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Figure 71: The operator is putting conductive gel between the electrodes and the scalp od the user.
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Introduction to the Course 

The area of disability includes physical, mental, developmental and age-related disorders. People 
facing these problems encounter several major obstacles, which prevent them from seamlessly 
integrating in society. Nowadays, more and more of these people have their capabilities (rather 
than their disabilities) recognised 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 inclusiveness and deinstitutionalisation process pass through all 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 skills with new approaches and digital competences, able 
to properly meet these new challenges. New and up-to-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 DDSkills project aims to develop an alliance for providing new knowledge, skills and 
competences to Professionals supporting Persons with Disabilities and Mental Health Problems, in 
line with the dual objective of VET, ŀǎ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ .ǊǳƎŜǎ /ƻƳƳǳƴƛǉǳŞΣ άŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ 
employability and economic growth, and responding to broader societal challenges, in particular 
promoting social cohesionέΦ  
 
DDSkills offers a Course Plan consisting of 4 training Units: 
 
1. New Technologies:  

- Assistive Technologies and Aids; 
- Smart Home; 
- Robotics; 
- Augmented Reality, Virtual Reality; 
- Brain-Computer Interfaces; and 
- Green ICT. 

2. Self-Advocacy 
3. Social NetworksΩ 5Ŝvelopment  
4. Therapeutic Role-Playing 
 
The developed toolkits are innovative ICT-based training tools, facilitating complex problem solving, 

increasing traineesΩ engagement and fostering deep learning. They are opensource, so that anyone 

will be able to use them for self-learning purposes. 
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How to Use this Handbook 

This Handbook is the main result of the DDSkills project. It has been structured in a way so as to 
provide the reader with a clear understanding over the specific training units and enhance 
his/her skills, knowledge and attitudes.  
 
The four focus areas of the Handbook are: 
 

1. New Technologies (Assistive Technology and Aids, Smart Home, Robotics, Augmented 
Reality, Virtual Reality, Brain-Computer Interfaces and Green ICT); 

2. Self-Advocacy and Technology Acceptance; 
3. Social NetworksΩ Development; and 
4. Therapeutic Role-Playing 

 
The Handbook targets specifically professionals who support persons with disabilities and 
mental health problems, but its input can also accommodate health care professionals in 
general. It has been developed to give a detailed analysis of the designated units. 
 
A professional can complete the course following two learning pathways, as shown on the 
graphic below: 
 
 

 
 
 
Both pathways use this Handbook as a basis. The study of the Handbook is based on a self-
directed approach, as professionals are requested to read the Handbook individually. 
Simultaneously, they can take the course either by following the first pathway, through 

Learning

Pathway 1

Handbook

(Self-Directed 
Learning)

Classroom 
Teaching 

(Face-to-Face 
Learning)

Learning 
Pathway 2

Handbook

(Self-Directed 
Learning)

Online Webinar 
through MOOC

(Online Asychronous 
Learning)
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classroom teaching (face-to-face learning) provided by a trainer or by following the second 
pathway of online asynchronous learning, in an online webinar through MOOC (Massive Open 
Online Course).  
 
More specifically, the two pathways are designed in a blended learning way, so as to provide the 
professionals with a better understanding of the training units. Having the study of the Handbook 
as the foundation of the learning process (self-directed learning), the reader can expand his/her 
ǳƴŘŜǊǎǘŀƴŘƛƴƎ ǘƘǊƻǳƎƘ άŦŀŎŜ-to-ŦŀŎŜ ƭŜŀǊƴƛƴƎέ ōȅ ŀǘǘŜƴŘƛƴƎ ŎƭŀǎǎǊƻƻƳ ǘŜŀŎƘƛƴƎ όLearning 
Pathway 1ύ ƻǊ ǘƘǊƻǳƎƘ άƻƴƭƛƴŜ ŀǎȅƴŎƘǊƻƴƻǳǎ ƭŜŀǊƴƛƴƎέ by taking a MOOC (Learning Pathway 2).  

 
Both pathways can prepare the interested professionals for the Final Assessment. The 
participants who will successfully pass the assessment will be provided with an ISO17024 
certification. 
 
This Handbook and the material to be used in the face-to-face or online asynchronous learning 
will also be certified. 
 
Each unit in the Handbook begins with the sections άAimέ, άLearning OutcomesέΣ ά¢ƻǇƛŎǎέΣ 
άKey Wordsέ ŀƴŘ άLƴǘǊƻŘǳŎǘƛƻƴέΦ 
 
Aim: 
Each training unit starts with a summary of its aim. This section provides the main objectives of 
the unit and explains why someone should follow the course corresponding to the specific unit. 
 
Learning Outcomes: 
This section acts as a signpost of what a reader can expect to learn from the specific training unit, 
expressed in terms of acquired knowledge, skills and attitudes. 
 
Topics: 
In this section, all the topics of the training unit are listed one after the other, so that the reader 
knows from the beginning what the specific unit entails. 
Key Words: 
This section gives to the reader some key words related to the training unit. 
 

DDSKILLS
Self-Directed 

Learning through 
the Handbook

Face-to-Face 
Learning 

Classroom 
Teaching

Online 
Asynchronous  

Learning

Online Webinar 
through MOOC
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Introduction: 
This section is introductory to the main section of the training unit and is developed in a way that 
it can smoothly engage the reader with the unit and move the reader to the main section. 
 
At this point, the reader will have a brief understanding of the training unit and an explicit idea 
of what to expect from it. 
 
Once the reader has effectively studied the relevant material of the unit either through face-
to-face learning or through online asynchronous learning, s/ he can test his/her understanding 
of the unit through the άLearning Evaluationέ ǎŜŎǘƛƻƴ.  
 
Learning Evaluation: 
 

- Self-assessment Questions:  
The questions of this section are designed so as to test the understanding of the reader on the 
main concepts of the unit. These questions can also prepare the professional for the Final 
Assessment, so as to get certified with ISO17024. 

- Activities:  
The activities of this section are designed so as to enhance the knowledge of the reader, question 
his/her understanding of the unit and give examples of the relevant topics. They may be: 

Á Discussion Boxes 
Á Open Questions on: Key Concepts/Characteristics/Benefits 
Á Real-Life Examples 
Á Case Studies 
Á Etc.  

 
If the reader fails the self-assessment questions and/or cannot successfully follow the activities 
of a specific unit, it is recommended that s/he reads this unit in the Handbook again and attends 
the classroom teaching or the online webinar for a second time. Then, s/he can re-evaluate 
his/her learning level. 
    
Summary: 
In this section, the key points of the training unit are summarised. The idea behind this section is 
to provide the reader with a revision of the unit, but also to help him/her identify the key 
concepts of the unit in a quick manner and their alignment with the key words provided at the 
beginning of the unit.  
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UNIT 1: New Technologies 

 

Aim: 
 

The aim of the unit is to provide the learners with background knowledge on new technologies 
in health and social care, specifically on the topics of assistive technologies, smart home, robotics 
and green information and communication technology as well as virtual and augmented reality 
and brain-computer interface. This knowledge should enable learners to identify areas of 
application in their own working environment and support decision-making to best support 
clients and promote their participation. 

 

 

Learning Outcomes: 
 

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

In terms of knowledge: 
V Explain the concept of the International Classification of Functioning, Disability and 

Health (ICF) via the ICF model. 
V CƻƴǘǊŀǎǘ ǘƘŜ ǘŜǊƳǎ ά!ǎǎƛǎǘƛǾŜ ¢ŜŎƘƴƻƭƻƎȅέ ό!¢ύ ŀƴŘ ά!ǎǎƛǎǘƛǾŜ tǊƻŘǳŎǘέ ό!tύ. 
V Tell the difference between low-tech, mid-tech and high-tech AT. 
V Name specific solutions for vision, hearing, mobility, communication and cognitive 

impairments. 
V Illustrate the possibilities of Ambient Assisted Living (AAL) applications. 
V Name specific legal requirements of accessibility. 
V Contrast accessible and universal design. 
V List factors that influence AT acceptance. 
V Recall legal basis of data protection. 
V Explain the impact of participatory design on usability. 
V Name main characteristics of smart home. 
V Relate the term smart home to the concept of Ambient Assisted Living (AAL). 
V Name smart home devices from different categories. 
V Recall benefits and concerns of smart home.  
V Label main ways of financing smart home devices.  
V Name fields of robotic application in the health and social care sector. 
V Summarize in which ways robotics can support caregivers.  
V Recall robotic solutions for people with disabilities or functional decline.  
V Tell about the challenges of robotic implementation in private homes and institutions. 
V Describe the architecture of Internet of Things (IoT) solutions. 
V Recall the most common techniques applied to sensors to reduce their power 

consumption. 
V Name the basic wireless communication protocols and the differences between them. 
V Define and describe Virtual Reality. 
V Define and describe 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 disabilities. 
V Describe the main parts of a VR headset.  
V Describe the different AR/MR devices. 
V Explain the differences between VR, AR and Mixed Reality Applications (Types of 

interactions, limitations, etc.). 
V Define and describe Brain Computer Interface technology. 

V Explain main applications for BCI technology. 

V Name the main brain signal acquisition methods used for invasive and non-invasive BCIs. 

V Describe electrical signals used to control non-invasive BCIs. 

V Explain how a BCI can be used as assistive technology to support communication and 

interaction with external world. 

V Explain how a BCI can be used as a rehabilitation tool. 

 

In terms of skills: 
V Identify Assistive Technology (AT) for specific use cases on EASTIN. 
V Analyze the process of assistive product provision in their own country. 
V Utilize a programme to check a website for accessibility. 
V Apply guidelines of accessibility on their own web pages. 
V Develop how digital health applications and services influence the AT market. 
V Examine factors of AT acceptance for a specific use case. 
V Apply the MEESTAR as a method to discuss ethical values in specific situations.  
V Develop simplified explications to explain the concept smart home to clients. 

V Identify possible smart home devices clients could benefit from. 

V Estimate the likelihood of financing a smart home device privately or publicly.    

V DƛǎŎǳǎǎ ǘƘŜ ǳǎŜ ƻŦ ǎƳŀǊǘ ƘƻƳŜ ƛƴ ƻƴŜΩǎ ƻǿƴ ǇǊƻŦŜǎǎƛƻƴ.  

V Categorize robotic systems according to their usage. 

V Identify advantages and disadvantages in robotics for rehabilitation. 

V Identify ethical factors that are relevant when implementing robotics. 

V Analyze factors that influence the acceptance of robotic devices.  

V Analyze the power consumption of an IoT device based on its characteristics.  

V Apply specific settings to an IoT device to consume less power. 

V Identify when a device needs a gateway (e.g., mobile phone) to send data to a server. 

V Identify important considerations for persons with disabilities when using VR and AR.  
V Distinguish between VR and AR/MR Equipment. 
V Setup VR equipment. 
V Identify a potential target user for BCI technology. 

V Setup a BCI equipment for simple communication task. 

 

In terms of attitudes: 
V 9ǾŀƭǳŀǘŜ ǘƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ƻŦ !¢ ǇǊƻǾƛǎƛƻƴ ŦƻǊ ŀ ǇŜǊǎƻƴΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ǎƻŎƛŜǘȅ. 
V Discuss advantages and disadvantages for a specific AT device. 
V Estimate acceptance factors that could influence AT application in a given situation. 
V Evaluate ethical issues and legal requirements. 
V 5ŜǾŜƭƻǇ ŀƴ ƻǇƛƴƛƻƴ ƻƴ ǎƳŀǊǘ ƘƻƳŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ƻƴŜΩǎ ƻǿƴ ǇǊƻŦŜǎǎƛƻƴ. 
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V Assess ethical concerns of smart home.  
V Assess legal concerns of smart home. 

V Evaluate specific robotic solutions for individual situations. 

V Estimate the current state of robotic solutions to support individuals and institutions. 

V Develop an opinion in which cases robotic devices should be implemented. 

V 9ǾŀƭǳŀǘŜ ŘƛŦŦŜǊŜƴǘ Lƻ¢ ǎƻƭǳǘƛƻƴǎ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ΨƎǊŜŜƴŜǊΩ ƻƴŜǎ ƻŦ ǘƘƻǎŜ ŀŘŘǊŜǎǎƛƴƎ their 
needs. 

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

V Compare the use of AR and VR to facilitate learning. 
V Run VR and AR/MR applications with beneficiaries effectively and evaluate their 

performance.  
V Manage and supervise other trainers in the use of VR and AR equipment and guide them 

to the application of respective applications with the beneficiaries.  
V Explain to other trainers and users what a BCI can actually do and what not. 

V Understand which type of BCI can be the most effective for a specific objective/task. 

 

 

Topics: 
 

¶ Assistive Technologies and Aids 

¶ Smart Home 

¶ Robotics in the Health and Social Care System 

¶ Green ICT 

¶ Virtual Reality (VR) and Augmented Reality (AR) 

¶ Brain-Computer Interface (BCI) 

 

 

Key Words: 
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¶ Disability models 

¶ Assistive Technology 

¶ Assistive product 

¶ Accessibility 

¶ Universal design  

¶ Ambient/Active Assisted 
Living (AAL) 

¶ Digital health applications 

¶ Participatory design 

¶ Data protection  

¶ Acceptance  

¶ Ethical aspects 

¶ Smart home 

¶ Building automation 

¶ Smart device 

¶ Sensor 

¶ Environmental control 

¶ Health monitoring 

¶ Brain computer interface 

¶ P300 

¶ Event-Related potential 

¶ Communication 

¶ Multidisciplinary  

¶ Independent living 

¶ Robot 

¶ Service robot 

¶ Robotic device 

¶ Rehabilitation 

¶ Caregiver 

¶ Intelligent nursing aids  

¶ Logistic and transport systems 

¶ Telepresence robots 

¶ Emotional robots 

¶ Mobility aids 

¶ Handling aids 

¶ Internet of things 

¶ Green ICT 

¶ Power consumption 

¶ Communication protocols 

¶ Virtual reality 

¶ Augmented reality 

¶ Mixed reality 

¶ Social communication 

¶ Functional living skills 

 

 

 

Introduction: 

 

Digitalisation is 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 contribute to increasing autonomy 
and participation as well as to improve quality of care, safety and security (Klein & Oswald, 2020).  
For relatives and professional groups, they can relieve physical and mental strains. 

In order to be able to offer new digital 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 technologies such 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 issues are described to promote decision-making. 

In the first topic, the field of Assistive Technologies (AT) is introduced based on the ICF model of 

disability (WHO, 2001) starting with an overview and explanations of terms and concepts. 

Applications for people with specific disabilities are 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 linked to the field 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 technology 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 also, e.g., with mobility constraints.  

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 3 provides information on three areas of 

application: rehabilitation, robotics to support caregivers and other staff and robotics for support 

at home.  

Regarding ecological aspects, digital technologies such as the Internet of Things (IoT) products have 

the disadvantage that they consume a lot of energy. When we consider climate change, the 

ŎƘŀƭƭŜƴƎŜ ƛǎ ǘƻ ŎǊŜŀǘŜ ΨƎǊŜŜƴŜǊΩ systems and to choose less energy consuming alternatives when 

installing new technologies at home or in institutions. Solutions for this challenge are provided in 

chapter 4.  

Chapter 5 is about Virtual and Augmented Reality and skills training: Certain skills and competencies 

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

to various opportunities 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 incorporating virtual reality 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 Intellectual Disabilities will be outlined. 

Communication and control of the external environment can be provided via brainςcomputer 

interfaces (BCIs) to replace a lost function in persons with severe diseases and little or no chance of 

recovery of motor abilities (i.e., amyotrophic lateral sclerosis, brainstem stroke). This subject is 

covered in topic 6. BCIs 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 rehabilitation programmes in persons who have suffered from a central nervous system 

injury (i.e., stroke leading to a motor or cognitive impairment). 
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Topic 1: Assistive Technologies and Aids 
 

1.1: Introduction 
 

The main objective of the chapter is to provide the essential knowledge about assistive technologies 
and aids as well as socio-technical arrangements for healthcare professionals. The aim is to enable 
healthcare professionals to address the needs of people with intellectual, mental or physical 
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 advancements in the assisted living domain that can be 
utilized by people with disabilities and by health professionals to improve theƛǊ ŎƭƛŜƴǘǎΩ wellbeing. 
Therefore, the participants convey an overview of terms, definitions and developments in the area 
of disability, Assistive Technologies, accessible and universal design, Ambient Assisted Living (AAL) 
and digital health. Additionally, AT devices for selected impairments are presented. Another 
objective of this unit is to increase the awareness that Assistive Technologies are part of a complex 
socio-technical 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 
issues of data protection and usability. 

 

1.2: Models and Concepts of Disability  
 

Disability can be viewed from several perspectives and therefore different concepts of disability 
exist. Three of them are presented in the following section: 

 

1.2.1 Models of Disability 

1. ¢ƘŜ άaŜŘƛŎŀƭ-ƳƻŘŜƭέΥ 5ŜŦƛŎƛǘ ƻǊƛŜƴǘŀǘŜŘ ǇŜǊǎǇŜŎǘƛǾŜ 

¶ 5ƛǎŀōƛƭƛǘȅ ƛǎ ŀ ǇŜǊǎƻƴΩǎ ǇǊƻōƭŜƳ  

¶ It is directly caused by disease, trauma or other health condition 

¶ It requires medical care (individual treatment) by professionals  

 

2. ¢ƘŜ ά{ƻŎƛŀƭ ƳƻŘŜƭέΥ {ƻŎƛŀƭ ŎƻƴǎǘǊǳŎǘƛƻƴ 

¶ 5ƛǎŀōƛƭƛǘȅ ƛǎ ƴƻǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŀǘǘǊƛōǳǘŜ  

¶ Complex collection of conditions, many created by the social environment  

 

3. ά.ƛƻ-psycho-social model": balance between medical and social model 

¶ Functioning and disability as dynamic interaction between health conditions and 
contextual factors, both personal and environmental (WHO, 2011) 
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Other models of disability can be found under https://www.disabled-
world.com/definitions/disability-models.php. The view of each model has consequences for the 
people concerned. 

 

The World Health Organization (WHO) describes the term disability as follows: 

ά5ƛǎŀōƛƭƛǘȅ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ŀ ƘŜŀƭǘƘ ŎƻƴŘƛǘƛƻƴ όŜΦƎΦ ŎŜǊŜōǊŀƭ ǇŀƭǎȅΣ 
Down syndrome and depression) and personal and environmental factors (e.g. negative attitudes, 
ƛƴŀŎŎŜǎǎƛōƭŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀƴŘ ǇǳōƭƛŎ ōǳƛƭŘƛƴƎǎΣ ŀƴŘ ƭƛƳƛǘŜŘ ǎƻŎƛŀƭ ǎǳǇǇƻǊǘǎύΦέ ό²IhΣ нлнлŀύΦ  

 

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

The International Classification of Functioning, Disability and Health (ICF) from the World Health 
Organization (WHO, 2001) consist of the bio-psycho-social model of health. 

¢ƘŜ L/C ǾƛŜǿǎ ƘǳƳŀƴ ŦǳƴŎǘƛƻƴƛƴƎ ƛƴ ǘƘǊŜŜ ƭŜǾŜƭǎΥ άŀǘ ǘƘŜ ƭŜǾŜƭ ƻŦ ōƻŘȅ ƻǊ ōƻŘȅ ǇŀǊǘΣ ǘƘŜ ǿƘƻƭŜ 
ǇŜǊǎƻƴΣ ŀƴŘ ǘƘŜ ǿƘƻƭŜ ǇŜǊǎƻƴ ƛƴ ŀ ǎƻŎƛŀƭ ŎƻƴǘŜȄǘέ (WHO 2002, 10).  The following terms are 
essential:  

¶ Body Functions: Physiological functions of body systems, including psychological functions 

¶ Body Structures: Anatomical parts of the body such as organs, limbs and their components  

¶ Activity: Execution of a task or action by an individual 

¶ Participation: Involvement in a life situation 

¶ Environmental Factors: Physical, social and attitudinal environment in which people live 
and conduct their lives 

 

In this context the term disability involves dysfunction at one or more of the following levels (WHO, 
2001):  

¶ Impairments: Problems in body function or structure such as a significant deviation or loss. 

