in high accuracy allowing immersiventgaind giving the
feeling to the users that they are physically there. It offers the ability to conduct training in a
shorter timeframe and the flexibility to do so anywhere, even overseas.

b. Improved Learning Retention According to astudy by the University of Marylandirtual
reality training allows a user to better recall information than when using a traditional desktop
disphy with a mouséased interaction. VR can also enhance empathy and emotion during
training, both of which help improve information retention.

c. Safer, Controlled, Customizable and Risiee Learning EnvironmentsVR offers risk free
training environments wére users cannot harm themselves or others or destroy valuable
equipment.

d. Reduced CostsAfter using VR mistakes when using the real equipment are reduced.
Additionally, the VR trained users are performing faster than other peers when the time comes
to deal with reallife scenarios.
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5.2.2 Limitations/Constraints
There are also some limitations relevant to VR exploitation:

a. Each VR headset can be used by one person at a time, so more time is needed for training
a group of people compared to traditional methods.

b. VR is criticized for devaluing the importance of human connections. Applications that are
developed should aim ndb replace real life scenarios. Should aim at scenarios that carry
a risk or would be impossible to recreate in real life.

c. Addiction is a potential threat. Especially when is used to meet other people.

d. Extended use of virtual reality can lead to loss sgatial awareness, dizziness,
disorientation, and usually motion sickness. With VR you see movement that you do not
feel.

e. Still expensive for private use, although the cost of equipment is becoming more and more
affordable.

5.3: Applications of VR withdividuals with DD and ID

5.3.1 Social Communication

Social communication encompasses a range of skills that support successful interactions with other
people. There are a wide variety of social skills involved in sociahoaination. For example, there

are many social skills involved in initiating and responding within conversation and social
interactions. Social competence also involves the abilityetgniseand respond to nonverbal
social cues such as eye contact, andy language. Many social interactions are also influenced by
knowledge and understanding of social norms, for example, using humour, manners, compliments,
and formal/informal language in appropriate contexts. Successful social interactions are central to
0KS RS@St2LIYSyld 2F FNASYRAKALA FYyR NBflFIA2yaKa
support network. Many individuals witla developmental disorder such as autism spectrum
disorder ASD andor an Intellectual Disabilities experience diffldas in social communication.
Therefore, developing supports in this area is critical.
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There are many challenges associated with teaching social skills. There are several successful,
evidencebased teaching strategies for social skills (e.g., prompting, reinforcement, peer mediated
strategies, modelling). However, there are often challengesensuring that these skills
subsequentiypccur in the natural contexts within which they are needed (e.g., a work environment,
with peers, on a date). Additional challenges exist when considering teaching within the natural
environment to address thisgge. These contexts may be unpredictable and considerable time and
NBa2dzNOSa ¢2dzZd R 6S NBIdANBR (2 LINBLINB (KS Sy@;
skill development. Unpredictable environments may also be challenging to navigate and learn
within if an individual has difficulties with sensory input and processing. Furthermore, given that
individuals with ASD and Intellectual Disabilities tend to experience specific challenges with social
interactions, the potential for embarrassing or awkd@@onsequences while practicing social skills

in the natural environment may be aversive and detrimental to learning.

Within a VR learning environmenit is possible to create multiple learning opportunities and
experiences for social skills. Generalhere are four distinct ways in which social skills can be
supported using VR (Howard & Gutworth, 2020). Without providing any direct instruction, VR can
provide opportunities to practice and repeat social skillssoa@ally safenvironment (e.g., Rogsr

2017). Knowledgbased VR social skigsogranmes teach specific information about social skills
and provide an opportunity to practice these (e.g., Klaassen et al., 2018). Erhatied social skills
programmes teach emotion regulation and coping stgies and then provide opportunities to
practice these in the VR environment (e.g., -Rotder et al., 2018). Some VR social skills
programmes provide instruction in both social skills and emotion regulation, along with practice
opportunities (Howard & Gworth, 2020). In this way, it is possible to incorporate evidebased
teaching strategies within the VR learning environment, for examplerdgranme consequences

for correct/incorrect social skills and responses (e.g., praise or corrective feedivatk)ng that

each learning opportunity is captured (e.g., Cheng et al., 2016). Many applications of VR to teach
social skills have also gamified learning and provided opportunities to demonstrate social skills with
people in the natural environment (Chergal., 2016).