¶ Activity Limitations: Difficulties an individual may have in executing activities. 

¶ Participation Restrictions: Problems an individual may experience in involvement in life 

Figure 1: Influence on the bio-
psycho-social model of health 

https://www.disabled-world.com/definitions/disability-models.php
https://www.disabled-world.com/definitions/disability-models.php


ά/ǳǘǘƛƴƎ-Edge Digital Skills for Professional Caregivers 

of Persons with Disabilities and Mental Health Problemsέ 

  

 24 
. 

 

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

European Commission support for the production of this publication does not 

constitute an endorsement of the contents, which reflect the views only of the 

authors, and the Commission cannot be held responsible for any use which may be 

made of the information contained therein. 

situations. 

 

Disability emerges in the interaction between ŀ ǇŜǊǎƻƴΩǎ ƘŜŀƭǘƘ ŎƻƴŘƛǘƛƻƴ ŀƴŘ ǇŜǊǎƻƴŀƭ ŀƴŘ 
environmental factors. 

 

Figure 2: The ICF model (WHO, 2001, p.18) 

 

Example: 

A person with a visual impairment (health condition that affects body structures and functions) in 
a country without an area-wide supply of spectacles (environmental factors) might not be able to 
learn advanced reading and writing (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 participations. 

For further information and practice you 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 Technologies - Terminology and Information Sources  
 

In the following section commonly used terms in Assistive Technology are explained, as well as 
where to find information on relevant products and services. 

 

1.3.1 Definitions 

The World Health Organization defines the term Assistive Technology (AT) as:  

¶ άǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ƻŦ ƻǊƎŀƴƛȊŜŘ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ǎƪƛƭƭǎ ǊŜƭŀǘŜŘ ǘƻ ŀǎǎƛǎǘƛǾŜ ǇǊƻŘǳŎǘǎΣ ƛƴŎƭǳŘƛƴƎ 

https://www.who.int/docs/default-source/classification/icf/drafticfpracticalmanual2.pdf?sfvrsn=8a214b01_4
https://www.who.int/docs/default-source/classification/icf/drafticfpracticalmanual2.pdf?sfvrsn=8a214b01_4
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ǎȅǎǘŜƳǎ ŀƴŘ ǎŜǊǾƛŎŜǎΦ !ǎǎƛǎǘƛǾŜ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ŀ ǎǳōǎŜǘ ƻŦ ƘŜŀƭǘƘ ǘŜŎƘƴƻƭƻƎȅΦέ όнлмсΣ ǇΦ мύ  

¶ ά!ƴ ǳƳōǊŜƭƭŀ ǘŜǊƳ ŦƻǊ ŀƴȅ ŘŜǾƛŎŜ ƻǊ ǎȅǎǘŜƳ ǘƘŀǘ ŀƭƭƻǿǎ ƛƴŘƛǾƛŘǳŀƭǎ ǘƻ ǇŜrform tasks they 
would otherwise be unable to do or increases the ease and safety with which tasks can be 
ǇŜǊŦƻǊƳŜŘέ όнллпΣ ǇΦ млύ 

Examples for Assistive Technologies are mobility aids as well as seating and positioning aids, 
environment control systems, barrier-free 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 and telehealth 
(Connell et al., 2008). 

There are slightly different definitions and concepts of Assistive Technology on an international 
level and especially on national levels. Delimitations can be different and new concepts appear 
through new innovations. This makes it sometimes difficult to classify the terms. 

Assistive Products ŀǊŜ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ ²Ih ŀǎ ά!ƴȅ ŜȄǘŜǊƴŀƭ ǇǊƻŘǳŎǘ όƛƴŎƭǳŘƛƴƎ ŘŜǾƛŎŜǎΣ 
equipment, instruments or software), especially produced or generally available, the primary 
purpose of which is to maiƴǘŀƛƴ ƻǊ ƛƳǇǊƻǾŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ ƛƴŘŜǇŜƴŘŜƴŎŜΣ ŀƴŘ 
thereby promote their well-being. Assistive products are also used to prevent impairments and 
ǎŜŎƻƴŘŀǊȅ ƘŜŀƭǘƘ ŎƻƴŘƛǘƛƻƴǎΦέ όнлмсΣ ǇΦ мύΦ 

The ISO 9999:2020-08 defines an assistive product aǎ άǇǊƻŘǳŎǘ ǿƘƛŎƘ ƻǇǘƛƳƛȊŜǎ ŀ ǇŜǊǎƻƴΩǎ 
ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ ǊŜŘǳŎŜǎ ŘƛǎŀōƛƭƛǘȅέΦ Lǘ ƛǎ ŀŘŘŜŘ ǘƘŀǘ ŀǎǎƛǎǘƛǾŜ ǇǊƻŘǳŎǘǎ άƛƴŎƭǳŘŜ ŘŜǾƛŎŜǎΣ ƛƴǎǘǊǳƳŜƴǘǎΣ 
ŜǉǳƛǇƳŜƴǘΣ ŀƴŘ ǎƻŦǘǿŀǊŜέ ŀƴŘ ǘƘŀǘ ǘƘŜȅ άŎŀƴ ōŜ ŜǎǇŜŎƛŀƭƭȅ ǇǊƻŘǳŎŜŘ ƻǊ ƎŜƴŜǊŀƭƭȅ ŀǾŀƛƭŀōƭŜ ƛǘŜƳǎέΦ 

Assistive products are sometimes also referred to as aids or technical aids.   

The Priority Assistive Products List (APL) 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 with light/sound/vibration 
2. Audioplayers with DAISY capability 
3. Braille displays (note takers) 
4. Braille writing equipment/braillers 
5. Canes/sticks. 

All in all, the list contains 50 products ranked as a priority in a multi-stage global survey. 

 

1.3.2 The European Database EASTIN and Databases in the Different Countries 

There is a European search engine on Assistive Technologies called EASTIN - European Assistive 
Technology Information Network (www.eastin.eu). It provides information on products in most 
languages of the European Union and also refers to national databases. You can search products by 
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 case studies or fact sheets. 

The European database receives information from eight national databases: 

¶ ATAust: Australia 

¶ AZARIM: Israel 

¶ DLF Data: United Kingdom 
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¶ Vlibank: Belgium 

¶ Siva: Italy 

¶ Handicat: France 

¶ Rehadat: Deutschland  

¶ Hjælpemiddelbasen: 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.  

 

1.3.3 Exhibitions, Fairs and Living Labs 

To find new innovations and individual solutions, there are exhibitions and fairs where companies 
show their products and services like the REHACARE (Düsseldorf) or the REHAB (Karlsruhe) in 
Germany, the SWISS Handicap (Lucerne) in Switzerland, or the ASSITIVE TECHNOLOGY (Tampere) 
in Finland. 

In addition to exhibitions on general AT, there are also ones that focus on special impairments like 
the SightCity (Frankfurt, Germany), an exhibition demonstrating aids for blind and visually impaired 
people. 

More and ƳƻǊŜ ǳƴƛǾŜǊǎƛǘƛŜǎ ŀƴŘ ǊŜǎŜŀǊŎƘ ŎŜƴǘǊŜǎ ŀǊŜ ŜǎǘŀōƭƛǎƘƛƴƎ ǎƻ ŎŀƭƭŜŘ άƭƛǾƛƴƎ ƭŀōǎέΦ ¢ƘŜǎŜ ŀǊŜ 
smaller exhibitions where students, professionals and the public can watch and experience 
available products and new innovations on the field of AT. 

The permanent exƘƛōƛǘƛƻƴ άIŜƭƭƻ CǊŜŜŘƻƳΗ ¢ƻƎŜǘƘŜǊ ōŜȅƻƴŘ ōŀǊǊƛŜǊǎέ is such a living lab. It is 
operated by Frankfurt UAS together with the Frankfurt Foundation for the Deaf and Hearing 
Impaired and the VdK Social Association Hesse-Thuringia. The objective is to inform on inclusion, 
participation and assistive technologies. In a 200sqm space, which is constructed like a flat, visitors 
can get to know different products for barrier-free living (also especially for hearing impaired 
people), get insights into technical solutions for ambient assisted living, telecare and telehealth, 
and meet emotional and social robotics. 
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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 From Low-tech to High-tech Assistive Technologies 

Assistive Technologies can be described on a continuum from no or low-tech over med-tech to high 
tech devices (Chambers, 2020):  

Low-tech Assistive Technology is the most easily accessible and usually the one with the 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. 

 

 

Figure 4: Low-tech AT: Tableware set with high contrasts for people with vision impairments (Picture: J. 
Schneider, VdK Hessen-Thüringen e.V.) and slide board to facilitate a transfer (Picture: Fondazione Santa 
Lucia) 

Figure 3Υ LƴǎƛƎƘǘǎ ƛƴ ǘƘŜ ŜȄƘƛōƛǘƛƻƴ άIŜƭƭƻ CǊŜŜŘƻƳΗ ¢ƻƎŜǘƘŜǊ ōŜȅƻƴŘ ōŀǊǊƛŜǊǎΣ 
(Pictures: K. Rupp, Frankfurt UAS) 
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Mid-tech AT has a power source but is often still available on reasonable prices and does not need 
extensive training to use. Examples for these are reading pens, single-phrase communication 
systems (Talkers) or audio books. 

 

 

 

 

 

 

 

 

 

 

 

 

 

High-tech AT is usually the most complex and also the most expensive option. It often has to be 
adapted and personalized and extensive training is needed to use it. Examples are Eye-gaze systems 
and text-to-speech software. 

 

          

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 6: High-tech AT: Communicator with speech recognition and head tracking 
(Pictures: Fondazione Santa Lucia) 

Figure 5: Mid-tech AT:  Pen that reads out words saved on a sticker (Picture: A. Dürr), 
electronic bed that helps the user to get in and of the bed (Picture: K. Rupp, Frankfurt UAS) 
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The provision of a low-tech, mid-tech or high-tech device may depend on its accessibility, its price, 
its capacity to be personalized, 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 used. For 
example, devices that have a battery need an electricity source and many intelligent software 
systems need access to the internet. If this cannot be provided the user will not be able to benefit 
from the product. The same problem appears if the device is technologically too complex and 
people perceive its usage as not simplifying their daily life. Then they might not use it either.    

To obtain an impression, the following link provides an overview with examples of low-, mid- and 
high-tech AT: https://www.ctdinstitute.org/sites/default/files/file_attachments/AT-Solutions.pdf.  

 

1.4.2 Further Classifications 

For a more differentiated distinction Ritterfeld and Hastall (2017) propose a classification in types 
of function and modes of operation.  

 

The type of function differentiates between prostheses, tools and environmental control: 

¶ Prostheses refer to technologies which are close or connected to the body or are implanted 
(e.g., arm prosthesis, cochlea implant).  

¶ Tools are close to the body, but they do not replace parts of the body. One example is the 
talker or a communication system in AAC. 

¶ Environmental control involves indirect manipulation of the environment (e.g., via sensors, 
as in smart home applications or via voice control). 

The authors further distinguish between the operation types mechanical (e.g., dental implant, 
wheelchair), electrical (e.g., stair lift) and digital (e.g., Talker, Smart Home).  

 

For digital technologies the following characteristics are described (Ritterfeld & Hastall, 2017): 

¶ Sensor-based: Sensor-based systems react to external stimuli such as light, heat or 
movement after being adapted (e.g., motion detector) 

¶ Interactive systems provide for communication between user and system (e.g. a chat bot 
in an app for mental health).   

¶ Intelligent systems use information from sensors as well as interactions with the user and 
thus develop further or adapt to the user (e.g., exercises in training software become more 
exhausting if the user gets better).  

 

1.4.3 Assistive Products by Topic 

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

ISO Code Description 

https://www.ctdinstitute.org/sites/default/files/file_attachments/AT-Solutions.pdf
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04 ASSISTIVE PRODUCTS FOR MEASURING, SUPPORTING, TRAINING OR REPLACING BODY FUNCTIONS 

05 ASSISTIVE PRODUCTS FOR EDUCATION AND FOR TRAINING IN SKILLS 

06 ASSISTIVE PRODUCTS ATTACHED TO THE BODY FOR SUPPORTING NEUROMUSCULOSKELETAL OR 
MOVEMENT RELATED FUNCTIONS (ORTHOSES) AND REPLACING ANATOMICAL STRUCTURES 
(PROSTHESES) 

09 ASSISTIVE PRODUCTS FOR SELF-CARE ACTIVITIES AND PARTICIPATION IN SELF CARE 

12 ASSISTIVE PRODUCTS FOR ACTIVITIES AND PARTICIPATION RELATING TO PERSONAL MOBILITY AND 
TRANSPORTATION 

15 ASSISTIVE PRODUCTS FOR DOMESTIC ACTIVITIES AND PARTICIPATION IN DOMESTIC LIFE 

18 FURNISHINGS, FIXTURES AND OTHER ASSISTIVE PRODUCTS FOR SUPPORTING ACTIVITIES IN INDOOR 
AND OUTDOOR HUMAN-MADE ENVIRONMENTS 

22 ASSISTIVE PRODUCTS FOR COMMUNICATION AND INFORMATION MANAGEMENT 

24 ASSISTIVE PRODUCTS FOR CONTROLLING, CARRYING, MOVING AND HANDLING OBJECTS AND 
DEVICES 

27 ASSISTIVE PRODUCTS FOR CONTROLLING, ADAPTING OR MEASURING ELEMENTS OF PHYSICAL 
ENVIRONMENTS 

28 ASSISTIVE PRODUCTS FOR WORK ACTIVITIES AND PARTICIPATION IN EMPLOYMENT 

30 ASSISTIVE PRODUCTS FOR RECREATION AND LEISURE 

 
 

1.5: Assistive Technologies for Specific Impairments 
 

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 well as (5) intellectual disabilities and 
cognitive decline.  

 

1.5.1 Blindness and Vision Impairment  

More than 1 billion people suffer globally from vision impairments. Main causes are uncorrected 
refractive errors, cataract, age-related macular degeneration, glaucoma, diabetic retinopathy, 
corneal opacity, and trachoma. In high income countries diabetic retinopathy, 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 the EU-27 
citizens over 75 years reported severe difficulties in vision (Eurostat, 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 be linked 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 aloud and changing colour 
contrast. These functions can be further improved by special apps (Klein, 2020). 

For everyday routine, a lot of άǘǊŀŘƛǘƛƻƴŀƭέ and digital devices exist. Examples are the following 
(Klein, 2020):   

¶ A DAISY-Player (Digital Accessible Information 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 self-generated speech notes are possible. 

¶ !ǳŘƛƻ ŘŜǎŎǊƛǇǘƛƻƴ ƛǎ ŀ ǎǘŀƴŘŀǊŘ ƛƴ ƳƻŘŜǊƴ ¢±ǎ ŀƴŘ ŜƴŀōƭŜǎ άǿŀǘŎƘƛƴƎέ television through 
describing situations people would otherwise not understand without watching it.  

¶ Speech output is available for clocks, kitchen equipment (level indicators signalling when a 
vessel is full), and health products (scales, blood pressure mŜŀǎǳǊƛƴƎΧύΦ  

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

¶ 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 inform about important landmarks. Glasses 
with integrated cameras and speech-output 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 and Hearing Loss 

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 age group of over 65, about one third of people are affected (WHO, 2020c). 
In the EU-27, 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. It amplifies the 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 input. The 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 the FM (Frequency Modulation) system. Here, a sender in a 
microphone is linked to 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 it is important 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 two-senses-principle. Here systems can be equipped (e.g., with flashing 
lights or vibration that 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 text. Today this is also possible with smart phones and messenger services (Klein, 2020). 
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1.5.3 Mobility Impairment and Loss 

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 (AAATE & EASTIN, 
2012). 

Concerning mobility impairments, the WHO (2016) lists in its Priority Assistive Product List TOP 50 
canes/sticks, chairs for shower/bath/toilet, club 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 walking-devices are 
available (e.g., walking-aids for one or both arms). Examples of aids for 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 walking-aids for both arms are rollators, walking-frames, walking-bicycles, walking-
chairs and walking tables (EASTIN, n.d.). They provide more stability for people with little strength 
and balance. Walking-frames can be used to train walking with a rollator, for mobilisation after 
events of stroke or surgeries, to stand up or for transfer. Walking-chairs 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 outside. Most of them provide space to store shopping or to sit down for 
a while.  

If people are no longer able to walk and need a wheelchair, there are also different possibilities: 
Active and passive wheelchairs (which people push themselves or not), wheelchairs for inside and 
outside, electronic and non-electronic 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, 2016). Handrim-drive wheelchairs 
can be single-side or bimanual, especially electric ones which can be moved with a joystick or other 
control-system such as head, mouth- or eye control. 

Apart from systems to move around, immobile people also need other assistive products such as 
cushions 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 and walk or to retrain it.  

 

1.5.4 Speech, Language and Communication Disorders 

Speech, language and communication disorders can be congenital or acquired. If children do not 
acquire language, it 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 processes or neurodegenerative or 
neuromuscular diseases.  

Assistive Technology for people with limited speech is usually integrated in the concept of 
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Augmentative and Alternative Communication (ACC). In this concept, there are methods in which 
either the own body or external aids are needed. Body-own methods are gestures, eye pointing, 
signing and vocalizations. External aids can be divided into electronic or non-electronic devices 
(Lüke, 2017).  

Non-electronic devices are real objects, miniatures, pictures, sketches, symbols, or written 
language (Lüke, 2017). They usually involve pointing to something that stands for an activity, a need 
or a wish. Very common examples are communication books, which are usually individualized with 
special vocabulary (pictures or 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 (Lüke, 2017): 

¶ Simple devices like switches or buttons that play a previously recorded text when pressed. 

¶ Communication aids with a static display - They usually consist of symbols that play a 
specific text when pressed. 

¶ Communication aids with a dynamic display ς Here the vocabulary can consist of symbols 
or writing. Combination of symbols 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 tablet-PC as communication aid. 

Electronic communication devices have the advantage that they can also be controlled with special 
control systems like an eye tracker.  

 

1.5.5 Intellectual Disabilities and Cognitive Decline 

Intellectual disability (ID) is defined by the American Association on Intellectual and Developmental 
5ƛǎŀōƛƭƛǘƛŜǎ ό!!L55ύ ŀǎ άǎƛƎƴƛŦƛŎŀƴǘ ƭƛƳƛǘŀǘƛƻƴǎ ƛƴ ōƻǘƘ ƛƴǘŜƭƭŜŎǘǳŀƭ ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ ƛƴ ŀŘŀǇǘƛǾŜ 
behaviour, which covers many everyday social and practical skills. This disability originates before 
ǘƘŜ ŀƎŜ ƻŦ ннέ ό{ŎƘŀƭƻŎƪ Ŝǘ ŀƭΦΣ нлнмύΦ tŜƻǇƭŜ ǿƛǘƘ ƛƴǘŜƭƭŜŎǘǳŀƭ ŘƛǎŀōƛƭƛǘƛŜǎ Ƴŀȅ ƴŜŜŘ ǎǳǇǇƻǊǘ ƛƴ ǘƘŜ 
following main areas (Barr & Gates, 2019, p. 4): 

¶ Conceptual: language, reading and writing, number (including 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 self-worth)  

Causes are often not clear but can be (genetic) syndromes like autism or down-syndrome, hypoxia, 
or developmental disorders due to prematurity. 

/ƻƎƴƛǘƛǾŜ ŘŜŎƭƛƴŜ ǊŜǎǳƭǘƛƴƎ ƛƴ ŘŜƳŜƴǘƛŀ ŎƻƳŜǎ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ǎȅƳǇǘƻƳǎΣ ŀŦŦŜŎǘƛƴƎ άƳŜƳƻǊȅΣ 
thinking, ƻǊƛŜƴǘŀǘƛƻƴΣ ŎƻƳǇǊŜƘŜƴǎƛƻƴΣ ŎŀƭŎǳƭŀǘƛƻƴΣ ƭŜŀǊƴƛƴƎ ŎŀǇŀŎƛǘȅΣ ƭŀƴƎǳŀƎŜΣ ŀƴŘ ƧǳŘƎŜƳŜƴǘέ 
(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 and cognitive decline are very different and often come 
along with comorbidities, it is difficult to name specific AT for this group as a whole. It is important 
to look at the specific needs and to find a product or service matching those needs. In a survey by 
Nijs and Maes (2019) professionals working with people with profound intellectual disabilities most 
commonly identified AT to support communication, relaxation and leisure. Tools to support 
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participation in activities, to promote skill learning, to increase independence, to compensate for 
visual, auditory and/or motor disabilities, to support participation in society, to support daily care 
were also named by the participants. 

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

¶ Time/place orientation: clocks, signage, reactive and adaptive lighting, navigation aids 

¶ Prompts and reminders: medication dispensers, memory aids 

¶ Communication aids: intercoms, telephones, telecare alert equipment 

¶ Tools and aids: dementia friendly furniture, aids for activities of daily living (ADLs) 

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

There were also categories of toƻƭǎ ǳǎŜŘ ΨǿƛǘƘΩ ŀƴŘ ΨƻƴΩ ǇŜƻǇƭŜ ǿƛǘƘ ŘŜƳŜƴǘƛŀΦ ¢ƘŜ ŦƻǊƳŜǊ ǿŜǊŜ 
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: Provision of Assistive Products 
 

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 described below. 

 

1.6.1 General Provision Models 

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

¶ The medical model: Any AT devices are prescribed by a professional (usually a physician, 
but sometimes also an occupational therapist, nurse etc.). Public provision is usually 
regulated by a list of products or product specifications and prices that are reimbursed.  

¶ The social model: Within this model the focus is on the solution, not on the device. A 
budget for the solution is decided, then the choice of the device is relatively free. 

¶ The consumer model: The device is directly chosen and paid for by the user. Financial help, 
information and professional support service are provided. 

In practice, boundaries between these models are not that strict, there 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 similar throughout 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 individual AT programme)   
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4. Selection of the equipment (choosing the specific equipment within the AT programme) 

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 procedures in several European countries are presented: 

 

1.6.2 Germany 

Assistive products that are assigned to an individual person and that are part of a national device 
ƭƛǎǘ όάIƛƭŦǎƳƛǘǘŜƭǾŜǊȊŜƛŎƘƴƛǎέύ ŀǊŜ ǇŀƛŘ for ōȅ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ƘŜŀƭǘƘ ƻǊ ŎŀǊŜ ƛƴǎǳǊŀƴŎŜ, if a medical 
doctor prescribes it. Products in this national device list are categorized in: 

¶ so-ŎŀƭƭŜŘ άIƛƭŦǎƳƛǘǘŜƭέ ό!¢ tǊƻŘǳŎǘǎύ ŀƴŘ ŀǊŜ subject to the Social Security Statute Book V 
Statutory Health Insurance (§33) (SGB V) and  

¶ ƴǳǊǎƛƴƎ ŎŀǊŜ ŀƛŘǎ όάtŦƭŜƎŜƘƛƭŦǎƳƛǘǘŜƭέύ ǿƘƛŎƘ ŀǊŜ ǎǳōƧŜŎǘ to the Social Security Statute Book 
XI Statutory Nursing Care Insurance (§40) which also deals with the financing of accessible 
conversion.  

Currently, more than 32,500 devices are listed. Devices from this registered list (like a wheelchair 
or a communication aid) have to be prescribed by a physician. The person, who has to be insured 
with the Statutory Health Insurance, has to contribute with a co-payment 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 month are 
reimbursed by the Statutory Nursing Care Insurance. The Statutory Nursing Care Insurance provides 
also a financial contribution up to ϵ4,000 for home modification (Klein, 2020). 

Since 2020, digital health apps can also be prescribed by a physician and are paid 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 national 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. 

Physicians 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 and prostheses 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 was published 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 nomenclator. 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: 

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

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

¶ 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 the environment 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 
each type of aids (e.g., άŘȅƴŀƳƛŎ ŎƻƳƳǳƴƛŎŀǘƻǊέύΣ ǎǇŜŎƛŦƛŎ ǇǊƻŘǳŎǘǎ Ŏŀƴ ōŜ ǇǊŜǎŎǊƛbed by indicating 
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, testing and follow-up. 

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 who must have specific skills in 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 prescription is complete. 

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 clinical-
functional evaluation aimed at ascertaining the correspondence 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 specific professional skills in the field of communication and information aids (ICT) 
(Gazzetta Ufficiale della repubblica italiana, 2017). 

 

1.7: Ambient / Active Assisted Living (AAL) 
 

¢ƘŜ ŀŎǊƻƴȅƳ !![ ǎǘŀƴŘǎ ŦƻǊ ά!ƳōƛŜƴǘ !ǎǎƛǎǘŜŘ [ƛǾƛƴƎέ ŀƴŘ ǎǳōǎǳƳŜǎ intelligent technologies that 
support independent living especially in old age or with disabilities, in order to enhance autonomy, 
safety, to prevent social isolation and to support caregivers. In 2014, the EU AAL programme 
ŎƘŀƴƎŜŘ ǘƘŜ ǘŜǊƳ ƛƴǘƻ ά!ŎǘƛǾŜ !ǎǎƛǎǘŜŘ [ƛǾƛƴƎέ (Calvaresi, 2017). Today both terms are used 

The areas of AAL application range from pure convenience functions such as automatically 
switching off kitchen appliances or lighting, to everyday support that enables people 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 falls and send an alarm are 
essential AAL tools. They are connected to a platform, for example, ƻƴ ǘƘŜ ǳǎŜǊΩǎ ƻǊ ŎŀǊŜƎƛǾŜǊΩǎ 
ǎƳŀǊǘǇƘƻƴŜ ƻǊ ƛƴ ŀ ƴǳǊǎƛƴƎ ƻǊ ǇƘȅǎƛŎƛŀƴΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ǎȅǎǘŜƳΦ 
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AAL is often used as an umbrella term which covers mainly eHealth and Smart Home Technologies 
and related services (Andelfinger, 2016). Since 2008 the AAL Programme as a funding programme 
ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴ ŀƴŘ 9ǳǊƻǇŜŀƴ ŎƻǳƴǘǊƛŜǎ Ƙŀǎ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘΣ ǿƘƛŎƘ άŀƛƳǎ ǘƻ ŎǊŜŀǘŜ 
better quality of life for older people and to strengthen industrial opportunities in the field of 
ƘŜŀƭǘƘȅ ŀƎŜƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴέ (AAL Europe, n.d.). To date more than 220 projects have 
been funded (Farla et al., 2020).  

In 2020, results of these projects were evaluated by Farla et al. with a response rate of 85 (43%) 
projects. Of these: 

¶ 23 solutions were developed which help people feel safe by preventing physical and 
emotional harm (e.g., by fall detectors, creation of care networks). Over 31,500 people are 
reported to use these solutions. Example: https://hallozorg.nl/  

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

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

¶ 13 solutions for supporting informal carers with 25,500 end-users among them 5,000 
informal carers.  

¶ 6 solutions for the early detection of risks with 21,000 end-users. Example: 
https://cogvis.ai/cogvis-en/  

¶ 13 solutions for supporting formal carers like information sharing platforms or remote 
monitoring with 26,000 end-users, 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 barriers and challenges to enter the market the following aspects were named: 

¶ Issues in finance and commercialisation 

¶ Market fragmentation 

¶ Policy and regulatory issues 

¶ User acceptance issues (Farla et al., 2020) 

 

1.8: Accessibility 
 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ hȄŦƻǊŘ 5ƛŎǘƛƻƴŀǊȅ ǘƘŜ ŀŘƧŜŎǘƛǾŜ άŀŎŎŜǎǎƛōƭŜέ Ƙŀǎ ǎŜǾŜǊŀƭ ƳŜŀƴƛƴƎǎ ƛƴ ŜǾŜǊȅŘŀȅ ƭƛŦŜΣ 
like something is able to be reached, to be easily obtained or used or something is easily understood 
ƻǊ ŀǇǇǊŜŎƛŀǘŜŘΦ Lƴ ŀŘŘƛǘƛƻƴΣ άŀŎŎŜǎǎƛōƭŜέ ƛǎ ŜȄǇƭŀƛƴŜd as able to be reached, entered or used by 
people who have a disability.  

9ǊƭŀƴŘǎƻƴ όнллуΣ ǇΦ муύ ŘŜŦƛƴŜǎ ŀŎŎŜǎǎƛōƭŜ ŘŜǎƛƎƴ ŀǎ άǘƘŜ ŘŜǎƛƎƴ ƻŦ ŜƴǘƛǘƛŜǎ ǘƘŀǘ ǎŀǘƛǎŦȅ ǎǇŜŎƛŦƛŎ ƭŜƎŀƭ 
mandates, guidelines, or code requirements with the intent of providing accessibility to the entities 
ŦƻǊ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ ŘƛǎŀōƛƭƛǘƛŜǎΦέΣ ǿƘƛŎƘ ǊŜŦŜǊǎ to laws and provisions as basis of the design approach 
and of accessibility standards.  

https://hallozorg.nl/
https://www.emma-hilft.com/
https://www.seniorweb.nl/
https://cogvis.ai/cogvis-en/
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The United Nations Convention on the Rights of Persons with Disabilities defines in Article 9, Nr.1 
ŀŎŎŜǎǎƛōƛƭƛǘȅ ŀǎ ά¢ƻ ŜƴŀōƭŜ ǇŜǊǎƻƴǎ ǿƛǘƘ ŘƛǎŀōƛƭƛǘƛŜǎ ǘƻ ƭƛǾŜ independently and participate fully in all 
ŀǎǇŜŎǘǎ ƻŦ ƭƛŦŜ όΧύ ώŀƴŘϐ ǘƻ ŜƴǎǳǊŜ ǘƻ ǇŜǊǎƻƴǎ ǿƛǘƘ ŘƛǎŀōƛƭƛǘƛŜǎ ŀŎŎŜǎǎΣ ƻƴ ŀƴ Ŝǉǳŀƭ ōŀǎƛǎ ǿƛǘƘ ƻǘƘŜǊǎΣ 
to the physical environment, to transportation, to information and communication, including 
information and communication technologies and systems, and to other facilities and services open 
ƻǊ ǇǊƻǾƛŘŜŘ ǘƻ ǘƘŜ ǇǳōƭƛŎΣ ōƻǘƘ ƛƴ ǳǊōŀƴ ŀƴŘ ƛƴ ǊǳǊŀƭ ŀǊŜŀǎΦέ 

 

 

                            Figure 7: Accessibility for blind people: Information in Braille  
                                    (Picture: J. Schneider, VdK Hessen- Thüringen 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 2010 ς 2020. Part of that strategy 
is the European Accessibility Act, a directive which has to be converted into national law by the 
member states by June, 28th 2022 and applied from July 28th, 2025. 

With the European Accessibility Act the EU aims to improve the market for accessible products and 
services for persons with a disability. Products like computers, smart phones and TV equipment as 
well as services like bus and rail ticketing, banking services and e-commerce have to be accessible 
for people with disabilities then (European Commission, n.d). 

For digital technology, including websites, software, electronic devices, and mobile apps the 
European Standard for Digital Accessibility EN 301 549 was 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 the Web Content Accessibility Guidelines (WCAG) 2.1 (World Wide 
Web Consortium, 2018). 

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

¶ blindness and low vision 

¶ deafness and hearing loss 

¶ limited movement 

¶ speech disabilities 
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¶ photosensitivity 

¶ learning disabilities and cognitive limitations 

The guidelines are translated into several languages.  

Another concept that is important to provide accessibility to web contents is Easy Language. It helps 
people with low literacy levels to understand contents better. Examples of recommendations are 
collected by Yalon-Chamonitz (2009): 

¶ Keep sentences short (no more than 15 or 20 words) 

¶ If you have to use a difficult word, explain what it means 

¶ Use full words and avoid abbreviations 

¶ Use large print, a clear typeface, plenty of spacing 

¶ Avoid jargon 

¶ Use bullet points or fact boxes 

¶ Use active rather than passive verbs  

¶ Use simple punctuation  

¶ Do not hyphenate words at the end of a line 

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

 

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

 

Examples for ISO Standards towards accessibility are:  

Á ISO 9999:2020 Assistive products ς Classification and terminology  

Á ISO 21542:2011 Building construction - Accessibility and usability of the built 
environment  

Á ISO 9241-20:2008 Ergonomics of human-system interaction - Part 20: Accessibility 
guidelines for information/ communication technology (ICT) equipment and services  

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

Á ISO 16201:2006 Technical aids for persons with disability - Environmental control 
systems for daily living  

Á ISO/ IEC 40500:2012 Information Technology - W3CWeb Content Accessibility Guidelines 
(WCAG) 2.0  

Á ISO/ IEC 24786:2009 Information technology - User interfaces - Accessible user interface 
for accessible settings  

Á ISO 17069:2020 Accessible Design ς Consideration and assistive products for accessible 
meeting  

https://www.iso.org/home.html
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Á ISO 17966:2016 Assistive products for personal hygiene that support users ς 
Requirements and test methods  

Á ISO/TR 22411:2008 Ergonomics data and guidelines for the application of ISO/IEC Guide 
71 to products and services to address the needs of older persons and persons with 
disabilities  

 

 

1.9: Universal Design  
 

Article 2 of the UN Disability Equality Convention refers to the importance of "universal 
design" of products, environments, programmes and services so that they can be used 
by all people without adaptation or specialized design.  

For major principles of Universal Design were identified by Ron Mace (Null, 2013): 

¶ 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) 

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

 

In 1997, those principles of Universal Design were extended to seven principles by the 
Centre for 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 preferences and 
abilities (right- and left-handed access) 

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

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

5. Tolerance for error: minimizes hazards 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. {ƛȊŜ ŀƴŘ ǎǇŀŎŜ ŦƻǊ ŀǇǇǊƻŀŎƘ ŀƴŘ ǳǎŜΥ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǳǎŜǊΩǎ ǎƛȊŜΣ ǇƻǎǘǳǊŜΣ ƻǊ 
mobility (knee space at a sink or cooktop) 

These design principles intend άǘƻ ǎƛƳǇƭƛŦȅ ƭƛŦŜ ŦƻǊ ŜǾŜǊȅƻƴŜ ōȅ ƳŀƪƛƴƎ ǘƘŜ ōǳƛƭǘ 
environment, products, and communications equally accessible, usable, and 
ǳƴŘŜǊǎǘŀƴŘŀōƭŜ ŀǘ ƭƛǘǘƭŜ ƻǊ ƴƻ ŜȄǘǊŀ ŎƻǎǘΦέ όbǳƭƭΣ нлмоΣ {Φ пύΦ 

 



ά/ǳǘǘƛƴƎ-Edge Digital Skills for Professional Caregivers 

of Persons with Disabilities and Mental Health Problemsέ 

  

 41 
. 

 

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

European Commission support for the production of this publication does not 

constitute an endorsement of the contents, which reflect the views only of the 

authors, and the Commission cannot be held responsible for any use which may be 

made of the information contained therein. 

 

Figure 8: Kitchen with ǎǳŦŦƛŎƛŜƴǘ ǎǇŀŎŜ ŦƻǊ ǿƘŜŜƭŎƘŀƛǊ ǳǎŜǊǎ ǳƴŘŜǊ ŎƻƻƪǘƻǇΦ 9ȄƘƛōƛǘƛƻƴ άIŜƭƭƻ CǊŜŜŘƻƳΗ 
¢ƻƎŜǘƘŜǊ ōŜȅƻƴŘ ōŀǊǊƛŜǊǎέΣ CǊŀƴƪŦǳǊǘ όtƛŎǘǳǊŜΥ YΦ wǳǇǇΣ CǊŀƴƪŦǳǊǘ ¦!{ύ 

 

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

¶ ά¢ƻ ǳƴŘŜǊǘake or promote research and development of universally designed 
goods, services, ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŦŀŎƛƭƛǘƛŜǎΣ όΧύΣ ǿƘƛŎƘ ǎƘƻǳƭŘ ǊŜǉǳƛǊŜ ǘƘŜ 
minimum possible adaptation and the least cost to meet the specific needs of a 
person with disabilities, to promote their availability and use, and to promote 
ǳƴƛǾŜǊǎŀƭ ŘŜǎƛƎƴ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎǘŀƴŘŀǊŘǎ ŀƴŘ ƎǳƛŘŜƭƛƴŜǎΦέ ό!ǊǘƛŎƭŜ пŦύ 

¶ ά¢ƻ ǇǊƻƳƻǘŜ ǘƘŜ ŘŜǎƛƎƴΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ 
accessible information and communications technologies and systems at an 
early stage, so that these technologies and systems become accessible at 
ƳƛƴƛƳǳƳ ŎƻǎǘΦέ ό!ǊǘƛŎƭŜ фƘύ 

 

1.10: Digital Health 
 

Vollmar et al. (2017) recognises the terms άdigital healthέ or άdigital health applicationsέ as the 
most comprehensive and inclusive, as all information and communication technologies from the 
health sector are included. For example, e-health, mobile health, telemedicine, big data or health 
apps. This definition illustrates the complexity of the concept. It is not limited to services or 
applications, but contains many other concepts:  

1.10.1 E-Health and M-Health 

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

M-Health is a component of e-health and primarily includes the use of wireless, i.e., mobile devices 
(such as mobile phones, tablets or wearables) in prevention and health care with the aim of patient-



ά/ǳǘǘƛƴƎ-Edge Digital Skills for Professional Caregivers 

of Persons with Disabilities and Mental Health Problemsέ 

  

 42 
. 

 

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

European Commission support for the production of this publication does not 

constitute an endorsement of the contents, which reflect the views only of the 

authors, and the Commission cannot be held responsible for any use which may be 

made of the information contained therein. 

centred care (Klein & Oswald, 2020). 

 

1.10.2 Health Apps 

These apps run on smartphones, smartwatches, tablets and PCs. They can also be linked to a variety 
of sensor-based 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. This data is also called Big Data. Artificial intelligence (AI) is often used to analyse Big Data 
with the help of algorithms (Klein & Oswald, 2020).   

There is a growing market for health apps: In August 2020 111,440 health and fitness apps and 
50,930 medical apps could be downloaded on Google Play (iTunes/Apple app store not available). 
The majority were developed for prevention (e.g., increasing movement, relaxation and improving 
nutrition) and self-management, with fewer being developed for therapy, diagnosis and in the 
management of illness (HealthOn Statistiken, 2021). 

 

1.10.3 Telemedicine, 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 (General practitioner's office, Hospitals) by 
means of information and communication technologies. These terms emphasize that the respective 
services are provided from a distance by means of new technologies. With the help of these 
technologies, better care can be provided in rural areas, e.g., via video-based 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 specific organizational requirements. 

 

1.11: Connection between the Different Concepts 
 

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 how the different 
terms interact: 
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Figure 9: 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 obvious or subconscious.  In the following sections, connections 
between those factors and user behaviour are described with the help of acceptance models. 