In creating these learning environments and opportunities, it is also possible to facilitate the
optimum level of stimulation, motivation, minimal distractions, and to create learning
opportunities that are tailored to the individual (Cheagal., 2016; Lorenzo et al., 2018; Mak &
Zhao, 2020). Given that the VR environment can be created to represent the natural environment
these learning opportunities can support the extension of newly acquired social skills to this
environment. As outling, creating the same learning environment and opportunities in the natural
environment would be resource intensive and challenging in many instances. As outlined
previously, practicing social skills in the natural environment is complex and may be dduanting

an individual with ASD and Intellectual Disabilities. There is also a risk that mistakes in this context
could encounter negative social outcomes, exasperating social difficulties and anxiety. VR
environments provide aocially safenvironment in whih to practice these skills, before extending

to the natural environment and sociteraction partners (Lorenzo et al., 2018).
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VR learning environments have been used to enhance social skills interventions through providing
an opportunity for individuals with ASD and Intellectual Disabilities to experience social situations
and practice social skills and responses (e.g., Anderskusefsson, & Paret, 2006; Leonard,
Mitchell, & Parsons, 2002). The impact of VR applications on broad measures of social and
emotional skills have been mixed with improvements reported in social emotional skills but not
communication (Muneer et al., 2015Research has demonstrated improvements in-aerbal
communication, social initiations, and social cognition via VR (Cheng et al., 2015). In terms of
specific social skills and competencies, VR has been utilised to improve job interview skills with
postive outcomes on standardised assessments (Burke et al., 2018; Smith et al., 2014), interview
skills, and confidence (Smith et al., 2014). Public speaking skills have also successfully being
supported via VIRrogrammes (e.g., North, North, & Coble, 2018jgse study research utilising VR

has explored teaching social skills such as eye contact and recognising conversational cues (Beach
& Wendt, 2014).

Recent research has developed VR scenarios to prepare children with additional needs for the
transition to nclusive education through developing emotion recognition, social perception, theory

of mind, and adaptive skills (Ip et al., 2016). Several studies using VR applications have
demonstrated positive social outcomes for children with ASD, for example; stamders, social
understanding, listening skills, social skills, perspedtikeéng, empathy, and eye contact (Cheng et

f ®X HamcO®d / KSy3a SG Fftd 6nunmcy Ffaz2 y20SR LRaj
teachers, andncreasesinthepali A OA LI y 14 Q a20AFt alAtfta d26F NR
successfully increased pretend play skills for two children with ASD.
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5.3.2 Functional Living Skills

Functional living skills are those that
individuals must achieve in order to live
independently and participate in essential
activities in their home, at work or school,
and in the community. Such activities can
include seHcare (e.g., personal hygienac
grooming, meal preparation, laundry),
safety routines in the home or in the
community (e.g., crossing the road safely),
household maintenance (e.g., cleaning and
tidying), navigating independently in the
community, or health and medication
management. Functional living skills are
essential to living a safe, healthy and independent life and are of the utmost importance when
supporting persons with ASD and Intellectual Disabilities.

Virtual learning environments provide realistic contexts through windividuals can learn safely
from their mistakes without the ofterdangerous consequences produced by the real world
(Standen & Brown, 2006neaning that VR and AR offer an ideal solution for teaching functional
living skills. The virtual learning enviroent can be adapted based on the characteristics and
capabilities of the learner providing an individualised and meaningful learning experience for the
learner while also maintaining ecological validity and facilitating generalisation of skills to the rea
world.
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Systematiceviewsof the literature have found evidence to support the use of VR in learning safety
skills suchas how to cross a virtual street or pedestrian crossing (Matsentidou & Poullis, 2014;
Saiano et al., 2015; Strickland et al., 199@né&zari et al, 2015) and to teach daily living skills like
doing the shopping (Adjorlu et al. 2017; Lamash et al., 2017), taking the bus (Simdes et al., 2018)
and driving (Cox et al., 2017; Ross et al., 2018; Wade et al., 2016).

5.3.2.1 Safetgkills and Navigation

‘| Crossing the street safely involves an essential
poy 1’ set of skills necessary for independent living.

However, given the risks involved in teaching
this skill set in the real world, it is often very
difficult or even impossible to edch an
individual to cross the road independently. This
can result in individuals being highly supported
to cross the road because there have not been
safe opportunities to teach independence. The
realworld environment can be substituted by a
virtual learning environment to teach this skill
set instead. A person can learn, with the
guidance of their support worker, to follow all steps necessary to cross the road safely. For
example, to recognise the pedestrian crossing, avoid moving cars, recogdipeisinthe crossing
button, wait, recognise and interpret lights, and walk on the green light (Matsentidou & Poullis,
2014).