  

1.12.1 The Technology Acceptance Model (TAM) 

Technology Acceptance Models aim to predict behavioural intention to use technology. The most 
prominent and most used model (Claßen, 2013) is the Technology Acceptance Model (TAM) by 
Davis (1989).  

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

¶ Perceived usefulness, ǿƘƛŎƘ ƛǎ άǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀ ǇŜǊǎƻƴ ōŜƭƛŜǾŜǎ ǘƘŀǘ ǳǎƛƴƎ ŀ ǇŀǊǘƛŎǳƭŀǊ 
system would enhance his or her job performanceέ (Davis, 1989, p. 320) 

¶ Perceived ease of use which is άthe degree to which a person believes that using a particular 
system would be free of effortέ (Davis, 1989, p. 320) 
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Figure 10: Technology Acceptance Model (TAM) (Davis & Venkatesh, 1996, p. 20) 

 

This model was adapted several times and other factors were added that influence perceived 
usefulness and intention and therefore behaviour (Venkatesh & Davis, 2000): 

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

¶ Image: The influence on the social status in which the usage results  

¶ Job relevance: Degree iƴ ǿƘƛŎƘ ŀ ǎȅǎǘŜƳ ƛǎ ŀǇǇƭƛŎŀōƭŜ ǘƻ ŀ ǇŜǊǎƻƴΩǎ Ƨƻō 

¶ Output quality: How well the system performs 

¶ Result demonstrability: If the covariation between usage and positive results is discernible 

¶ Experience: The intention may change over a certain time of usage 

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

 

 

Figure 11: TAM2 (Venkatesh and Davis, 2000, p. 188) 
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1.12.2 The Unified 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 intention and usage behaviour are determined by four direct factors:  

- Performance eȄǇŜŎǘŀƴŎȅΥ άǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ōŜƭƛŜǾŜǎ ǘƘŀǘ ǳǎƛƴƎ ǘƘŜ ǎȅǎǘŜƳ 
ǿƛƭƭ ƘŜƭǇ ƘƛƳ ƻǊ ƘŜǊ ǘƻ ŀǘǘŀƛƴ Ǝŀƛƴǎ ƛƴ Ƨƻōέ όǇΦ пптύ 

- 9ŦŦƻǊǘ ŜȄǇŜŎǘŀƴŎȅΥ άǘƘŜ ŘŜƎǊŜŜ ƻŦ ŜŀǎŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ǎȅǎǘŜƳΦέ όǇΦ прлύ 

- {ƻŎƛŀƭ ƛƴŦƭǳŜƴŎŜΥ άǘƘŜ ŘŜƎǊŜŜ ǘƻ which an individual perceives that important others believe 
ƘŜ ƻǊ ǎƘŜ ǎƘƻǳƭŘ ǳǎŜ ǘƘŜ ƴŜǿ ǎȅǎǘŜƳΦέ όǇΦ прмύ 

- CŀŎƛƭƛǘŀǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΥ άǘƘŜ ŘŜƎǊŜŜ ǘƻ ǿƘƛŎƘ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ōŜƭƛŜǾŜǎ ǘƘŀǘ ŀƴ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ 
and technical infrastructure exists to support use of the ǎȅǎǘŜƳΦέ όǇΦ проύ 

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

 

Figure 12: The UTAUT (Venkatesh et al., 2003, p. 447) 

 

1.12.3 The Matching 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 

¶ the userΩǎ ƴŜŜŘǎ ŀƴŘ ƎƻŀƭǎΣ  

¶ potential barriers to optimal technology use,  

¶ areas to target for training for optimal use,  

¶ and the type of additional support that may enhance use  

are identified.  The MPT forms are also administered post AT acquisition to assess changes.  

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 Assessment (ATD PA) is administered. The ATD PA:  

¶ άƛƴǉǳƛǊŜǎ ƛƴǘƻ ŎƻƴǎǳƳŜǊǎΩ ǎǳōƧŜŎǘƛǾŜ ǎŀǘƛǎŦŀŎǘƛƻƴ ǿƛǘƘ ŎǳǊrent achievements in a variety of 
functional areas (9 items),   

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

¶ ǇǊƻŦƛƭŜǎ ŎƻƴǎǳƳŜǊǎΩ ǇǎȅŎƘƻǎƻŎƛŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ όоо ƛǘŜƳǎύΣ  

¶ ŀƴŘ ŀǎƪǎ ŦƻǊ ŎƻƴǎǳƳŜǊǎΩ ǾƛŜǿǎ ƻŦ ǘǿŜƭǾŜ ŀǎǇŜŎǘǎ ƻŦ ǳǎƛƴƎ ŀ ǇŀǊǘƛŎǳƭŀǊ ǘȅǇŜ ƻŦ ŀǎǎƛǎǘƛǾŜ 
devƛŎŜέ ό{ŎƘŜǊŜǊ ϧ /ǊŀŘŘƻŎƪΣ нллнΣ ǇΦ нύΦ 

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

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 potential users to 
the best of their abilities. Many aspects have to be taken in account here. The chapter presents 
ethical principles, possible issues and an instrument to provide a framework for facilitating 
decisions.  

 

1.13.1 Ethical Principles  

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

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

¶ Beneficence (ensuring that actions benefit others) ς Applications should be only on the 
benefit of the individual. 

¶ Non-maleficence (not causing harm) ς This also includes psychological or emotional harm, 
(e.g., when people are forced to use applications, they do not want or if they perceive 
themselves as disabled by using them). But non-maleficence can also mean not withholding 
an assistive product. 

¶ Fidelity (faithful, trustworthy, honest and loyal behaviour) ς People must be able to trust 
the device and have confidence in the human-machine-interaction. 

¶ Justice (fairness in individual, interpersonal, organizational and societal contexts) ς This 
may concern the question who is provided with which devices and services in a society. 

Cook also addresses the principles of utility, which can be seen as the requirement that a device 
provides useful functions for the user (Panico et al., 2020) and independence, which means 
maximum participation in society (Cook, 2009). 
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1.13.2 Ethical Issues in Health Care Technologies  

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

1. Implications for society and health care 

¶ Replacement and its implication for labor 

¶ Replacement and its implications for the quality of care: de-humanization and 
άŎƻƭŘέ ŎŀǊŜ όƭŜǎǎ ƘǳƳŀƴ ŎƻƴǘŀŎǘύ 

2. Implications of technology taking over task from humans 

¶ Autonomy (How autonomous should the technology operate?) 

¶ Role and tasks (Technology and human: who leads, who assists?) 

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

¶ Responsibility (Who is responsible, especially for autonomous systems?) 

¶ Deception (Is a potential deception e.g., through robots as social companions 
justifiable?) 

¶ Trust (To which amount can we trust the technology?) 

3. Issues concerning human users 

¶ Privacy and data protection 

¶ 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.  

 

1.13.3 The MEESTAR - A Model for the Ethical Evaluation of Socio-Technical Arrangements 

MEESTAR (Manzeschke et al., 2015) describes a Model for the Ethical Evaluation of Socio-Technical 
ARrangements and provides a framework to discuss and assess assistive technologies with respect 
to different ethical values and different perspectives (individual, organisational and social). It also 
covers practical, organisational issues such as obtaining informed consent.   

¶ The model contains seven ethical values (Examples for ethical related questions)  

o Care (Changes in the relationship?) 

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

o Safety (Any conflicts between privacy and safety or autonomy and safety?) 

o Justice (Who gets access? How is the technology financed?) 

o Privacy (Protection of cognitive impaired people?) 

o Participation (What participation for older people?) 

o Self-conception (Social constraints arising from the images of technically assisted 
age and aging?) 
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¶ Three perspectives have to be considered:  

o Individual level  

o Organisational level  

o Societal level  

¶ Stages to assess the technology: 

o Stage I: The use is harmless  

o Stage II: There is an ethical sensitivity  

o Stage III: The use is extremely sensitive and requires action  

o Stage IV: The use has to be rejected from an ethical point of view 

 

                                   Figure 13: The MEESTAR (based on Manzeschke et al., 2015) 

 

Example: Ethical Issues in EU-Project I-SUPPORTED BATH ROBOTS1 

A robot was designed to help people with functional declines to take a shower on their own. 
LƴǘŜǊǾƛŜǿǎ ŀƴŘ ŦƻŎǳǎ ƎǊƻǳǇǎ ǿŜǊŜ ƘŜƭŘ ǘƻ ŦƛƴŘ ƻǳǘ ǳǎŜǊΩǎ ƻǇƛƴƛƻƴǎ ǘƻǿŀǊŘǎ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΦ Results 
indicate different perspectives of primary and secondary users: 

¶ Primary users stress that they want to wash themselves independently and have choices 
according to their lifestyle preferences 

¶ Secondary users see the benefit ς and stress their contribution to the care process (promoting 
remaining resources, monitoring skin and health status, relationship work) 

Conflicting dimensions: autonomy and care, privacy and safety, justice and safety, choice and 

 
1 HORIZON 2020 PHC-19-2014; Research & Innovation Actions; Grant agreement n°: 643666 
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justice, human-robot-interaction and care. 

 

1.14: Data Protection in the EU 
 

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

In this regulation, i.e., in the Article 8(1) of the Charter of Fundamental Rights of the European 
Union όǘƘŜ Ψ/ƘŀǊǘŜǊΩύ and Article 16(1) of the Treaty 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 transparency 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 kept up to date; inaccurate data has to be erased  

5. Storage limitation: Data has to be kept in a way that identification is possible no longer than 
necessary 

6. Integrity and confidentiality: Data must be protected with appropriate technical or 
organisational measures 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: 

¶ Article 6 states when data processing is lawful, this is the case (e.g., if the data subject has 
given a consent).  

¶ 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 Articles 12-23.  

¶ Articles 24-43 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, normative and also accessibility standards if companies want to provide them. But usage and 
acceptance factors like usability or user-centred design also play an important role. Today, 
caregivers often do not feel involved in the development of digital technologies which could 
facilitate their working life (Daum, 2017). Technologies are mostly developed in labs where 
engineers work on technical challenges, ōǳǘ ǘƘŜ ǎƻƭǳǘƛƻƴ ŘƻŜǎ ƴƻǘ ŀƭǿŀȅǎ Ŧƛǘ ǘƘŜ ŎŀǊŜƎƛǾŜǊΩǎ ŎǳƭǘǳǊŜ 
and values (Merda et al., 2017).  

The principle is the same for users 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 
user-centred factors like simple menu structures, easily understandable terms or displays with good 
contrast and adjustable volume in the process of development and design.  

¢ƘŜ ǎŎƻǇŜ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǿƘŀǘ ƛǎ ǘŜŎƘƴƛŎŀƭƭȅ ŦŜŀǎƛōƭŜ ōǳǘ ǿƘŀǘ ƳŜŜǘǎ ǘƘŜ ǳǎŜǊǎΩ όǇǊƻŦŜǎǎƛƻƴŀƭǎΩ ŀƴŘ 
ŎƭƛŜƴǘǎΩύ ǊŜǉǳƛǊŜƳŜƴǘǎ όYǳƘƴ Ŝǘ ŀƭΦΣ нлмфύΦ ¢ƘŜǊŜŦƻǊŜΣ Participatory Design is considered to be the 
State-of-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 studies that involved users in various 
stages of the innovation process (Framework 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 that many studies only focus on one phase and not on the whole process (mostly 
focusing on phases 2 and 3) and that the participating users are often not equal partners who 
influence decisions. They recommend evaluating participatory design approaches for positive 
outcomes. This may lead to an increased willingness to use a device but may also result in the 
involved users feeling adequately integrated in the process. 

Another approach of involving broad networks of the general public in scientific research is called 
Citizen Science. It describes networks of collaborating people who provide data for researchers to 
develop new research questions and so also get a better understanding of scientific work. These 
collaborations lead to more democratic research (Socientize, 2015). 

 

1.16: Current and Future 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). Applications like speech 
recognition and read aloud functions help people with vision impairments, auto correction supports 
people with difficulties in writing. For a lot of situations, a smartphone or a tablet can replace a 
specific assistive product (Klein, 2020).  

Apps for Augmentative and Alternative Communication (ACC) can be used via a tablet; a specific 
talker is not needed then. Video chats can help people with hearing impairments to communicate 
in sign language and messenger services can be used communicate in written language for 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 products 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 especially 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 3D printer (Klein, 2020). This could offer new possibilities of individualization.  

 

Topic 2: Smart Home 

 

2.1: Introduction 
 

ά{ƳŀǊǘ IƻƳŜǎ Ŏŀƴ ǇǊƻǾŜ Ŏƻǎǘ-effective in aiding the elderly and disabled to remain in the home for 

longer in a non-obtrusive way. This can allow greater independence and quality of life while 

reducing the chance of social-ƛǎƻƭŀǘƛƻƴέ ό.ŜƴƴŜǘ Ŝǘ ŀƭΦΣ нлмтΣ ǇΦ нύΦ  

Smart home is a considerably old term, first introduced in 1984. The first ideas of augmenting the 

home with technology are even older, having been established in the 1970s with the development 

of the first microprocessors (Bennet et al., 2017).  

Smart home technologies cover a wide range of different services. Generally speaking, smart home 

products offer comfort, security or health-related solutions in the home environment.  In the 

following section the main focus will be on healthcare-related smart home technologies. Since 

other categories of smart home, such as general domestic appliances, also offer assistance that can 

be helpful for elderly persons and people with disabilities, these will also be covered. 

Due to its fast-evolving nature, smart home technologies are difficult to consistently define, but 

they promise considerable advantages over their non-smart counterparts. In the following section, 

ǘƘŜ ǘŜǊƳ άǎƳŀǊǘ ƘƻƳŜέ and the structure of the technology will be explained. Examples of smart 

home use for supporting people with disabilities or functional decline will be provided, alongside 

the benefits and concerns of smart home technologies. 

 

2.2: Definitions 
 

¢ƘŜ ǘŜǊƳǎ ά{ƳŀǊǘ IƻƳŜέ ŀƴŘ ǘƘŜ ŎƻƴƴŜŎǘŜŘ ǇƘŜƴƻƳŜƴƻƴ άLƴǘŜǊƴŜǘ ƻŦ ¢ƘƛƴƎǎέ ŀǊŜ ŘŜǎŎǊƛōŜŘ 

below: 

 

2.2.1 Smart Home 

±ŀǊƛƻǳǎ ŘŜŦƛƴƛǘƛƻƴǎ ŜȄƛǎǘ ŦƻǊ ǘƘŜ ǘŜǊƳ άǎƳŀǊǘ ƘƻƳŜέΣ ǎƻƳŜ ŦƻŎǳǎƛƴƎ ƻƴ ǘŜŎƘƴƛŎŀƭ ŎƻƳǇƻƴŜƴǘǎΣ 

others on functionalities or services. The following two definitions give a broad overview:  

!ƭŘǊƛŎƘ όнллоύ ŘŜǎŎǊƛōŜŘ ŀ ǎƳŀǊǘ ƘƻƳŜ ŀǎ άŀ ǊŜǎƛŘŜƴŎŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŎƻƳputing and information 

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 world beyƻƴŘέ ό!ƭŘǊƛŎƘ нллоΣ ǇΦ мтύΦ 

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". The 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 

ƛƳǇƭƛŎŀǘƛƻƴǎΦ .ǊŜƴŘŜƭ ŀƭǎƻ ŜƳǇƘŀǎƛǎŜǎ ǘƘŜ ǎǘǊƻƴƎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άǘƘŜ LƴǘŜǊƴŜǘ ƻŦ 

¢ƘƛƴƎǎέ όLƻ¢ύΦ 

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

or excluded. For example, telecare can be included or excluded depending on the given definition 

(e.g., Tang & Venables, 2000; Valero, 2007). 

 

2.2.2 Internet of Things 

The phenomena Internet of Things (IoT) describes the concept that things like sensors and mobile 

ǇƘƻƴŜǎ άƛƴǘŜǊŀŎǘ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊ ŀƴŘ ŎƻƻǇŜǊŀǘŜ ǿƛǘƘ ǘƘŜƛǊ ƴŜƛƎƘōƻǳǊǎ ǘƻ ǊŜŀŎƘ ŎƻƳƳƻƴ Ǝƻŀƭǎέ 

(Atzori et al., 2010, p. 2787). This offers huge potential e.g., for the health care and smart 

environment domain. 

According to Atzori et al. (2010) benefits from IoT technologies are: 

¶ Tracking: identification of a moving person or object  

¶ Identification and authentication: to reduce incidents through mismatching and for security 

procedures  

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

processing auditing  

¶ Sensing: Sensor devices provide real time information, e.g., ƻƴ ǇŜƻǇƭŜΩǎ ƘŜŀƭǘƘ ŀƴŘ ǘƘǳǎ 

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 the daytime or to avoid accidents with monitoring and alarm systems 

(Atzori et al., 2010). 

 

2.3: Building Automation 
 

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 taken into account 

when planning and equipping the building. In the following, the modes of operation of building 

automation are presented in a simplified manner. 

Figure 14 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 and internet. In a smart home, 

they are controlled with the help of ŀ ǎƻ ŎŀƭƭŜŘ ΨBUS systemsΩ that interlinks the components 

(Aschendorf, 2014). 

The building automation then contains sensors and actuators. Sensors collect data by measuring 

specific conditions, e.g., the temperature. Via the BUS system this data is sent to the actuators, 

where various processes and functions are carried out, and e.g., the heating is turned down 
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(Aschendorf, 2014). This data can also be directly sent from the control and regulation level if the 

function is programmed (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 the lighting in 

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 functions 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 controlled via an app from anywhere, including outside the home (Aschendorf, 

2014).   

 

 

Figure 14: The different levels of building automation (based on Wisser, 2018) 

 

 

нΦпΥ [ŜǾŜƭǎ ƻŦ άSƳŀǊǘƴŜǎǎέ 
 

¢ƘŜ ǘǊŀƴǎƛǘƛƻƴ ŦǊƻƳ ŀƴ άƻǊŘƛƴŀǊȅέ ǘƻ ŀ άǎƳŀǊǘ ƘƻƳŜέ ƛǎ ŘŜǎŎǊƛōŜŘ ƛƴ р ƭŜǾŜƭǎ ōȅ {ƻǾŀŎƻƻƭ ŀƴŘ 

Furszyfer Del Rio (2020): 
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Figure 15: Smart Home - Levels of smartness (adopted from Sovacool & Furszyfer Del Rio, 2020, p. 7) 

 

On the basic level, the home is completely analogue without any smart technology. On the first 

level, some isolated smart technologies, such as a smart TV, are implemented which then become 

bundled and programmable on the second level (e.g., the TV is coupled with a laptop). 

On the 3rd level, greater automation occurs, the systems begin to interconnect and anticipate 

certain needs. On this level, appliances are turned on shortly before the user returns home. At level 

4, systems 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 automatically will meet 

and anticipates all household needs.  

A 6th level is discussed where intuitive or sentient smart homes become interconnected in smart 

neighborhoods, communities, and cities (Sovacool & Furszyfer Del Rio, 2020). 

 

2.5: Smart Devices 
 

Smart devices, also called smart home products or smart technology, are everyday objects 

upgraded with information technology that receive added value through sensor-supported 

information processing and communication (Lackes & Siepermann, 2018). Main characteristic of 

smart technology is to appropriately react to information collected from the surroundings (Chan et 

al., 2008).  

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

categories:  

¶ Controlling Systems: Products like base stations, systems that only control the Smart 

Home (tablet/smartphone and apps) 
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¶ Security Systems: Lock systems, surveillance cameras and similar devices  

¶ Safety Systems: Products to detect and avoid threats to life or physical condition, e.g., 

detection of gas or water leaks and smoke detectors. 

¶ eHealth Systems: Devices for medical inspection and medical assistance  

¶ Measurement and Sensors: Water meter, electric meter etc. 

¶ Heating, Ventilation and Air-conditioning: Systems to regulate room temperature and air 

ventilation like thermostats, climate control units or ventilator 

¶ Light and Shadow: Devices emitting or preventing light, like lamps, awning and roller blind 

¶ Kitchen Devices: Products like cooker, refrigerator and coffee maker 

¶ Water Systems: Tap, bath tube and toilet as well as lawn sprinkler  

¶ Cleaning Systems: Systems to clean up, like washer, dishwasher, but also robots for 

vacuum-cleaning 

¶ e-Pet Systems: This category consists of every device around pets or animals. This can be a 

necklace for locating, a robot to stroke or an automated feeding system. 

¶ Entertainment: Audio systems, television, gaming consoles, toy robots  

¶ Pieces of Furniture: Seating and sleeping accommodation like massage giving mattresses, 

as well as desks, closets 

¶ Agility Devices: Devices for transporting persons, like cars, bicycle and bicycle gadgets 

¶ Others  

 

 

2.6: Smart Home Technology and AAL 
 

! ŎƻƴŎŜǇǘ ǘƘŀǘ ƛǎ ǎǘǊƻƴƎƭȅ ǊŜƭŀǘŜŘ ǘƻ ǎƳŀǊǘ ƘƻƳŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ ά!ƳōƛŜƴǘκ!ŎǘƛǾŜ !ǎǎƛǎǘŜŘ [ƛǾƛƴƎέ 

(AAL, see chapter 1.7). The term AAL is defined as concepts, products and services combining new 

technologies and the social environment and improving these with the aim of enhancing the quality 

of life for people at all stages of life (DIN SPEC 91280, p. 5). The focus is on helping people to remain 

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

home technologies 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, smart home technologies focus on:  

¶ Entertainment & lifestyle 

¶ Work and communication (e.g., Home office) 

¶ Sustainable housekeeping trough energy-saving heating and light control 

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

¶ Health and nutrition (BITKOM, 2011). 

But the devices are also often useful for people in old age or with disabilities, such as smart speakers 

being useful to compensate restricted mobility. So, 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; Sanchez-Comas 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: Smart Devices in the AAL Field 
 

Smart devices can support people in old age or with disabilities living in their home environment 

ŀƴŘ ǊŜƭƛŜǾŜ ŎŀǊŜƎƛǾŜǊǎ ǘƘǊƻǳƎƘ ǎȅǎǘŜƳǎ ǘƘŀǘ ǊŀƛǎŜ ǇŜƻǇƭŜΩǎ ŀǳǘƻƴƻƳȅ ŀƴŘ ǿŀǊƴ ƻŦ ŘŀƴƎŜǊ ό²ƛǎǎŜǊΣ 

2018). These are especially systems for environmental control and healthcare specific devices. 

 

2.7.1 Smart Devices for Environmental Control 

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: 

¶ Immobility: Automatic door-opening, sensor-based products for heating, shutter opening, 

and lighting, smart speakers or remote control to avoid walking to switch on and off things, 

electronic beds or armchairs, fall detectors 

¶ Vision impairment: Voice command to control everyday-actions (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  

¶ Hearing loss: Vibration alarm from the door or the smoke detector to a wearable device 

¶ Cognition: Drug reminder systems, smart home sensors that recognize deviations and 

initiate an alarm call, house emergency system, automatic cooker switch-off 

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

{ŜǾŜǊŀƭ ŎƻƳƳŜǊŎƛŀƭ ǇǊƻǾƛŘŜǊǎ ƻŦŦŜǊ ǎǇŜŎƛŀƭ άǎƳŀǊǘ ǎǇŜŀƪŜǊǎέ ƭƛƪŜ ǘƘŜ !ƳŀȊƻƴ 9ŎƘƻΣ ǘƘŜ DƻƻƎƭŜ 

Home or the Apple HomePod. These devices provide the possibility to control 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 calendars or shopping lists, as well as search the web or order items (Bentley 

et al., 2018; Noda, 2017).  

While many functions help to improve quality of life, some functions also directly apply to improve 

health conditions like asking for the nearest on-duty pharmacy, making an emergency call or using 

a reminder for medication.  

Particularly for people with restricted mobility or restricted vision the voice control can contribute 

to a barrier-free environment, making living at home more autonomous and reducing the burden 

of demanding help from others (Noda, 2017).  

Disadvantages of smart speakers can be data security risks, see chapter 2.11. 
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2.7.2 Healthcare-specific Smart Devices  

Smart home devices of this category are developed in order to provide solutions for 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 can use devices to measure their vital signs (e.g., pulse rate, blood 

pressure, respiratory rate) or other parameters (e.g., weight, blood sugar) with smart devices (e.g., 

wearable, smart scales, smart blood glucose measure) which send the data to a platform, (e.g., on 

a smartphone). People 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 goal is realised 

by measuring actions within determined periods 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 the flat in order to measure/track daily home routines.  

For example, accidents at home are often related to slipping, tripping or falling. In some cases, these 

accidents lead to situations, in which people (for instance elderly 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, users of home emergency systems can push the emergency button to initiate 

an emergency call or the 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 unperceived whenever accidents occur and therefore provide support for 

autonomous living in old age, with disabilities or with diseases. By doing so, the emergency system 

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

accidents.   

 

2.7.3 Generations of Smart Devices: Example Telecare 

Smart home technologies became more innovative over time. A good example of this progression 

is in telecare (Klein et al., 2013):  
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Figure 16: 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 

centre in the case of an emergency. The call operator in the telecare centre and the service user 

can talk to each other and decide on appropriate action. 

¶ The alarm has to be triggered actively 

¶ Base station in private home connected to the telephone network 

¶ Base station has hands-free system with loudspeaker and microphone 

¶ Service user must carry a small transmitter with push 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 

{ŜƴǎƻǊǎ άǊŜŎƻƎƴƛȊŜέ an emergency (e.g., smoke) and trigger an alarm to the telecare centre. No 

action is needed by the older person. 

¶ Alarms are triggered when specific thresholds are met and ŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ǎŜƴǎƻǊΩǎ ǘȅǇŜ 

that can be later translated accordingly to a specific event. 
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¶ Some of these sensors originate from security technologies (e.g., heat sensors, water or 

smoke detectors) 

¶ Sensors used for health-related topics such as fall prevention (e.g., accelerometer, locations 

sensors, fall mats or bracelets) 

o Epilepsy sensors can be integrated into the bed and trigger 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. 

¶ Movement or magnetic contact detectors are installed in the apartment, which can 

measure activity events.  

o Activity is automatically registered when a person passes by. Only when the user's 

daily activities differ from the defined settings, an alarm is triggered 

o The same applies to a contact detector at the refrigerator or the bathroom door 

¶ New range of devices due to Internet of Things (IoT) allow more possibilities to define 

emergencies (e.g., Wearable device with IMU (Inertial Measurement Unit) and a button 

with WiFi and BLE (Bluetooth Low Energy) connectivity) 

 

4. Generation: Web-based communication platforms 

A web-based platform allows personal alarms, web pages and apps, smart home technologies and 

other technologies to 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.  

¶ Already commercially available products are telepresence robots for the integration in the 

telecare process  

 

2.7.4 Control of Smart Home Devices  

The operation of smart home environments can be difficult for inexperienced users (Eberhard, 

2020):  

¶ Simple switches can not only switch something on and off or move it up and down, but 

may trigger something different with a single click than with a double or triple click. A 

short press may mean something different than a long press. 

¶ Symbols on switches have to be understood and small font sizes be read 
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¶ On tablets or monitors, colour contrasts and font sizes cannot always be changed which 

may be difficult with vision decline  

¶ The use of a touchpad can be difficult with dry fingers, which often pose a problem to 

elderly 

¶ Control via voice command may 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 

involved in the health and social care sector (Eberhardt, 2020).  

 

2.8: Acquisition of Smart Home Technologies 

 

If a client is interested in obtaining smart home technologies, there are two ways of financing. If 

the device is classified as an assistive medical device, it can be funded partly or fully by insurance 

or state programmes (Peckham, 2018). Otherwise, the customer can purchase the device privately. 

 

Funded by insurance or state programmes 

The financing of assistive devices differs widely within the states of the European 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 

άdo-it-yourselfέ option (OECD, 2018).  

Packages of smart home service providers (also called multiple system operators) contain 

assortments of complementary devices (e.g., smart lock + doorbell). Along with providing smart 

home packages those companies also undertake the installation and continuous support. 

Consumers pay fully or partly for the acquirement of the packages and/or a subscription fee over 

the contract duration (OECD, 2018).  

Otherwise, consumers can choose the άdo-it-yourselfέ option. Then, they select a smart home 

technology from a manufacturer or retailer and install it on their own. Similar to the first option, in 

some cases a subscription fee has to be paid in order to receive associated functions (OECD, 2018). 

Aside from that, there are instances in which options are mixed (e.g., a package subscription and 

payment of related devices) (OECD, 2018).  

Neither one of these options can be considered appropriate without taking into account the unique 

situation. As many smart home devices are cost-intensive, a subscription may enable an early 

acquirement but commit the client to a specific company. This can prove to be a disadvantage in 

some cases, when a better device of another company appears on the market. Also due to the rapid 

development of smart home technology, devices and services may become outdated relatively fast. 
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On this basis, purchasing of a device may turn out to be a money saver, or it could be a bad 

investment.  

 

2.9: Benefits 
 

Smart hoƳŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ŀŎǘƛǾŜ ŀŎǘƛƻƴǎ ŦǊƻƳ ǘƘŜƛǊ ǳǎŜǊǎ ό9ōŜǊƘŀǊŘǘΣ нлнлύΣ ŀƴŘ 

therefore seamlessly integrate into everyday routines. If intendedly working, devices like fall 

ǎŜƴǎƻǊǎ ƻƴƭȅ ŜƳŜǊƎŜ ǿƛǘƘƛƴ ǘƘŜ ǳǎŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ǿƘŜƴ ƴŜŜŘŜŘΦ ¢Ƙƛǎ Ŏŀƴ ǊŜǎǳlt in an efficient home 

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 

ŀƴŘ ŀǾŀƛƭŀōƛƭƛǘȅΣ ŀǎ ǿŜƭƭ ŀǎ ǳǎŜǊǎΩ ǎŀŦŜǘȅΣ ƭŜŀŘƛƴƎ ǘƻ ƘƛƎƘŜǊ ǉǳŀƭƛǘȅ health care (Marikyan et al., 2019). 

Because of their connectivity, smart home technologies can increase reliability of their services, 

thus enriching user experience. By connecting the user to the outside world smart home may also 

improve socialization and 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 elderly people, 

enabling an alert when health inconsistencies occur (Czaja, 2016). This is especially useful for elderly 

people, people with disabilities or people with chronic diseases. Within these populations, smart 

home technologies contribute to a better health assessment. They improve quality and quantity of 

ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ Ŏŀƴ ōŜ ǳǘƛƭƛȊŜŘ ōȅ ŀ ŎƭƛƴƛŎƛŀƴ ό/Ƙŀƴ Ŝǘ ŀƭΦΣ нллфύΦ άaŜŀǎǳǊŜǎ ƻŦ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǎƛƎƴǎ 

and behavioural patterns can be translated into accurate predictors of health risk, even at an early 

stage, and can be combined with alarm-triggering systems as a technical platform to initiate 

ŀǇǇǊƻǇǊƛŀǘŜ ŀŎǘƛƻƴέ ό/Ƙŀƴ Ŝǘ ŀƭΦΣ нллфΣ p. 93). 

With regards to possible users, many target groups can benefit from smart home technologies.  

Chan et al. (2009) see the following groups as relevant:  

¶ People living alone who are unable to seek help in emergencies (unconsciousness, falls, 

strokes, myocardial infarction, etc.) 

¶ Elderly or disabled people who suffer from cognitive (Alzheimer disease, dementia, etc.) 

and/or physical (visual, hearing, mobility, speech, etc.) impairment 

¶ 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) 

¶ Informal (family, friends, neighbor people) or formal (care provider) caregivers for the 

elderly or the handicapped 

¶ People living in rural and remote communities or in urban communities with inadequate 

health service provision 

¶ People who suffer from chronic disease, and who need continuous monitoring (diabetes, 

cancer, cardiovascular disease, asthma, COPD, etc.) 

¶ People involved in telehealth care undertaking health care at a distance or telemedicine, 

ǿƛǘƘ ǇƘȅǎƛŎƛŀƴǎ ǇǊŀŎǘƛŎƛƴƎ ΨǾƛǊǘǳŀƭ ǾƛǎƛǘǎΩ (Chan et al. 2009,  p. 93). 
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2.10: Statistics on Smart Home 
 

According to latest estimations, smart home revenue in Europe is predicted to increase sharply over 

the next few years. It is suggested that revenues could more than quadruplicate between 2017 and 

2025 (from 9.7 million to 39.8 million), which indicates a high growth of the user rate, as well as 

growing interest in smart home technology (Statista, 2020).  

Regarding the different sectors, no change of order is expected. While every sector will increase 

ǘƘŜƛǊ ǊŜǾŜƴǳŜΣ Ψ{ƳŀǊǘ !ǇǇƭƛŀƴŎŜǎΩΣ Ψ/ƻƴǘǊƻƭ ŀƴŘ /ƻƴƴŜŎǘƛǾƛǘȅΩ ŀƴŘ Ψ{ŜŎǳǊƛǘȅΩ ǿƛƭƭ ƪŜŜǇ ƻƴ ŦƻǊƳƛƴƎ an 

ƛƴǘŜƎǊŀƭ ǇŀǊǘ ƻŦ ǎƳŀǊǘ ƘƻƳŜ ǊŜǾŜƴǳŜΦ  /ǊŜŀǘƛƴƎ ŀōƻǳǘ ǘǿƻ ǘƘƛǊŘǎ ƻŦ ǎƳŀǊǘ ƘƻƳŜ ǊŜǾŜƴǳŜΣ ΨIƻƳŜ 

9ƴǘŜǊǘŀƛƴƳŜƴǘΩΣ Ψ9ƴŜǊƎȅ aŀƴŀƎŜƳŜƴǘΩΣ ŀƴŘ Ψ/ƻƳŦƻǊǘ ŀƴŘ [ƛƎƘǘƛƴƎΩ ǘƻƎŜǘƘŜǊ ƳŀƪŜ ǳǇ ǘƘŜ ǊŜƳŀƛƴƛƴƎ 

third of smart home revenue (Statista, 2020).  

The Smart Home Consumer Survey 2018 conducted by Deloitte provides an additional overview in 

regard to smart home usage for Germany. In this study, Deloitte analyzed the results of an online 

survey conducted with 2000 German smart home users between the age of 19 and 75 (Deloitte, 

2018).  

The results from the study about interest in smart home solutions (Figure 17) reflect that, even 

though smart home products can be of good use in healthcare, the actual users tend to be more 

interested in products that provide solutions for home comfort or security, rather than healthcare 

(Deloitte, 2018).  

In any of these categories, at least 20% of the participants were planning to buy an associated 

product in the next year (Deloitte, 2018). Even if these buying intentions may not be realized, it 

reveals a strong urge to owning smart home products.  

 

 

Figure 17: Interest in smart home solutions (adopted from Deloitte, 2018) 

 

Around 20% of the respondents between age 19 and age 54 use smart home products (Figure 18). 

Within the two older age groups the usage decreases (Deloitte, 2018). In this sample only 14% of 
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people between 55-54 and 9% of people over 65 years use smart home devices. Despite the 

promising benefits of smart home technology for the 65+ group, smart home devices are not yet 

accordingly used by them. This might be the cause for the underrepresentation of healthcare 

appliances.  

 

 

Figure 18: Smart home usage by age groups (adopted from Deloitte, 2018) 

 

There is a strong relation 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 too expensive relative to their efficiency (see figure 19). 

 

 

Figure 19: Smart home consumer survey (adopted from Deloitte, 2018) 
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While it is expected that the cost of smart home devices will decrease over time, this issue should 

not be ignored with regard to healthcare. After all, high costs could further increase inequality and 

prevent equal access to smart home if the costs are not adequately covered by the state or 

insurance.  

Taking into account the results of the Deloitte study, health-related smart home devices so far have 

a relatively low impact on the target groups compared to their theoretical potential, especially 

among older people.  

 

2.11: Ethical & Legal Concerns 
 

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 care services but related to all target groups 

of smart home usage. Chung et al. outline seven key dimensions: 

1. Privacy  

2. Informed consent  

3. Autonomy  

4. Obstructiveness 

5. Equal access 

6. Reduction in human contact  

7. Usability (Chung et al., 2016, p. 155) 

 

2.11.1 Privacy  

By capturing data in the home environment, smart home technologies promise to improve 

functional health, quality of life, security and safety. But by doing so, smart home is collecting 

ǇǊƛǾŀǘŜ ŘŀǘŀΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ŎǊŜŀǘŜǎ ŀ Ǌƛǎƪ ƻŦ ǾƛƻƭŀǘƛƴƎ ǘƘŜ ǳǎŜǊΩs privacy in two ways:  

¶ .ȅ ǎƘŀǊƛƴƎ ǳǎŜǊǎΩ information without permission 

¶ .ȅ ŀŎǉǳƛǊƛƴƎ ǳǎŜǊǎΩ ƛƴŦƻǊƳŀǘƛƻƴ ŀƎŀƛƴǎǘ ǘƘŜƛǊ ǿƛƭƭ ό/ƘǳƴƎ Ŝǘ ŀƭΦΣ нллмΤ [Ŝƛƴƻ-Kilpi et al., 

2001) 

 

2.11.2 Informed Consent  

Generally, the transmission of data itself can be precisely monitored. Additionally, the authorization 

of data access can be determined. It is important that monitored users understand the 

functionality, trust in smart home appliances and know who is included in the processes (informed 

family members and services providers) in order to give their necessary consent (informed consent) 

(Eberhardt, 2020). Only with understanding of the functionalities and processes, are users in a 

position where they can make informed decisions (Chung et al., 2016). 
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2.11.3 Autonomy 

Even though smart home technologies are supposed to expand the autonomy of the user, there is 

paradoxically, a risk that 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. (2016) also discuss the fear of becoming too dependent on smart home technologies. 

 

2.11.4 Obstructiveness  

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, malfunction or inaccurate measurement (Chung et 

al., 2016). 

 

2.11.5 Equal Access  

Referring to the digital divide2 Chung et al. (2016) stress the importance of equal access. For 

example, older adults living in a rural or urban under-resourced area are more likely to 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 by insurance companies and thus represent a barrier for those who cannot afford the 

expenditures themselves (Chung et al., 2016). 

 

2.11.6 Reduction in Human Contact 

Another concern is that smart home technologies could replace face-to-face contact with digital 

alternatives (e. g. virtual visits or remote monitoring). With the aim of reducing costs, the use of 

digital communication devices could lead to a reduction or loss of human contact, thus discouraging 

users from human touch and therapeutic interactions with caregivers or clinicians (Chung et al., 

2016). 

 

2.11.7 Usability  

According to Chung et al. (2016) the usability of smart home technologies has so far not been fully 

addressed. Smart home designs often do not meet the needs of older adults and do not take into 

consideration age-related constraints and lack of experience. For example, even switching on and 

off devices can be problematic for people with loss of vision or mobility limitations. 

 
2 ά[G]ap 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, income, education, community type, 
ŘƛǎŀōƛƭƛǘȅΣ ƻǊ ƻǘƘŜǊ ŦŀŎǘƻǊǎέ ό/ƘǳƴƎ Ŝǘ ŀƭΦ нлмсΣ ǇΦ мтпύ 
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2.11.8 Legal Concerns  

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 concerning received smart home products (Marikyan et al., 

2019).  