In order to create the virtual learning experience, a VR CAVE application is used and learners wear
3D glasses tobserve the virtual environment. An Xbox controller can be used by the learner or
educator for navigation and interaction purposes. A fully immersive experience is created which is
tailored to the individual needs of the learndizanavari et al., (201&¥5ed the VR CAVE application

to teach four children with ASD-BL years old) to cross the road safely. Six steps were taught;
namely stopping and waiting, push button and wait for green light, look left and right, walk on
pedestrian crossing and contia looking, walk until reaching pavement. Learners took part in four
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sessions in the VR CAVE during which they had four learning trials (i.e., completing all steps).
Physical and verbal prompts were used at the beginning to teach the skill set; hoa#iearners

could independently cross the road by the fourth session. This was evaluated by recording the
correct and incorrect steps followed in the crossing procedure, as well as successful and
unsuccessful trials. The four learners were subsequéakign to a real pedestrian crossing with

their parents and it was observed that they repeated what they had learned in the VR CAVE. Parent
feedback on the process was positive with the parents noting that they felt their child pulling them
forward when they felt the time was right to cross.

Virtual learning environments have also bee
developed so that individuals can experienc
virtual travel training. For example, Simdes
al. (2018) created an immersive VR applicati
to allow learnersto become familiar with the
process of taking a bus. Learning in this contt
gl a LINBaSyaSrR la |
which learners were placed in a three
dimensional city and had to complete a set of

tasks each involving taking a bus to reach a spetafitination. Learners could get on any of the
buses, validate their tickets, choose a place to sit, press the STOP button, and leave the bus. Ten
adolescents with ASD with a mean age of 18 took part in an evaluation of this VR application and
findings denonstrated significant improvement in knowledge of taking a bus and accurate actions
(e.g., ticket validation, getting on the bus) taken within the VR game.

Virtual reality driving simulation training (VRDST) can be
used to teach persons with ID andbow to drive using
reaktime interaction with a driving console and a virtual
world. Research has found that persons with ASD may
have difficulties with acquiring safe driving skills (Classen
etal. 2013; Cox al. 2012; Huang «il. 2012; Ross etl.
2015b) and are therefore less likely than peers to get a
RNAOSNRaE fAO0SyOSo L¥ (4KS& R2
much later (Cox edl. 2012; Daly edl. 2014). Barriers to
acquiring driving skills can include executive functioning difficulties ézigmonitoring, planning)
which could make driving stressful or dangerous and difficulties with attending to relevant and
important stimuli in the environment (Cox et al., 2017; Sheppardl.e2010), for example, road
hazards or pedestrians. PersonshwASD may be less likely to monitor all relevant visual fields
(Reimer et al., 2013) and have difficulties with switching attention between tasks, performing
sequential tasks, and eardinating visuomotor responses, all of which can create barriers to
leaming how to drive while maintaining safety.

Learning to drive plays a critical role in living independently and enhancing quality of life. Acquiring
I R NRic@&&iE) dssociated with increased participation in further education and paid
employment or persons with ASD (Cox et al., 2017; Huangl.e2012). VRDST provides an
opportunity for repeated practice in a controlled environment mimicking that of the real world. It
can provide individualised training to bring attention to the skills in neeatiditional practice and

can increase motivation to stay on task while learning to drive.-tiapking can also be included

to monitor gaze patterns which are associateith driver competence (Cox et al., 2017; Malik et

al. 2009; Pradhan et al. 2007Fifty-one learners with ASD (1525 years) took part in a study to
evaluate VRDST (Cox et al., 2017) during which each participant took part in some form of the
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simulator to learn to maintain lane position on straight and curvy roads, brake, stop, and maintain
speed, generalise skills across rural and urban routes, use mirror and signals, navigate traffic, detect
hazards and muHiask. Feedback could hovided by the trainer or automated whereby the

AAYdZ Fd2NRa @2A0S LINRPOPARSR NBLFE GAYS | dzZRAG2NE
tactical driving performance improved significantly.

5.3.22 Daily Living Skills

Shopping is an essentifainctional living activity. We may take our ability to execute this
activity with ease for granted, notwithstanding a certain level of stress felt by many people in
O2YLJ SGAy3 GKAA ¢SS{fte OK2NBH | 2 5 S Zepldation G Qa Iy
of a number of skills simultaneously. For example, shopping involves planning, organisation,
information processing, problem solving, an ability to cope with certain stressors like interacting
with staff and other shoppers, adequate knowledienoney to pay etc. Such skills can be learned
in isolation but it is essential that one can integrate and apply all necessary skills in the real world,
and this requires practice. Learning to integrate those skillsraabworld environment can be
quite daunting, especially for individuals who find it difficult to sustain attention in busy
environments and for those who feel anxious in unpredictable environments and those with
arbitrary social requirements.

1I| . ,l‘\\
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Creating a virtuadupermarket provides a transitional stage where individuals to practice shopping

tasks in a safe environment before performing a shopping task in the community. Learners can

move around the virtual supermarket and perform a similar process as they wowadeégular
supermarket, for example, selection the products according to a list, paying for the products, and

exiting the supermarket. The virtual environment can be designed to look like a supermarket
familiar to the learner, for example, Adjorlu et §2017) designed a virtual supermarket which
f221SR tA1S LINIAOALI YGAQ 201t &dzLISNXY I NJ S ySE
and differing sections of the supermarket were modelled on the familiar supermarket. This can
improve genealisation of skills to theealworld environment posipractice.

Theprogran¥S Ol y Fdzi2YlF GAOlIff& (GNFXO1 GKS fSIFNYySNRa
and note where they stopped during the shopping task. It can also record actions in relation to
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whether or not they are considerazbrrect or incorrect within the context of the task. For example,
choosing the correct or incorrect product and putting it in the basket, choosing a manned or empty
checkout, leaving the supermarket after paying or lag\before the task is complete. Learners
can request hints or prompts during the process or teachers can intervene and provide a hint if they
feel it would be beneficial. For example, an arrow can appear towards the direction of the next
product on theshopping list. Tutorial sessions using the virtual supermarket can also incorporate
voice instructions to prompt and teach the steps of the shopping tRskgranmes can also
automatically record the time spent in the virtual supermarket to assess anyouaments in
efficiency after practicing.

Adjorlu, Hgeg, Mangano, & Serafin (2017) evaluated their virtual supermarket with nine children
with ASD between the ages of-18. A between groups study was implemented over 10 days
including pre and postintervention measures. Four participants in the intervention group
completed 7 sessions, once per day, of practice in the virtual supermarket while the control group
received no intervention. The intervention was mediated by a teacher as opposed to researcher
implemented. Results of this study indicated that participants in the intervention group asked for
help carrying out the shopping much less than they had at baseline. Requests for help were directed
to the supermarket staff. Lamash, Klinger, and Jos(@at7) their virtual supermarket with 56
adolescents with ASD between the ages cfl®lyears.Thirty-three participants in the intervention

group took part in eight sessions. An introduction session was followed by four sessions of learning
necessaryldlls in isolation (e.g., sorting shopping lists, using signs in the supermarket etc.). The
final two sessions involved creating a shopping list according to a recipe and to perform the
shopping task in the virtual supermarket. Results demonstrated rafisent improvement in
accuracy and use of strategies (but not efficiency) compared to the control group, on a measure of
LI NODAOALI yGaQ FoAfAlGe G2 akKz2LI Ay (GKS O02YYdzyAdlec

5.4: Introduction tdequipment

5.4.1 Models/Brands/Selectirguipment/Choosing\ppropriate Equipment forindividual Service
Users

The top brands right now in VR are:

Oculus Rift SOculus Rift S has the advantage that the sensors that track the movement of the

joysticks are inside the headset, so there is no need for further location detection sensors. This
makes it easy to install and use compared to the competittog. (HTC VIVEIt requires connection

to a Windows PC to work (with specific requirements) through a cable that starts from the back of
the headset.
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Figure43: Oculus Rift S

A_MA o s oAL X

Its lens with a higliefinition screen offerslivear@A @A R 02 f 2 N&E I fderél SNIFFSd2G
Screen resolution i8560%1440 (1280%1440 for each eye) at 80 Hz. It includes a head belt for fast
and stable positioning in the head of the user.

The movement recognition is taking place through Oculgight that translate the movements of
the user to the virtual reality and it offers roebrased tracking without the need of additional
Sensors.

It includes two joysticks, named Oculus Touch, that are lightweight and include a number of
different buttonscovering many different needs of the applicatiorsy(, tohold something, press
something, release something, etdf)alsoincludes integrated sound devices that allows the user

to hear the sounds from the direction they are produced.

Oculus softwards requiredon the PC that the Oculus R#twill connectto. The connection is
through an HDMI and an additional USB cable. The minimum requirements for a PC to support
Oculus Rift S are:

Graphics card: NVIDIA GTX 1050Ti/ AMD Radeon RX 470 or greater
Alternative graphics card: NVIDIA GTX 960 / AMD Radeon R9 290 or greater
Processor; Intel #8100 / AMD Ryzen 3 1200, FX4350 or greater

Memory: 8 GB+ RAM

Video Output: DisplayPortTM 1.2 / miniDisplayPort (adapter is included)

USB ports: 1 x USB 3.0

Operatingsystem: Windows 10

= =4 -8 -4 -8 -2 -9

5 The screendoor effect (SDE is a visual artifact of displays, where tfiee lines separating pixels (or
subpixels) become visible in the displayed image
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Oculus Quest ZTheOculus Quest 2 is a braimew allin-one VR gaming system of Oculus that does

not require a PC to run. It includes a mobile device that is embedded in the VR headset. Its
lightweight, comfortable, and powerful enough to run impressively detailed virtual reality
experiences. Its screen resolutiorlB32x1920px per eye. With enhanced clatiiye user can stay

focusedon whether he is on the move or standing still. Like Bifthe movements of the usare

NBItAT SR GKNRdAK hOdzZ dzd Ly aA3IKd GKFG GNItyatl 8z
uses Redesigned Controllers and an embedded sound system.