With regard to the concerns caused by the relative novelty of smart home technologies, the OECD 

(Organization for Economic Co-operation and Development) outlines the following risks:  

¶ Hybrid nature of products: Products that combine hardware that consumers own and software 

used under license may change traditional notions of ownership. 

¶ Lack of interoperability: The incompatibility of connected devices and systems, whether they 

result from market conditions, design differences or contractual restrictions, may create 

consumer lock-in. 

¶ Ubiquitous data collection: The collection of vast, untargeted data from smart devices can 

create privacy risks. 

¶ Security vulnerabilities: The connected nature of the products and the need for updating can 

create additional security vulnerabilities that can be exploited by malicious actors and have 

physical as well as virtual consequences. 

¶ Aftermarket support requirements: The lack of aftermarket support can challenge the usability, 

safety and security of a smart home device or ecosystem. 

¶ 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 consuƳŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ƻōǘŀƛƴ ǊŜŘǊŜǎǎ ƻǊ ŘŜǘŜǊƳƛƴŜ ƭƛŀōƛƭƛǘȅ ƛŦ ǎƻƳŜǘƘƛƴƎ ƎƻŜǎ 

wrong (OECD 2018, p. 16). 

 

2.12: Perspectives 
 

This chapter gave an insight into smart home technologies and their benefits and concerns for 

healthcare-related purposes. As shown here, smart home technologies can be applied to various 

ŎƻƴǘŜȄǘǎ ŀƴŘ ŀǊŜ ŀƭǊŜŀŘȅ ǳǎŜŘ ƛƴ Ƴŀƴȅ ƘƻǳǎŜƘƻƭŘǎΦ 9ǎǇŜŎƛŀƭƭȅ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘƛŜǎ ΨŜƴǾƛǊƻƴmental 

ŎƻƴǘǊƻƭΩ ŀƴŘ ΨŜƳŜǊƎŜƴŎȅ ƳƻƴƛǘƻǊƛƴƎΩ ŀǊŜ ǳǎŜŦǳƭ ŦƻǊ ǇŜƻǇƭŜ ƛƴ ƻƭŘ ŀƎŜ and with disabilities. Tracking 

health data like vital signs or other specific parameters can help people with chronic diseases to 

better manage their wellbeing. The impact on social health and social interaction has to be further 

investigated.  

As with every data driven technology, smart home technology is most effective when being 

provided with as much user information as possible. This raises concerns about how much 

information can and should be revealed. On one hand, smart home technologies can improve 

healthcare support at home. On the other hand, the home is a private environment that is that is 

particularly sensitive to monitoring and control. As with all digital technologies, it is important that 

the user understands the functionalities and has the opportunity to make an informed decision.  
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Topic 3: Robotics in the Health and Social Care System 
 

3.1: Introduction 
 

As the proportion of older residents in European countries 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 sector, the gap 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 developments enter the 

field with some delay because activities with humans are not standardized and many ethical, data 

safety and security aspects have to be taken into account. But in some fields, robotic systems have 

entered the market or are in development. In the following 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 the difficulties in the dissemination of robotic systems and an outlook is given on aspects 

that could spread the use of robotics in the health and social sector. 

 

3.2: Definitions 
 

For the field of robotic systems in the health and social care system, some definitions are essential. 

Therefore, in the following section, some terms are defined according to the ISO 13482 norm (ISO 

13484:2014, p. 3): 

A robot ƛǎ ŀƴ άŀŎǘǳŀǘŜŘ ƳŜŎƘŀƴƛǎƳ programmable in two or more axes with a degree of autonomy 

moving within its envƛǊƻƴƳŜƴǘΣ ǘƻ ǇŜǊŦƻǊƳ ƛƴǘŜƴŘŜŘ ǘŀǎƪǎέΣ ǿƘŜǊŜōȅ autonomy ƳŜŀƴǎ άǘƘŜ ŀōƛƭƛǘȅ 

ǘƻ ǇŜǊŦƻǊƳ ƛƴǘŜƴŘŜŘ ǘŀǎƪǎ ōŀǎŜŘ ƻƴ ŀ ŎǳǊǊŜƴǘ ǎǘŀǘŜ ŀƴŘ ǎŜƴǎƛƴƎΣ ǿƛǘƘƻǳǘ ƘǳƳŀƴ ƛƴǘŜǊǾŜƴǘƛƻƴέΦ  

A service robot ƛǎ ŀ άǊƻōƻǘ ǘƘŀǘ ǇŜǊŦƻǊƳǎ ǳǎŜŦǳƭ ǘŀǎƪǎ ŦƻǊ ƘǳƳŀƴǎ ƻǊ ŜǉǳƛǇƳŜƴǘ ŜȄŎƭǳŘƛƴƎ industrial 

ŀǳǘƻƳŀǘƛƻƴ ŀǇǇƭƛŎŀǘƛƻƴέΦ  

A robotic device ƛǎ ŀƴ άŀŎǘǳŀǘŜŘ ƳŜŎƘŀƴƛǎƳ ŦǳƭŦƛƭƭƛƴƎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŀƴ ƛƴŘǳǎǘǊƛŀƭ Ǌƻōƻǘ ƻǊ ŀ 

service robot, but lacking either the number of programmŀōƭŜ ŀȄŜǎ ƻǊ ǘƘŜ ŘŜƎǊŜŜ ƻŦ ŀǳǘƻƴƻƳȅέΦ  

A mobile robot ƛǎ ŀ άǊƻōƻǘ ŀōƭŜ ǘƻ ǘǊŀǾŜƭ ǳƴŘŜǊ ƛǘǎ ƻǿƴ ŎƻƴǘǊƻƭέΦ 

 

3.3: Fields of Application for Robotics in the Health and Social Care Sector 
 

To provide a classification for robotic systems in the health and social care sector Klein et al. (2018) 

propose to structure them according to their application in: 

¶ Robotics for rehabilitation 

¶ Robotics to support caregivers and other staff 
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¶ Robotics for support at home 

Becker et al. (2013) also structure robotic systems in three categories: 

¶ Training devices and aids for movement performance, mobility and independence - they 

train and support movements and activities. 

¶ Telepresence and assistive robotics replace the presence of a person (e.g., caregiver, 

therapist) or support the user in activities 

¶ Social-interactive robots 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 not included in this unit because it is not relevant to most of the staff in the social and 

health care sector. 

The following figure shows an overview about robotic systems according to the classification of 

Klein et al. (2018). The individual areas are described thereafter. 

 

 

Figure 20: Application fields of robotic systems in the health care sector 
(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 paralysis of extremities as they occur in 

paraplegia, after stroke or traumatic brain injury. They can promote a higher number of repetitions 

in gait or arm exercises, which benefits the rehabilitation process. They also enable objective 

measurements of progress in therapy and automatic documentation on the monitor (Daum, 2017). 

Robotic systems can support physical or occupational therapists in two ways:  They facilitate 

physically heavy work and they offer the possibility to intensify the treatment if people can exercise 

on their own with little support (Klein et al, 2018).  

 

3.4.1 Body-worn Systems (Exoskeletons) 

Exoskeletons are exterior skeletons with servomotors that are worn like a suit (Becker at al., 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 haptic or sensor-based 

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 et al., 2014). 

  

             

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Exoskeletons to support gait training (Pictures: Fondazione Santa Lucia) 

 

Apart from rehabilitation, exoskeletons are 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 and Mobile Training Equipment 

Robotic training equipment to practice repetitive movements can also be inpatient in rehabilitation 

institutions. They can support neuro-muscular training of the upper or lower extremities. Modes 

can be active or passive. In the active 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 trainers are becoming more common. They consist of a belt 

system which reduces the body weight while walking (e.g., on a treadmill) and so help the individual 

to concentrate on the movement pattern. These inpatient systems also analyse the training units 

and help to evaluate the 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). 

 

 

 

 

     Figure 22: 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 rehabilitation, this can help to increase self-

confidence and prevent falls (Klein et al., 2018).  

 

Advantages of robotic training systems for physical rehabilitation 

¶ The devices enable intensive therapies, longer exercise periods, good control of 

environmental requirements (Hidler et al., 2008) 

¶ Greater accuracy in practice and greater treatment effectiveness (Roy et al., 2009; Zhang 

et al., 2011) 

¶ The devices increase patient courage to use the paralyzed arm, 
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¶ They document progress, and provide support and motivation when a therapist is not is 

available (Becker at al., 2013) 

Barriers for provision of robotics for rehabilitation  

¶ Lack of long-term evidence of efficacy 

¶ High cost of acquisition 

¶ Constant service needed 

¶ Cannot replace experience of a therapist (Klein et al., 2018, Becker et al. 2013) 

The use of robotic systems for rehabilitation should always include the input from an appropriate 

professional (e.g., a physical or occupational therapist) in a training process. As there is little 

evidence of transfer 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 & Adans-Dester, 2019). 

 

3.5: Robotics to Support Caregivers and Other Staff 

The aim of robotics to support caregivers and other staff is to strengthen the physical and 

psychological resilience of caregivers and to give them more time for a direct contact with their 

clients. In Becker (2019, p. 237), tasks that professional caregivers desire support for are: 

¶ Time-consuming routine work such as documentation, ordering and distributing 

materials, portioning medication 

¶ Transport of material and persons within an institution 

¶ Physically demanding work such as lifting and carrying 

¶ Cognitively demanding work such as remembering and organising different tasks 

More precisely, staff in nursing homes described robotic support in the following tasks as helpful in 

a needs analysis (Compagna et al., 2009):  

¶ Transfer of clients from and in beds and bathtubs 

¶ Automatic documentation (e.g., drinking protocols) 

¶ Support during the night shift and in case of emergencies 

¶ Intelligent, semi-autonomous care trolleys 

¶ Provide clients with drinks 

¶ Accompany them to activities 

¶ Mobilization and localisation 

In the following section, existing robotic systems for caregivers and organizations are described. 

 

3.5.1 Logistics Robots and Transport Systems  

These robotic systems aim to prevent staff in hospitals and nursing homes from walking long 

distances or carrying heavy goods. They can supply departments with patient/clientsΩ meals, 

laundry, and medical products or dispose of waste. The use of driverless transport systems requires 

networking with other vehicles, the warehouse and the infrastructure (e.g., 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 transportation. 

Others tow the load, or the transport compartments are integrated within the system (Klein et al., 

2018). 

Barrier free environments are necessary to use these logistic and transport systems. As they 

operate in public spaces, they must be able to identify obstacles and humans, in order to bypass 

them (Klein et al., 2018). 

Innovations in this field include intelligent care trolleys which can navigate autonomously (having 

been summoned with a smart phone), provide nursing utensils directly to patient rooms and 

document material consumption (Graf, 2020). They are not on the market yet, but show ways to 

facilitate medical product supply in the future. 

 

 

Figure 23: The intelligent care trolley drives autonomously to his destination 
 (Picture: R. Bez © Fraunhofer IPA) 

 

3.5.2 Cleaning and Disinfection 

Existing robotic 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 large areas, and they document 

the cleaned sections (Klein et al., 2018). Remaining challenges include tasks such as, emptying trash 

cans, wiping down surfaces, clearing away obstacles or opening doors. Solutions for these 

challenges remain at a prototype stage. 
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Disinfection is a very important consideration in hospitals and nursing homes to prevent the spread 

of viruses, bacteria and fungi. Many surfaces cannot be disinfected with liquid disinfection and in 

some situations, contaminated materials or rooms are not easily cleaned or should not be entered 

by a person. In this case, disinfection robotics can be a good solution. They use ultraviolet (UV) 

lights, vaporized or sprayed chemicals, and air filtration to disinfect surfaces and the air (Tectales, 

2020). 

 

3.5.3 Intelligent Nursing Aids 

This is the concept that common nursing aids can be equipped with intelligent and assistive add-

ons, especially to support the transferal and moving of patients or body care. For example, during 

the transference of people from bed to chair and vice versa or to reposition them in bed. Several 

assistive products exist but they may need certain muscle power, especially if the person to be 

transferred cannot help or they are heavy and bulky. Additionally, the aid will often have to be 

brought into the room before, which takes a lot of time (Daum, 2017). Therefore, several companies 

and research centres have worked on a solution to simplify these situations. They have created 

lifters which autonomously navigate to the room where they are needed and use sensors to identify 

and admit the person (e.g., Robear, Riken Institute or ELEVON-System, Fraunhofer IPA) or beds that 

transform into a wheelchair (Resyone Plus from Panasonic). Exoskeletons are also in consideration 

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 personal assistance in intimal situation might benefit from them. 

Experiences were collected in the EU research project I-SUPPORT3. 

 

3.5.4 Telepresence Robots 

Telepresence systems use the concept of video conferencing on a mobile platform. They can be 

controlled remotely via software from a PC or smartphone. The prerequisite is a stable Internet 

connection.  

 

 
3 I-{ǳǇǇƻǊǘΣ ŦǳƴŘŜŘ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ programme under grant agreement No 643666 
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Telepresence robots can help to overcome distances. They can enable immobile patients to get in 

contact with a physician in rural areas or a physician can consult an expert to join in decisions. Also, 

a translator can be connected in case of language barriers. Telepresence systems can also help to 

keep a connection between immobile people and their relatives. These can navigate the platform 

through the home and see if everything is all right, and they can communicate via video call (Klein 

et al., 2018). Moyle et al. (2014) found positive aspects of using a telepresence robot for people 

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, listening to heart beats with a stethoscope or access to patient 

data (CT/MRI images) in an information system can be linked (Becker et al., 2013).  

 

3.5.5 Emotional Robots  

Emotional robots are commercially available and often resemble animals. They are designed in a 

way that emotional access is created, they can react to the behaviour of their user and can also act 

proactively, which is why they are often used in a similar way to animal-assisted therapy. Emotional 

robots are often used to stimulate people who do not respond to address or have difficulties 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 with people with dementia (Moyle et al., 2017), in the early support of children with 

Figure 24: Different telepresence systems: TEMI (Temi Global Ltd.), VGo (Vecna Technologies) 
and BEAM (Blue Ocean Robotics) (Pictures: K. Türkogullari, Frankfurt UAS) 
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multiple disabilities (Klein, 2011), and people with an unresponsive wakeful syndrome (Klein et al., 

2014).  

 

Figure 25: The robotic seal PARO (Picture: M. Weiland, Frankfurt UAS) 

 

3.6: Robotics for Support at Home 

These assistive robotic systems aim to maintain or increase the independence of people in their 

home. Assistive functions which support activities of daily living are perceived as essential by users 

including: washing, dressing/undressing, preparing food, transporting 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 total of 33 healthy, community-dwelling older adults (26 

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

robot. Participants named 4 companion-related functions and 15 service-related functions. The 

most desired ŦǳƴŎǘƛƻƴ ǿŀǎ ǎŜǊǾƛŎŜ ƻǊƛŜƴǘŀǘŜŘΥ нп ǇŀǊǘƛŎƛǇŀƴǘǎ ƴŀƳŜŘ άŘƻƛƴg houseworkέ ŀǎ Ƴƻǎǘ 

important, 15 people ƴŀƳŜŘ άŦƛƴŘƛƴƎ ƻǊ ŦŜǘŎƘƛƴƎ ǘƘƛƴƎǎέ ŀƴŘ мр ǇŜople wanted a robot that was 

able to chat with them.  
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Figure 26: Preferred robot functions in old age (adopted from Chu et al., 2019) 

 

3.6.1 Communication and Interaction Robots 

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 people, 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 send calls 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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3.6.2 Mobility Aids 

Limited mobility is one of the main causes of restricted autonomy in old age and in people with 

disabilities. Robotic mobility devices focus on compensating functional loss through intelligent 

assistive functionalities or on extending mechanical solutions (Klein et al., 2018). 

Wheelchairs are equipped with tools to overcome stairs, with functionalities to avoid collision with 

obstacles, to follow people 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 variety of functionalities such as electric motorisation 

to assist the user when pushing; automatic speed 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 case of emergency (Klein et al., 2018). 

 

3.6.3 Handling Aids 

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 

cuǘƭŜǊȅ ƻǊ ŘǊƛƴƪƛƴƎ ǾŜǎǎŜƭǎ ŀƴŘ ƭŜŀŘ ǘƘŜƳ ǘƻ ǘƘŜ ǳǎŜǊǎΩ ƳƻǳǘƘ όYƭŜƛƴ ϧ .ŀǳƳŜƛǎǘŜǊΣ нлнлύΦ wƻōƻǘƛŎ 

arms are gripping aids and can pick things up from a shelf or the ground.  

Figure 27: The interaction 
robot PEPPER (Softbanks) 
can play music, dance and 
recognize people. On its 
tablet monitor, additional 
functions can be added 
(Picture: K. Türkogullari, 
Frankfurt UAS) 
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Figure 28: Robotic arm helping the user to handle a bottle 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 they can become more independent by identifying the target and the destination, they will 

not have to be controlled all the time of usage (Klein et al., 2018; Klein & Baumeister, 2020). 

 

3.6.4 Complex Assistive Robots  

Personal assistive robots at home aim to combine functions and features of different conceptual 

systems (autonomous navigation, communication and information, gripper and emergency call 

system, etc.) in one platform. They undertake pick-up and delivery services, take over household 

tasks, motivate the user to stay active and help in critical situations. These tasks are very complex, 

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.  

9ȄŀƳǇƭŜǎ ƻŦ ŀǎǎƛǎǘƛǾŜ Ǌƻōƻǘǎ ŀǊŜ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ 9¦ ǇǊƻƧŜŎǘ άwh.h¢-ERA - Implementation and 

integration of advanced Robotic systems and intelligent Environments in real scenarios for the aging 

ǇƻǇǳƭŀǘƛƻƴέ4. Platforms were created for three different scenarios (indoor, condominium and 

outdoor) between 2012 and 2015 and evaluated with end-users in Italy and Sweden. These 

platforms are organized in a cloud and can communicate with each other. DORO is the robot 

designed to assist indoors, it can support individuals with object manipulation by its integrated 

robotic arm, can transport objects, has a handle for walking support and a removable tablet. CORO 

can use the elevator and bring goods and waste to ORO which operates outdoors (e.g., doing the 

shopping or disposing of waste in bins) (Cavallo et al., 2018). 

Other platforms are created by companies or research centres and universities. The Care-O-Bot 

(Fraunhofer IPA) which is in its fourth generation, can open doors, identify, grasp and operate 

objects, identify and bypass obstacles and can be an interface to other applications (Fraunhofer 

IPA, 2021).  

 
4 Funded from the European Community's Seventh Framework Programme (FP7/2007-2013) under grant agreement num. 288899 

FP7 - ICT - Challenge 5: ICT for Health, Ageing Well, Inclusion and Governance, http://www.robot -era.eu/ 
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The robot LIO (F&P Robotics) 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 doors. During the 

COVID19 pandemic, LIO was equipped with additional functions such as disinfection of surfaces and 

measuring body temperature (aƛǑŜƛƪƛǎ Ŝǘ ŀƭΦΣ 2020). The robotic platform is available on market. 

Due to the current high prices, it is assumed that it will not be used in private households until 5-

10 yearsΩ ǘƛƳŜ (Ernst, 2020). 

Another trend, especially in Japan, is to develop assistive robots that have an anthropomorphous 

embodiment. One of the challenges is to develop them with the ability to walk stably on 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 robot is close to a human-like appearance (Mori et al., 2012). 

 

 

3.7: Robot Acceptance 
 

A survey ƛƴ ǘƘŜ ŦƻǊƳŜǊ ну ƳŜƳōŜǊ ǎǘŀǘŜǎ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ƛƴ нлмт ǊŜǾŜŀƭŜŘ ǇŜƻǇƭŜǎΩ ŀǘǘƛǘǳŘŜǎ 

towards robots and artificial intelligence (AI). 61% of the respondents had a positive 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 AI with more than 80% positive 

Figure 29: The Care-O-Bot 4 is able to identify food on a plate, to pick it up with a 
spoon and to present it in front of a person's mouth (Picture: R. Bez © Fraunhofer 

IPA) 
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answers. In Greece, Croatia and Cyprus fewer than half of the respondents had a positive attitude 

(European Commission, 2017).  