As anyone can understand it is the future in VR hardware.

Figure44: Oculus Quest 2

HTC VIVEThe Vive VR headsetldT((a result of cooperation witNalve)is the main competitor
of Oculus RiftS with bettervisualisatiortechniques and modern design.
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Figure45: HTC Vive Headset

The HTC Vive VR Headset offers a resolution of 2160 x 1200 pixels aogtickd field,at 90 Hz
HTC Vive includes 24 location sensors that offer additional flexibility to move around to the user. It
includes the VR headset, two Base Stations and two wireless joysticks.

The headsetiseasytseandF A 1a G2 Y2ad 27F (K Semd@eddnisghceds KSI Ra&
about 3,5 * 3,5 meters. A security system named «Chaperone» alarms the user for the limits of the
allocated space to avoid accidents. Its joysticks are sigmiljdaigger than those of the Oculus Rift

-S.

Figure46: HTC Vive Controllers(joysticks)
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The base stations must be placed in permanent places, something that makes difficult to move it
around.

Figured7: HTC Vive base station for user movement and |latakéection

The minimum requirements for a PC to support HTC VIVE are:

CPU: Intel Core 8590 or AMD FX8350 or greater

Graphics: NVIDIA GeForce GTX 1060 or AMD Radeon RX 480 or greater
Memory RAM: 4GB+

Video Output: 1x HDMI 1.4 @isplayPort 1.2 or greater

USB ports: 1x USB 2.0 or faster

OS: Windows 7 SP1, Windows '8Windows 10

E R ]

HTC VIVE PRQ0 HTC VIVE pro is the headset of HTC for advanced users. Vinaudes two
OLEDpanels with maximum resolution 2880 x 160@00 x 600 per eye, at 615 PPI), signifidg
greater from the simple VIVE.
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Figure48: HTC Vive PRO with eye tracking

Its greater advantage is that is support gaze tracking so it can be used for a number of serious
applications where it is necessary to eye movements, pupil dilation, point of gaze, and blinking to
see where subjects of a study focus their visual attentiginat they engage with, and what they
ignore. The requirements for the connected PC are similar to the simple VIVE.

One of its advantages compared to Oculus ®8tis the wireless node that can be used to avoid
cables between the headset and the conrestPC.

Figure49: HTC Vive wireless connector

Vive Cosmos Playrhe answer of HTC to Oculus Quest 2 is Cosmos Play part of Vive Cosmos Series.
Vive Cosmos Play is not requiring a PC and is the main competitor of Oculus Quest 2. Cosmos XR,
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from the same Series is a mixeghlity headset with two pasthrough camerashat will depict the
physical space inside the headset enhanced with Virtual objects.

Figure50: HTC Vive Cosmos

5.4.2 PrerequisitedNeeded folUse ofEquipment

There are technical requirements and space requirements before using VR technology. It is very
important to create a safe area without obstacles to avoid injuries while experiencing VR. All VR
headsets require some form of space limits recognition bef@iagithem. The users usually have

to choose whether they will use the gear moving around the physical world or standing still. If the
users choose to use it while moving around the physical world, they first need to draw the limits of
the play area insidéhe virtual world. The software then uses these limits to warn the users if they
exit the play area.

Figure51: Setting the effective player area
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Except for the space requirements the users have to meet the technical reqntsrm order to
use VR technologyguchas those mentioned above for each deferent product. Each brand has the
technical requirements for each product online for the users to see before purchasing.

Oculus and HTC differ on the requirements for the VR.ak#&culus products work on their own
without any external cameras (base stations) since they are already built inside the headset. It is a
different story for the HTC products since the Vive series require the setup of external cameras
(base stations)Hat are included with the headsets. The cameras need to be placed at a certain
height, positioned on the diagonally opposite corners of an imaginary square that is the play area.
Recently HTC created the Cosmos series that does not require external cameras

5.4.3 Component PartBrerequisitedNeeded folUse ofEquipment

As already mentioned in the previous paragraphs the main components of a VR equipment are:

1 Controls: Buttons, Joysticks and pads to allow interactivity with the VR content.

1 Helmet: The plastic mold that the user wears on his head

1 Display: Most headsets have builh display screens, while lewost units will use
smartphones.

1 Sensors:Standalone devices or embedded in the helmet that provide positioning and
movement informatim. More, usually embedded in the helmet sensors provide
information for the movement / position of the headset.