Socio-demographic analyses showed that men were more likely to have a positive attitude towards 

robots and AI than women (67 vs. 54%). Younger EU residents had a more positive view 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 whether they would be comfortable with having 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 were most comfortable with the idea (40-45%); respondents in Portugal, 

Greece and Cyprus (11-13%) were least. Socio-demographic analyses showed the same effects as 

in general attitudes towards robotics and AI (European Commission, 2017).  

 

3.7.1 Acceptance of Robots after Practical Experiments  

Studies with smaller populations showed different opinions for the idea of having Ǌƻōƻǘǎ ƛƴ ǇŜƻǇƭŜǎΩ 

home. Especially after a direct contact with a robot, participants tend to have a more positive 

attitude towards the robot.  

A study undertaken by Beer et al. (2019) shows changing attitudes towards robots: 12 older adults 

(aged 68ς79 years) changed their opinions in favour of the robot after being exposed to it. The 

robot Personal Robot 2 (PR 2) was demonstrated performing three tasks: medication delivery, 

operating the light switch and organizing objects. In interviews they expressed many positive 

reactions. Especially in terms of usefulness and perceived ease of use, the participants had more 

confidence in operating witƘ ŀ Ǌƻōƻǘ όǘƘŜ ƳŜŘƛŀƴ ŎƘŀƴƎŜŘ ŦǊƻƳ άǎƭƛƎƘǘƭȅ ƭƛƪŜƭȅέ ǘƻ άǉǳƛǘŜ ƭƛƪŜƭȅέύ 

after the demonstration. They also showed a greater openness to robotic assistance. 

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 

ǘƘŜ ƘƛƎƘŜǎǘ ƛƴ ǘƘŜ ŀŎǘƛǾƛǘȅ άƳƻǾƛƴƎ ƻōƧŜŎǘέ όŜΦƎΦ, ǘƻ ŦŜǘŎƘ ǘƘƛƴƎǎύ ŦƻƭƭƻǿŜŘ ōȅ άƛƴŦƻǊƳŀǘƛƻƴ 

ƳŀƴŀƎŜƳŜƴǘέ όŜΦƎΦ, ǊŜƳƛƴŘƛƴƎ ƻŦ ƳŜŜǘƛƴƎύΣ άƘƻǳǎŜ ǿƻǊƪέ όŜΦƎΦ ǿŀǘŜǊƛƴƎ ŦƭƻǿŜǊǎύ ŀƴŘ άƘŜŀƭǘƘέ όŜΦƎΦ 

ǘƻ Ŏŀƭƭ ŀ ŘƻŎǘƻǊύΦ [ƻǿŜǊ ŎƻƴǎŜƴǘ ǿŀǎ ŦƻǳƴŘ ŦƻǊ άƭŜƛǎǳǊŜ ŀŎǘƛǾƛǘƛŜǎέ όŜΦƎΦ, to provide entertainment) 

ŀƴŘ άǇŜǊǎƻƴŀƭ ŎŀǊŜέ όŜΦƎΦ, washing hair), especially in the older age group (Oehl et al., 2019; Oehl 

et al., 2018). 

In the 3-ȅŜŀǊ ǇǊƻƧŜŎǘ ά{¸at!w¢b9wέ ŦǳƴŘŜŘ ōȅ ǘƘŜ DŜǊƳŀƴ CŜŘŜǊŀƭ aƛƴƛǎǘǊȅ ƻŦ 9ŘǳŎŀǘƛƻƴ ŀƴŘ 

Research (BMBF), a personal assistive robot accompanied 20 elderly people in their homes for five 

days. The robot was perceived as supporting a variety in everyday life tasks and mitigating the 

effects of being alone. Participants were described as developing a personal relationship towards 

the robot, 12 out of 20 participants wanted to keep the robot after the experiment (Meyer & Fricke, 

2020).  
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3.7.2 CaregiversΩ Acceptance of Robots 

The experience of having practical contact with a robot seems to positively influence potential 

users. This also is important 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 to other 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 robots, the more confident they were 

in using robotics. The more useful respondents found 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 

mentally effortful activities. Professionals were sceptical towards the use of robots in direct contact 

to clients, thus replacing professional work power (Merda et al., 2017; Goransson et al., 2008). 

 

3.8: Ethical Aspects in the Application of Robotic Systems 

 

For the field of nursing/care Pijetlovic (2020) summarizes concerns of robotic application in 

literature in two dimensions: the relationship between caregiver and client and the technical-

instrumental dimension.  

In the first example, robotic systems are not perceived as appropriate (Coeckelbergh 2010, 2015; 

Parks, 2010; Vallor, 2011), because these are not able to care in an emotional way. So, a meaningful 

relationship could not arise. This 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 the material/physical dimension and objectify clients (Parks, 

2010) 

2. Objectification leads to clients being fooled into thinking they have a care relationship 

(Sparrow & Sparrow, 2006) 

3. There is a danger that care clients will become socially isolated because of a decline in visits. 

The author criticizes that there is no suggestion for alternatives to the nursing shortage and adds 

the fact that transparency of the dimensions could give the clients the possibility to choose on their 

own (Pijetlovic, 2020). 

The German Ethics Council recommends that clients are supported to clarify their personal 

preferences for certain forms of care. In specific situations, the utilisation of robotic systems could 

be perceived differently by the individual person. Professional caregivers 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 processes, but the subjective benefit for the person also 

concerned must always be taken into account (Deutscher Ethikrat, 2020).   
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¢ƻ ƛŘŜƴǘƛŦȅ ŎƭƛŜƴǘǎΩ ǇǊŜŦŜǊŜƴŎŜǎ ǘƻǿŀǊŘǎ ǊƻōƻǘƛŎ ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ŘƛŦŦƛŎǳƭǘ ǿƛǘƘ ǇŜƻǇƭŜ ŀŦŦŜŎǘŜŘ ōȅ 

dementia. These people in particular can benefit from tools supporting their independence and 

safety. An ethical aspect might be that they are not able to oversee to what 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 responsible fƻǊ ǎƻƳŜƻƴŜΩǎ 

care which 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 good nursing and 

assistance: to respect the individuality of a person, especially self-determination, identity, 

relationality, privacy, intimacy and shame. Nursing guidelines should contain statements about 

which domains can be substituted by robotic technology and which domains should stay free of it 

to avoid interpersonal encounters becoming more difficult or rare (Deutscher Ethikrat, 2020).  

 

3.9: Issues for Robotic Provision 

 

Even if many people and organizations in the health and social care sector could benefit from 

robotic systems, they are rarely seen until now.  Possible causes are described in the following 

section: 

 

3.9.1 Availability of Robotic Systems in the Context of Care 

Care robots are often described as a solution for the lack of qualified care staff. But until now, 

ŎƻƳǇƭŜȄ ŀƴŘ άƛƴǘŜƭƭƛƎŜƴǘέ Ǌƻōƻǘǎ ŦƻǊ ƛƴŘƛǾƛŘǳŀƭ ŎŀǊŜ ŀǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ ƳŀǊƪŜǘΦ /ǳǊǊŜƴǘ 

systems have only assistive function (Graf, 2020).  

In a systematic review in 2013, Bedarf et al. identified 107 robotic systems supporting elderly 

people at home. Those robots claimed to provide support in four domains: mobility, self-care, 

interpersonal interaction & relationships, and other activities, related to the ICF. Six robots were 

still in a concept phase, 95 in a development phase, and only six robots 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 supported interpersonal interaction & relationships (the emotional 

robot seal PARO) (Bedarf et al., 2015). 

Since 2013, many more robotics for personal assistance have entered the market, such as robotic 

ŀǊƳǎΣ άƛƴǘŜƭƭƛƎŜƴǘέ ǿƘŜŜƭŎƘŀƛǊǎ ŀƴŘ ŜȄƻǎƪŜƭŜǘƻƴǎ ǿƘƛŎƘ ƘŜƭǇ ǇŜƻǇƭŜ ǿŀƭƪΦ .ǳǘ ŀǎ Graf (2020) 

outlines, many robotic solutions, especially complex assistive robots, intelligent care aids and 

communication and interaction robots are still primarily research platforms.  

The following figure gives an overview of the state of development and availability of various 

robotic systems in 2020: 
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Figure 30: Available Assistive Robotic Systems (adopted and translated from Graf, 2020 © Fraunhofer IPA) 

 

3.9.2 Implementation in PŜƻǇƭŜΩǎ Households and in Institutions 

While industrial robots work in a standardized environment, social and assistive robots have to act 

in an environment where the modalities are often not prepared for a robot. Therefore, not every 

robotic system is suitable and often special robotics must be developed for a specific scenario. 

Examples for potential challenges are: 

¶ 9ƴǎǳǊƛƴƎ ǳǎŜǊǎΩ ǎŀŦŜǘȅ όaŜȅŜǊ ϧ CǊƛŎƪŜΣ нлнлύΥ 9ǎǇŜŎƛŀƭƭȅ ǿƛǘƘ ŦǊŀƛƭ ƻǊ ƛƳƳƻōƛƭŜ ǳǎŜǊǎΣ 

particular care must be taken to ensure that robots do not let the user fall by approaching 

too fast or standing in their way.  

¶ Constant technical breakdown has to be avoided for not overstraining the user (Meyer & 

Fricke, 2020). 

¶ In small rooms, robots have to be able to navigate around furniture and over door 

thresholds and carpets (Gross et al., 2019; Frennert et al., 2017). 

¶ Stairs have to be overcome, e.g., by using an elevator (Aymerich-Franch & Ferrer, 2020; 

Cavallo et al., 2018)  

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

(Meyer & Fricke, 2020). 

 

3.9.3 Further Challenges and Barriers in Implementing Robotic Systems 

aŀƴȅ ƻǘƘŜǊ ŀǎǇŜŎǘǎ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ Ǌƻōƻǘǎ ƛƴ ƛƴǎǘƛǘǳǘƛƻƴǎ ŀƴŘ ǇŜƻǇƭŜΩǎ ƘƻƳŜǎΦ  
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Stubbe et al. (2019) name four challenges. They also focus on staff as users of service robotics: 

¶ Physical and mental integrity: The 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 harm (e.g. by having the feeling of being monitored 

all the time). 

¶ Change in the world of work: The use of robots can change job profiles. When 

ƛƳǇƭŜƳŜƴǘƛƴƎ ǊƻōƻǘǎΣ ƻǊƎŀƴƛȊŀǘƛƻƴǎ ƘŀǾŜ ǘƻ ŀŘŘǊŜǎǎ ŜƳǇƭƻȅŜŜǎΩ ŦŜŀǊǎ ƻŦ ŘƻƛƴƎ ŀƴƻǘƘŜǊ Ƨƻō 

or even losing their job because of automation. 

¶ Liability and Data Sovereignty: The use of robots can lead to legal uncertainty with regard 

to liability. Responsibilities are not always clearly attributable. This aspect, combined with 

the obligation to handle personal data lawfully under EU law, leads providers to be 

reluctant to act. 

¶ Self-determination and transparency: Human decisions and self-determined actions 

should not be taken over by robotic systems. Therefore, transparency and knowledge of 

the capacity of the robotic system is important to be able to assess functions and their 

results. This leads to further acceptance.  

As a result of qualitative interviews with agents in the health care system, Klein et al. (2018) name 

political, social, legal and technical barriers for 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 persons must find a way to get them financed. Organisations have to 

decide whether the platform is worth the investment, especially if it does not raise the income. 

Health politics could enable and simplify the distribution process and also support small and 

medium organisations. For end-users it may depend on the health system in the country if robotic 

devices are paid e.g., by a health insurance. 

Social and legal barriers refer to acceptance, ethical concerns and data safety and security. This 

applies to both organisations and the private users and his/her environment. If people do not 

perceive the benefit of a technology, the implementation will often not be successful. Described 

fears are the same as mentioned before by Stubbe et al. (2019). Caregivers and end-users of robots 

should participate and be integrated in the whole developmental 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 general, preferences are that functions are more 

reliable and service-oriented (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 distance in human contact, to support well-being and to act as a 

safeguard. Aymerich-Franch 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.  



ά/ǳǘǘƛƴƎ-Edge Digital Skills for Professional Caregivers 

of Persons with Disabilities and Mental Health Problemsέ 

  

 85 
. 

 

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

European Commission support for the production of this publication does not 

constitute an endorsement of the contents, which reflect the views only of the 

authors, and the Commission cannot be held responsible for any use which may be 

made of the information contained therein. 

Roles that are linked to the health and social sector were: 

¶ Receptionist in hospitals 

¶ Pre-diagnosis (questionnaires and thermal screenings) 

¶ Providing information (e.g., where to go next in a hospital) 

¶ Telepresence (communication of patients in hospitals or residents in nursing homes with 

medical staff and relatives) 

¶ Monitoring (to report body temperature, blood pressure, oxygen saturation, or changes in 

ǇŀǘƛŜƴǘǎΩ ǊƻǳǘƛƴŜύ 

¶ Indoor and outdoor delivery (Outdoor: food or sanitary supply; Indoor: medication, linens, 

meals, medical supplies and documents) 

¶ Safety and protection (safety advice, detection if people wear masks or keep distance, 

patrolling) 

¶ Disinfection 

¶ Companion (emotional support and motivation) 

¶ Entertainment (singing, dancing, playing games, reading news etc.) and edutainment (brain 

training exercises) 

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

¶ Promotion of physical exercise 

These examples demonstrate how exceptional situations can promote and increase innovation and 

the implementation of robots in new fields in a short period. However, the overview has shown 

that robotic systems in the health and social care sector is not yet as far advanced as it is often 

feared. Especially ŎƻƳǇƭŜȄ άŎŀǊŜ ǊƻōƻǘƛŎǎέ ŀǊŜ ǎǘƛƭƭ ƛƴ ŀ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǎǘŀƎŜΦ 

And even if a majority of people ς older persons, people with disabilities, caregivers, therapists, 

physicians ς could benefit from robotic systems, there are still many obstacles to overcome.  

Funding policies of the European Union and national programmes 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 and social care system and primary 

users, such as people with disabilities and functional loss, engage 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 contribute to the acceptance of new technological developments.  

In fields where robotic systems are already common, such as in logistics and also in physical 

rehabilitation the high costs might be barriers of implementation. Cost-benefit analyses, and in 

rehabilitation proof of evidence, could help to facilitate funding and to reduce 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 robotic 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 to make their own choices.  
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Topic 4: Green Information and Communications Technology (ICT) 
 

4.1: Introduction 

 

It is true that smart sensors help people to save energy (e.g., smart thermostats, automatic lights 
on presence, power consumption metering) but it is also true that these devices consume power 
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? 
How can we select the less power consuming ones?  

To answer these questions, we will explain first the architecture of Internet of Things (IoT) solutions. 
The different layers of such architecture are explained, with emphasis to those layers relevant to 
the consumer (sensors and data transportation). Different wireless 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 understanding on how 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 consumption.  

 

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 froƳ ǇŜƻǇƭŜǎΩ biometric data collection (medical and healthcare 
applications), ambient data collection in indoor building environments (smart home applications), 
traffic related data (smart cities applications), weather, water and soil relevant data (smart 
agriculture applications) and much more such as environmental monitoring to safeguarding 
(military). 

 

    

Figure 31: Different IoT devices 

There are many sophisticated applications within the Internet of Things (IoT) 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 grow in both numbers and their 
requirements. 

The energy consumption can be categorized in different Layers relevant to the architecture of IoT 
solutions (Perception, Transport, Processing, Network and Application) (Tahiliani et al., 2018). In 
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 IoT smart application. The energy 
consumption for the other layers is dependent on many different parameters based on the service 
ǇǊƻǾƛŘŜǊΩǎ ǇƻƭƛŎƛŜǎΦ   

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 (software 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 End User IoT Architecture  

End user IoT architecture covers the first two layers of an IoT solution 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 end-user monitoring apps through the Internet.  

 

 

Figure 32: Common end user IoT Architecture 

 

An alternative is to connect the sensors directly to the Cloud Application through WiFi or through 
GSM (Global System for Mobile communication), which is a Mobile Network like the one 
smartphones use. The end user IoT Architecture in this case is much simpler when used with a local 
WiFi, or a sim card with mobile data that can be integrated in the sensors. The latter consumes 
more battery and requires the user to buy mobile data. It is used mostly for remote areas where 
Cable Internet is not available.  
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Figure 33: Simple end user IoT Architecture 

 

Once these sensors are connected, they start reporting the sensed or measured data to the 
metering cloud Application. Reporting data to the cloud is very costly as every bit gets charged, this 
may exhaust the battery of the sensor. To address this, local scripts on the sensor can save power 
(e.g., transmit data when necessary, for example: (a) differentiation of the measured values or (b) 
when a risk is identified).  

 

4.2.2 Energy Saving in Perception Layer 

Sensors in a Wireless Sensor network (WSN) are in most of the cases equipped with a battery that 
in many cases is very difficult to change or recharge. Imagine an elderly person wearing 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 cases, battery life can become a barrier to theǎŜ ǎŜƴǎƻǊΩǎ 
missions. Prolonging the lifetime of the batteries of sensors through minimizing energy 
consumption is an important challenge in WSN, both for their functions but also for their 
environmental footprint. There exist several mechanisms to save energy in sensors such as energy 
efficient routing, clustering, duty cycling and radio optimization (Rezaei et al., 2012).  

One of the mechanisms worth mentioning is duty cycling. A sensor usually has 4 operating modes: 
transmission, reception, idle listening and sleep. The most power consumption arises due to 
transmission and in most cases the power consumption in the idle mode is approximately similar 
to receiving mode. On the other hand, power consumption in sleep mode is much lower. In a duty 
cycling apprƻŀŎƘΣ ŜƴŜǊƎȅ ƛǎ ǎŀǾŜŘ ōȅ ǇǳǘǘƛƴƎ ǘƘŜ ǎŜƴǎƻǊΩǎ ǿƛǊŜƭŜǎǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƳƻŘǳƭŜǎ ƛƴ ǘƘŜ 
(low-power) sleep mode whenever communication is not required. Ideally, wireless communication 
modules are switched off as soon as there is no more data to send/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 minimum 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 (e.g., it's good to know that the 
motion sensor is functioning once per day).  
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Another mechanism is to compress the data to be transmitted each time, which can drastically 
reduce communication energy costs. There are several researchers who have investigated optimal 
algorithms for the compression of sensed data, communication and sensing in WSNs (Anastasi et 
al., 2009, Razzaque et al., 2013).  

 

4.2.3 Energy Saving in Transportation Layer 

The transportation layer is in charge of all communications across sensors and cloud services that 
make up the IoT infrastructure. The connectivity between the sensors and the cloud is achieved in 
two ways (as also described in figures 31 and 32): 

ǒ directly, using WiFi or cellular data 

ǒ via gateways τ devices performing translation between local protocols (data coming from 
sensors) to WWW ones. 

The different protocols for sensor communication are described below: 

ǒ WiFi: WiFi offers the highest data throughput, but at the cost of high-power consumption. 
WiFi is adopted by many prototypes and current generation IoT devices since it does not 
require additional equipment for a sensor to send data to the cloud. It is likely though that 
WiFi will be superseded by lower-power alternatives. 

ǒ Low Power Wide Area Network (LPWAN): is a type of wireless telecommunication wide 
area network designed to allow long-range communications at a low bit rate. They are ideal 
for large-scale deployments of low-power IoT devices such as wireless sensors. The most 
famous LPWAN technologies are LoRa (LongRange physical layer protocol) and NB-IoT 
(Narrow-Band IoT). 