1 Headphones/speakerddne for each ear to provide immersive sound.

5.4.4 Basi&et Up

Every brand uses a software developed for their products that the users have to install. The users
download the specific software and install it. After installation the software downloads all the
needed libraries and begins the setup. The first part of fetup is the connection of the
equipment, the headset usually has to be connected with a specific cable to the pc (if one is needed)
and the controllers are connected wirelessly. After everything is connected the users have to go
through setting up the gardian system.

5.5: Safety/Considerations

5.5.1 Space/Movement witheadset

Virtual Reality is a relative new technology that evolves every day and like any other new
technology, there are a lot of things to take into consideration in order for thesusérthis
technology be safe wist using it. Since users of VR do not have visual contact with the space
around them to watch out for obstacles in order to avoid injuries, the technology itself has to
prevent that from happening. Every VR headset usesvaoé that guides the users to setup the

play area before using it. In order to setup the area the users have to create an imaginary square
where the VR sessions will take place and clear that area from obstacles. After clearing the area,
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the user will ned to draw inside the VR software the edges of it, in order for it to alert the users
when they are getting close to those edges.

Every VR brand has different requirements but all of them support using the device standing still
GKSY dzaSNE R2y Qi KI @S Sy2dzaAK aLl OSe® 2KSy GKS dz
experience The HTC software requires a minimum play area of 2.5hm (6 ft 6 in x 5 ft) and the

Oculus software a play area of 2 m x 2 m.

5.5.2 Sensoryput

A lot of negative effects have been recognized when using VR technology. Some of those negative
effects are difficultyin focusng, reduced depth perceptigrioss of balance, nausea.

Cybersickness is the most common effect when experiencing VR. It is a form of motion sickness that
happens through VR immersion. It includes loss of spatial awareness, disorientation, aadsea
dizziness. The strength of thefedt depends on the type of VR experience and differs for each
AYRAGARIZ f @ {2YS dzaSNR R2y Qi S@Sy y20A0S Al | yF
the VR headset. The main theory fbe cause otybersickness is sensory conflict. The (s&r 0 NJ A Y
gets movementas avisual inp@tdzi A G0 R2S&ay QG 3ISG GKS YIFIGOKAYy3 A
(the system that is responsible for balance).

Factors that affect cybersickness:

1. High Acceleration. The effect of cybersickness becomes stronglee asteleration inside
0KS OANILdzf ¢g2NIR 3ISia KAIKSN® ¢KIG Aa gKe
strength is maximized.
2. Realism. It is suspected that the effects become stronger when the VR experience
becomes realistic.
3. Movement. A known aase for the effect is irregular movement that the user is not used
to (e.g.,teleporting or flying).

Ways to reduce cybersickness:

1. Decrease visual input that does not match body movement
2.1aS | RSLIIK 2F FASt R (specific hihgslrathef Ban tza 8nhld & Se S
virtual environment
3. Avoid using VR gear for extended periods of time. Limit the VR se&sid@20 minutes.
¢F1Ay3a FNBIdzSyid oNBlFl1a KSfLa (G2 NBad (KS dza
4. Focusing the eyes on something stable

5.5.3 Timaimit

Due to the immersive experience of MRs very easy for a user to get lost inside and not seali

time passing by. There's not enough scientific data on VR usage time to support that a user needs
more frequent breaks than in normal computer use. The manufacturers usually recommend taking
a 15-minute break every 360 minutes of usage. While takingegaks it is recommended to focus
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on static objects at various distances in the real world. It is clear that VR generates far more neural
activity than gaming on a typical flat screen gaming.

Except for brain and eye effects, VR can also have effects aizgh& ND& 062 Re& I YR Y dza (
should avoid repetitive movements in order to avoid repetitive motion injuries. It is very important
when taking breaks to also move around and stretch.

5.5.4 Hygiené&rotocol

When multiple users wear the same VR heagdbggiene is the top priorityespecially during the

covidmp LI YRSYAOP ¢KS KSIFRasSi O2Y0AYySR 6AGK (KS
multiply, also skin diseases can be transmitted with it. The biggest problem is the material the
interior of the headset is made of a highly absorbent foam padding that is almost impossible to

clean since it absorbs everything inside.

Figure52: absorbent foam padding in VR headsets

Ways to minimize transferring bacteria and viruses from user to user:

1. Face and hand washingach user must always wash both hands and face before using a
VR headset. After washing a hand sanitizer should be applied for best results.

2. Multiple VR foam padings Usually VR Brands make their foam padding inside
interchangeable and you can buy new ones through their website. Having a different foam
padding for each user is a very effective way to keep them safe.
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Figure53: VR paddings

3. Using disposable VR maskssposable VR masks are fitted on top of the foam padding

and they add an extra layer of protection.

Figure54: VR masks

4. Towels Each user should have their own towel to wipe their sweat every now and then,

* Co-funded by the

before it is absorbed by the head§&efoam padding.

Using noralcoholic disinfectantHeadsets and controllers should be wiped down before
and after every use and once agaiefdye putting them away. It is very important not to
use liquid disinfectant on the lenses to avoid causing damage.

UVC Disinfectant  Appliance Ultravioletgermicidal irradiation  (UVGI) is
adisinfectionmethod that useshortwavelengthultraviolet (ultraviolet C orU\AC) light to

kill or inactivate microorganisms. It is a very safe way to sanitize the device without harming
the electronics. The only problem with UVC disinfection is that it does not work on porous
surfaces.
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Figure55: Ultravioletgermicidal irradiation disinfectiomethod

5.6: Troubleshootingotential SensoryChallenges

Individuals with Autism Spectrum Disorder (ASD) and Intellectual Developmental Disorders (IDD)
often present with sensory issues pertaining to their interactions with their environment. The
American Psychiatric Association (2013) included sensory progeissimes as being one of the
diagnostic characteristics for individuals with ASD in the Diagnostic and Statistical Manual of Mental
Health Disorders 5th edition (DSM 5, 2013). Such sensory processing issues can be classified as
either hypersensitivity (i.e., over responsivenesshgpo-sensitivity (i.e., under responsiveness) to

a wide range of environmental stimuli; sights, sounds, smells, taste, proprioception (i.e., body
awareness), touch, and balance. For example, individuals whoierpersensory issues, may find
certain sounds or light frequencies very uncomfortable. The individual may find that they alter their
behaviour to either avoid or escape such stimuli, or in some cases respond in a way to access the
sensory input, if they fiid it preferred (e.g., intense smells).

Individuals with ASD and IDD can benefit from VR applications. There is a growing body of research
to support the positive impact these technologies can have on teaching functional skills, social skills,
emotional recognition and motor skills, to name but a few (e.g., Berenguer et al (2020). The
technologies can be designed to support individuals with ASD/IDD having more focus, improved
motivation and engagement. Certain stimuli can be isolated to ensure thatftieeis is on the task

at hand, by limiting any interfering stimuli.

However, the equipment may itself present as a stimulus that elicits hypesitivities for
individuals with ASD or IDD. Individuals may present with sensitivities toethdsetye.g.,hyper
sensitive to pressure or touch of the head sets, or sensitivities to wearing ear phones). In any case,
there are interventions that can support the individual to interact with the technology. From a
behaviounl perspective, the intervention shouldebspecifically designed to meet the unique
individual and environmental differences. Systematic desensitization (i.e., graduated exposure) can
be an effective intervention to support the individual to learn to safnage their reactions and
become more cmfortable in using the technological equipment.

In the case of an individual presenting with sensitivity to the equipment, the following steps can be
adapted to meet the needs of the individualo begin, the responses of the individual are
operationali®d to ensure there is an objective understanding of the behaviours associated with
the sensitivity. The stimuli associated with interacting with the equipment and eliciting sensitivity
responses are noted within a hierarchy from most to least. The indiViduthen exposed to the
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least sensitive eliciting stimulus and taught to relax in the presence of that stimulus. When the
individual demonstrates mastery (i.e., coping with the stimulus) and that the sensitivity responses
are no longer present with thagtimulus, the individual is exposed to the stimuli in the next level
within the hierarchy. In this way, the individual progresses through the hierarchy (from least to
most), learning how to relax at each level until the individual is able to interactlétkquipment

in a productive manner, without demonstrating any sensitivity responses. Additional supports such
as; role play, communication strategies, and/or social stories can be used to help support the
process.

5.7: Introduction to AR and MR

5.7.1De€finition

Augmented Reality (AR) is an interactive experience of an enhanced version of the real physical
world that is achieved through the use of digit visual elements or other sensory modalities. Mostly
observed in mobile computing and less with thes ug eye wearable devices, the user can add
GAradzrt FraasSda G2 | tAQ0S OASS 2F0Sy dzZAaAy3I | ayYll
Above and similar to this technology, Mixed Reality (MR) is the combination of AR and Virtual
Reality (VR). While wearing arficular type of headset, this new experience connects the human

YR O2YLJzi SNI SYGANRYYSYy(l 6KSNB GK2f 28distaddi é 5 RA:
interact in real time.

AR and MR technology have many similarities as they both visualize tmmgemerated data in
the real world but deal with some different features that will be explained.

5.7.2 Differences between Virtual, Augmented, and Mixed Reality

Virtual Reality (VRY' ' {1 Sa dza SNRa LISNOSLIA2Y 2F (GKSAN adzNN.
information. While wearing particular devices such as HTC Vive or Oculus Rift, It implies a complete
immersion experience that shuts out the physical world and transport the user computer

generated simulation of the environment providing him/her the ability to interact with any digital

object. However, motion and interaction can be performed with the help of controllers and

joysticks as the user has to define a standard poinplgsically stay in and not exiting while
experiencing VR.

Augmented Reality (AR3s it is said before is @alworld environment experience where the
objects that reside in the physical space are made and enhanced by computer vision (cemputer
generated graphics information). Usually performed within AR ready smartphone devices, users
can add content in the physical eratiment and guide themselves around it, while this digital
content is proving an immersive experience.

Mixed Reality (MR)is the phenomenon of merging the previous technologies (real and virtual

worlds) in order to create new environments and visualizatidixed Reality is a hybrid of reality

and VR where digital assets can interact with real objects under the laws of Physics. Simply wearing

I ALISOATFTAO GeLS 2F It aasSa dzasSNB Oly aaydzZ | aS
world asiftheyacdzl t f &8 SEA&G Ay GKSNB® / NBIFGAYy3a aK2f23aNI
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objects for users to manipulate with their hands and help industries like health, military services
and education are some of the features it can provide.

Extended RealityXR)is a technical term that covers all the previous technologies that enhance our
aSyasSazr oKSGKSNI 6KSE2QNB LINPGARAY3A FRRAGAZY T A
unreal, simulated worlds for us to experience.

Figureb56: Virtual Reality Photo by Minh Pham on Unsplash

BUDDY up with your
favorite Pokémon!

Figure57: Augmented Reality Game Pokemon Go. Pokemons appear in the physical world through the
Y20Af SQa LIK2YyS O YSNI @
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Figure58: Mixed Reality with Microsoft Hololens 2

5.7.3 History of AR/MR

Videoplace(mid-1970s):Built in the University of Connecticut from a computer researcher, Myron
Kruger, Videoplace was a laboratory dedicatedttificial reality. Within this room, projection and
camera technology was used to emit onscreen silhouettes which surrounded users for an
interactive experience.

ipant @4"

Balle virtuelle

J By
; . . M
! Ecran — . virtuel

Figure59: Videoplace, a laboratory dedicatedddificial reality

Virtual Fixtures(1992)Ly MdpdpH [ 2dzAda w2a3Syo02dz2NHX | NBA&SIF NOKS
[ 6 ONBIGSR a+ANIldzZ f CAEGdzZNBaéod hyS 2F (GKS FA
allowed military personnel to virtuallyoatrol and guide machinery to perform tasks like training

their US Air Force pilots. This was the first time that physical objects and digital ones interacted

today this technology is called Mixed reality (MR)
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NASA Innovatior{1999):Back in 1999NASA created a hybrid synthetic vision system of H#38 X
spacecraft. The system leveraged AR technology to assist in providing better navigation during their
0Sad FtAIKGAD ¢KS 'w O2YLRYSYyd RAaLXIFI&@SR YI LI RI

Figure60: NASA's AR navigation system

Volkswagen Marta Ap2013): Volkswagen debuted Marta app, a Mobile AR Technical Assistance
which primarily gave technician stdyy-stem repair instructions within the service manual. This
adaption of AR tehnology was groundbreaking, as it could and would be applied to many different
industries.

Figure61: Marta App.Article frompsfk.comon Pinterest

Google AR Glassé€2014):Google released in 2014 a pair of AR glasses that users couldowear
immersive experiences. Capable of communicating with the Internet via natural language

118

This project has been funded with support from the European Commission.

e Co-funded by the European Commission support for the prod.uctlon of this pgbllcatlon does

x x Erasmus+ Programme constitute an endrsement of the contentswhich reflect the views only of the

Koxk of the European Union authors, and the Commission cannot be held resgaedior any use which may be
made of the information contained therein


http://www.psfk.com/2013/10/augmented-reality-car-repair-manual.html
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processing commands, users could also access applications like Google Maps, Google+, Gmail and
more.

Figure62: Google AR Glasses

IKEAplace App(2017)L Y9! LX I OS 46+ a | Y20AfS 'w LW | OOSa&.
camera the customer could place visual elements in their home to see a live preview of the decor
options before making a purchase.

Figure63: IKEA Place AR app

Microsoft Hololens(2016):Microsoft released in 2016 its first version of wearable AR technology

called Hololens. Hololens is a more advanced AR device than Google Glasses as it is embracing the
features ofMixed Reality. While letting users scan their surroundings, Hololens is able to visualize

YR ONBFGS aK2f23aINIYaé GKFIG Oy AYyGSNI OG0 oAGK
level of an AR experience. However, due to its price it is not aryeay type of accessory.
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