ǒ Bluetooth Low Energy (BLE): BLE is a type of wireless telecommunication personal area 
network technology aimed at novel applications in the healthcare, fitness, localization, 
security, and home entertainment industries. It is a low-power version of the popular 
Bluetooth 2.4 GHz wireless communication protocol. It is designed for short-range (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 when they are not transmitting data. 
Personal IoT devices such as wearable health and fitness trackers often use BLE. 

ǒ ZigBee: ZigBee is a type of wireless telecommunication network used to create personal 
area networks like home automation, medical device data collection, and small-scale home 
automation applications which need wireless connection. It is a low-power and low-
bandwidth wireless mesh network protocol. Unlike BLE, not all devices can sleep between 
bursts. Much depends on their position in the mesh and whether they need to act as 
routers or controllers within the mesh.  

ǒ Cellular: The LPWAN NB-IoT and LTE-M standards address low-power, low-cost IoT 
communication options using existing cellular networks. NB-IoT is the newest of these 
standards and is focused on long-range communication between large numbers of 
primarily indoor devices. LTE-M and NB-IoT were developed specifically for IoT, however 
existing cellular technologies are also frequently adopted for long-range wireless 
communication.  

https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/LPWAN
https://en.wikipedia.org/wiki/Bluetooth_low_energy
https://en.wikipedia.org/wiki/NarrowBand_IOT
https://www.link-labs.com/blog/what-is-lte-m
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ǒ Near field communication (NFC): NFC is a set of communication protocols for 
communication between two electronic devices over a 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 
check-in systems and smart labels in asset tracking. 

ǒ Radio-frequency identification (RFID): An RFID system consists of a tiny 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 typical range 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 designed to be used within Industrial IoT applications for secure 
long-range communication.  

ǒ Ethernet: Ethernet is a family of wired computer networking technologies commonly used 
in local area networks (LAN). Sensor units installed within a building automation system can 
use wired networking technologies like Ethernet. Power line communication (PLC), an 
alternative hard-wired solution, uses existing electrical wiring instead of dedicated network 
cables. Ethernet can support higher bit rates, a greater number of sensors, and longer link 
distances while it is also the most trustworthy solution. 

ǒ 5G: 5G is the next generation of wireless networks. It is built on existing cellular 
technologies (4G), but it offers improved bandwidth, reliability and is about twenty times 
faster than 4G. 5G is ideal for the Internet of Things (IoT). It also aids the ultra-low latency 
requirement for real-time communications. 

To give some practical examples on power consumption, it is proven that ZigBee-
based networks generally consume 25% of the power of WiFi networks. Research 
results on different wireless connectivity protocols have proved that Bluetooth 
and ZigBee had significantly lower power consumption than WiFi in real life 
applications (Olaide et al., 2017). Bluetooth Low Energy is best for short range 
applications like wearable devices and smart vehicle applications, ZigBee is best 
for Industrial automation and robotics because it can cover a wide range, while 
WiFi is best for standalones (mostly in smart home applications) and mobile 
devices because it can implement TCP/IP and therefore the devices or nodes can 
connect to the Internet directly. The conclusion is that in case a product runs on batteries, it is very 
important to consider the networks the devices are using to estimate their power consumptions. 

 

  

 

 

 

4.3: Examples on the Power Consumption of Different Wearable Devices  

 

Figure 34: Smartwatch 
(Source: 
https://www.smartw
atchspex.com/kingwe
ar-smartwatch-kw88-
3g-specifications/) 

 

https://en.wikipedia.org/wiki/Near_field_communication
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Android smart watches with WiFi. There are several smart watches of this category in the market. 
The smart watch (actually a wearable mobile phone) measures heart rate, physical activity, sleep 
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 hours, when 
WiFi is on. This makes it incompatible with 24x7 monitoring services, since it would need to be 
charged 3 times a day.   

 

Smart watches that require connection with a mobile phone. There 
are several wearables that track physical activity and continuous heart 
rate. They should be synchronized with a mobile phone through an app 
and they send the data to the phone (through Bluetooth mainly) and 
then to a private server. In some cases, they offer the ability to write 
your own application and send the data from the mobile phone to an 
own cloud server. They have a battery life of 4+ days which is much 
more acceptable but the disadvantage is that they require a mobile 
phone nearby to populate their measurements.  

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. 

 

 

 

Figure 36: Activity tracker (Photo by FitNish Media on Unsplash) 

 

4.4: Summary 

 

The Internet of Things (IoT) is a key enabler for many modernized applications, from personal health 
care to outer space exploration. However, complicated operations (such as data transmission) 
consume substantial energy in contrast to the limited energy storage of IoT devices. To improve 
their sustainability and reduce costs, the energy efficient (άgreenέ) design of IoT 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 reduce energy consumption in general. Duty cycling 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. Combining all the above information and playing with IoT 
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.   

Figure 35: Smartwatch 
(Source: Fitbit Website 
https://www.fitbit.com) 

https://unsplash.com/@fitnish?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/@fitnish?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/activity-trackers?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/activity-trackers?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Topic 5: Virtual Reality (VR) and Augmented Reality (AR)  

 

5.1: Introduction to VR 
 

5.1.1 Definition 

Virtual Reality is a computer-generated simulation of three-dimensional environments that can be 
interacted with in a close to real or physical way by a person wearing a helmet with a screen inside, 
holding joysticks or wearing gloves or other wearable devices. The innovation of Virtual Reality is 
that the user can see the three-dimensional environment all around him, feeling that he is actually 
there.  

 

Figure 37: Man wearing VR headsets Photo by stephan sorkin on Unsplash 

 

 5.1.2 History of VR 

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

Stereopsis (1939) Perception of depth and 3-dimensional structure from the combination of two 
photographs (one eye viewing each) of the same object taken from different points. First explained 
in 1838 by Charles Wheatstone. View-Master created in 1939 is the evolution of Charles 
Wheatstone device in popular culture. 

https://unsplash.com/@sorkin?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/virtual-reality?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Figure 38: Photo by Museum of Hartlepool 
 

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

 

Figure 39: Picture of Sensorama 

 

Sword of Damocles (1968): The first Head Mounted 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. 

 

Figure 40: Sword of Damocles 
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Oculus Rift (2014- Error! Reference source not found.) and HTC Vive (2015 -  Error! Reference so
urce not found.): Currently the 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 raised 2.4 million dollars.  
In 2014, Facebook bought the Oculus company ($2 billion). The HTC Vive was unveiled during HTC's 
Mobile World Congress keynote in March 2015. 

 

Figure 41: Oculus Rift 

 

Figure 42: 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 is widely used for immersive, unique gaming experiences that simply ŀǊŜƴΩǘ ǇƻǎǎƛōƭŜ 
via any other medium. 

Travel industry: VR tours of landmarks/museums. One of the most famous VR applications in the 
travel industry is Earth VR developed by Google. With Earth VR the 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 can transform the way educational 
content is delivered; it works on the premise of creating a virtual world and allows users to not only 
see it, but also interact with it. 
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Medical Sector: VR is extremely useful in medicine for practicing and visualizing useful information. 
It is currently used in medical training, patient treatment, medical marketing, disease awareness, 
robotic surgery, mental health and psychological therapy etc. 

Professional Training: VR has become an increasingly popular asset under the contemporary work 
environment. Especially in businesses where professional equipment is dangerous for first time 
users and expensive to buy and maintain, VR training is preferred (e.g., racing drivers). 

Autism: Virtual Reality is one tool that is being embraced by 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 used the technology 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 speaking: Using a virtual environment and 3d avatars as an audience, the autistic 
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 which the beneficiaries 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 skills: Using a library of scenarios taking place in virtual 
environments the users are trained to communicate with other people. 

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

 

 

5.2: Interactions that can take place in the VR Environment 
 

5.2.1 Scope/Potential  

Some of the advantages of Virtual Reality applications are: 

a. Representation of Real Environments and Scenarios Anytime at Anyplace: Using VR real life 
scenarios can be represented in high accuracy allowing immersive training and 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 a  study by the University of Maryland, virtual 
reality training allows a user to better recall information than when using a traditional desktop 
display with a mouse-based interaction. VR can also enhance empathy and emotion during 
training, both of which help improve information retention. 

c. Safer, Controlled, Customizable and Risk-Free Learning Environments:  VR offers risk free 
training environments where users cannot harm themselves or others or destroy valuable 
equipment.  

d. Reduced Costs: After 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 real-life scenarios.  

 

https://obj.umiacs.umd.edu/virtual_reality_study/10.1007-s10055-018-0346-3.pdf


ά/ǳǘǘƛƴƎ-Edge Digital Skills for Professional Caregivers 

of Persons with Disabilities and Mental Health Problemsέ 

  

 96 
. 

 

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

European Commission support for the production of this publication does not 

constitute an endorsement of the contents, which reflect the views only of the 

authors, and the Commission cannot be held responsible for any use which may be 

made of the information contained therein. 

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 not to 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 of spatial 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 with Individuals 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 social communication. For example, there 
are many social skills involved in initiating and responding within conversation and social 
interactions. Social competence also involves the ability to recognise and respond to nonverbal 
social cues such as eye contact, and body 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 
ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŦǊƛŜƴŘǎƘƛǇǎ ŀƴŘ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƘƛŎƘΣ ƛƴ ǘǳǊƴΣ ŜǎǘŀōƭƛǎƘ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǎƻŎƛŀƭ 
support network. Many individuals with a developmental disorder such as autism spectrum 
disorder (ASD) and/or an Intellectual Disabilities experience difficulties 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, 
evidence-based teaching strategies for social skills (e.g., prompting, reinforcement, peer mediated 
strategies, modelling). However, there are often challenges in ensuring that these skills 
subsequently occur 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 this issue. These contexts may be unpredictable and considerable time and 
ǊŜǎƻǳǊŎŜǎ ǿƻǳƭŘ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ǇǊŜǇŀǊŜ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǘƘƻǎŜ ƛƴ ƛǘ ǘƻ ǎǳǇǇƻǊǘ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 
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 awkward consequences while practicing social skills 
in the natural environment may be aversive and detrimental to learning. 

Within a VR learning environment, it is possible to create multiple learning opportunities and 
experiences for social skills. Generally, there 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 skills in a socially safe environment (e.g., Rogers, 
2017). Knowledge-based VR social skills programmes teach specific information about social skills 
and provide an opportunity to practice these (e.g., Klaassen et al., 2018). Emotion-based social skills 
programmes teach emotion regulation and coping strategies and then provide opportunities to 
practice these in the VR environment (e.g., Pot-Kolder et al., 2018). Some VR social skills 
programmes provide instruction in both social skills and emotion regulation, along with practice 
opportunities (Howard & Gutworth, 2020). In this way, it is possible to incorporate evidence-based 
teaching strategies within the VR learning environment, for example, to programme consequences 
for correct/incorrect social skills and responses (e.g., praise or corrective feedback) ensuring 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 (Cheng et al., 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 (Cheng et al., 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 outlined, 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 daunting for 
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 a socially safe environment in which to practice these skills, before extending 
to the natural environment and social interaction 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., Andersson, Josefsson, & 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., 2015). Research has demonstrated improvements in non-verbal 
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 
positive 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 VR programmes (e.g., North, North, & Coble, 2015). Case 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 inclusive 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; social manners, social 
understanding, listening skills, social skills, perspective-taking, empathy, and eye contact (Cheng et 
ŀƭΦΣ нлмсύΦ /ƘŜƴƎ Ŝǘ ŀƭΦ όнлмсύ ŀƭǎƻ ƴƻǘŜŘ ǇƻǎƛǘƛǾŜ ǊŜǇƻǊǘǎ ŦƻǊ ǘƘŜ ±w ƛƴǘŜǊǾŜƴǘƛƻƴ ŦǊƻƳ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 
teachers, and increases in the paǊǘƛŎƛǇŀƴǘǎΩ ǎƻŎƛŀƭ ǎƪƛƭƭǎ ǘƻǿŀǊŘ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊǎΦ IŜǊǊŜǊŀ Ŝǘ ŀƭΦ όнллуύ 
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 self-care (e.g., personal hygiene and 
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 which individuals can learn safely 
from their mistakes without the often dangerous consequences produced by the real world 
(Standen & Brown, 2006), meaning that VR and AR offer an ideal solution for teaching functional 
living skills.  The virtual learning environment 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 real 
world. 
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Systematic reviews of the literature have found evidence to support the use of VR in learning safety 
skills such as how to cross a virtual street or pedestrian crossing (Matsentidou & Poullis, 2014; 
Saiano et al., 2015; Strickland et al., 1996; Tzanavari et al, 2015) and to teach daily living skills like 
doing the shopping (Adjorlu et al. 2017; Lamash et al., 2017), taking the bus (Simões et al., 2018) 
and driving (Cox et al., 2017; Ross et al., 2018; Wade et al., 2016).   

 

 

5.3.2.1 Safety Skills and Navigation 

 

Crossing the street safely involves an essential 
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 teach 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 
real-world 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, recognise and push the 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 to observe 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 learner. Tzanavari et al., (2015) used the VR CAVE application 
to teach four children with ASD (8-11 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 continue 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; however, all learners 
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 subsequently taken 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 been 
developed so that individuals can experience 
virtual travel training.  For example, Simões et 
al. (2018) created an immersive VR application 
to allow learners to become familiar with the 
process of taking a bus.  Learning in this context 
ǿŀǎ ǇǊŜǎŜƴǘŜŘ ŀǎ ŀ άǎŜǊƛƻǳǎ ƎŀƳŜέ ŘǳǊƛƴƎ 
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 specific destination.  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 demonstrated 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 and DD how to drive using 
real-time 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 
et al. 2013; Cox et al. 2012; Huang et al. 2012; Ross et al. 
2015b) and are therefore less likely than peers to get a 
ŘǊƛǾŜǊΩǎ ƭƛŎŜƴŎŜΦ  LŦ ǘƘŜȅ Řƻ ƻōǘŀƛƴ ŀ ƭƛŎŜƴŎŜΣ ǘƘŜȅ Řƻ ǎƻ 
much later (Cox et al. 2012; Daly et al. 2014).  Barriers to 

acquiring driving skills can include executive functioning difficulties (e.g., self-monitoring, planning) 
which could make driving stressful or dangerous and difficulties with attending to relevant and 
important stimuli in the environment (Cox et al., 2017; Sheppard et al. 2010), for example, road 
hazards or pedestrians.  Persons with ASD 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 co-ordinating visuomotor responses, all of which can create barriers to 
learning how to drive while maintaining safety.   

Learning to drive plays a critical role in living independently and enhancing quality of life.  Acquiring 
ŀ ŘǊƛǾŜǊΩǎ licence is associated with increased participation in further education and paid 
employment for persons with ASD (Cox et al., 2017; Huang et al. 2012).  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 need of additional practice and 
can increase motivation to stay on task while learning to drive.  Eye-tracking can also be included 
to monitor gaze patterns which are associated with driver competence (Cox et al., 2017; Malik et 
al. 2009; Pradhan et al. 2007).  Fifty-one learners with ASD (15.5-25 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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ǘǊŀƛƴƛƴƎΦ  ¢ƘŜ ǘǊŀƛƴƛƴƎ ƛƴǾƻƭǾŜŘ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ƭŜŀǊƴŜǊǎΩ ŘŜŦƛŎƛǘǎΣ ǘƘŜƴ ǳǎŜd a driving 
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 multi-task.  Feedback could be provided by the trainer or automated whereby the 
ǎƛƳǳƭŀǘƻǊΩǎ ǾƻƛŎŜ ǇǊƻǾƛŘŜŘ ǊŜŀƭ ǘƛƳŜ ŀǳŘƛǘƻǊȅ ŦŜŜŘōŀŎƪ όŜΦƎΦΣ άǘƻƻ ŦŀǎǘέύΦ  {ŎƻǊŜǎ ƻƴ ƳŜŀǎǳǊŜǎ ƻŦ 
tactical driving performance improved significantly. 

 

5.3.2.2 Daily Living Skills  

 Shopping is an essential functional 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 
ŎƻƳǇƭŜǘƛƴƎ ǘƘƛǎ ǿŜŜƪƭȅ ŎƘƻǊŜΗ  IƻǿŜǾŜǊΣ ƛǘΩǎ ŀƴ ŀŎǘƛǾƛǘȅ ǘƘŀǘ ǊŜǉǳƛǊŜǎ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ŀƴŘ application 
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 knowledge of money 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 skills in a real-world 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.  

 

Creating a virtual supermarket 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 would in a regular 
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 al. (2017) designed a virtual supermarket which 
ƭƻƻƪŜŘ ƭƛƪŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƭƻŎŀƭ ǎǳǇŜǊƳŀǊƪŜǘ ƴŜȄǘ ǘƻ ǘƘŜƛǊ ǎŎƘƻƻƭΦ  ¢ƘŜ ƭŀȅƻǳǘΣ ǎƘŜƭŦ ǎȅǎǘŜƳǎ ŀƴŘ ǎƛƎƴǎΣ 
and differing sections of the supermarket were modelled on the familiar supermarket.  This can 
improve generalisation of skills to the real-world environment post-practice.   

The programƳŜ Ŏŀƴ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǘǊŀŎƪ ǘƘŜ ƭŜŀǊƴŜǊΩǎ ƳƻǾŜƳŜƴǘǎ ŀǊƻǳƴŘ ǘƘŜ ǾƛǊǘǳŀƭ ǎǳǇŜǊƳŀǊƪŜǘ 
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 considered correct 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 leaving 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 the shopping list.  Tutorial sessions using the virtual supermarket can also incorporate 
voice instructions to prompt and teach the steps of the shopping task. Programmes can also 
automatically record the time spent in the virtual supermarket to assess any improvements in 
efficiency after practicing. 

Adjorlu, Høeg, Mangano, & Serafin (2017) evaluated their virtual supermarket with nine children 
with ASD between the ages of 12-15.  A between groups study was implemented over 10 days 
including pre- and post-intervention 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 Josman (2017) their virtual supermarket with 56 
adolescents with ASD between the ages of 11-19 years.  Thirty-three participants in the intervention 
group took part in eight sessions.  An introduction session was followed by four sessions of learning 
necessary skills 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 a significant improvement in 
accuracy and use of strategies (but not efficiency) compared to the control group, on a measure of 
ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŀōƛƭƛǘȅ ǘƻ ǎƘƻǇ ƛƴ ǘƘŜ ŎƻƳƳǳƴƛǘȅΦ 

 

5.4: Introduction to Equipment 
 

5.4.1 Models/Brands/Selecting Equipment/Choosing Appropriate Equipment for Individual Service 

Users  

The top brands right now in VR are: 

Oculus Rift S: Oculus 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 competition (e.g., HTC VIVE). It 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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Figure 43: Oculus Rift ς S 

 

Its lens with a high-definition screen offers live and ǾƛǾƛŘ ŎƻƭƻǊǎ ŀƴŘ ŀ ǊŜŘǳŎŜŘ άǎŎǊŜŜƴ-door5έ ŜŦŦŜŎǘΦ 
Screen resolution is 2560×1440 (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 Oculus Insight that translate the movements of 
the user to the virtual reality and it offers room-based tracking without the need of additional 
sensors.  

It includes two joysticks, named Oculus Touch, that are lightweight and include a number of 
different buttons covering many different needs of the applications (e.g., to hold something, press 
something, release something, etc.). It also includes integrated sound devices that allows the user 
to hear the sounds from the direction they are produced.  

Oculus software is required on the PC that the Oculus Rift-s will connect to. 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 i3-6100 / 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 

¶ Operating system: Windows 10 

  

 
5 The screen-door effect (SDE) is a visual artifact of displays, where the fine lines separating pixels (or 
subpixels) become visible in the displayed image 
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Oculus Quest 2: The Oculus Quest 2 is a brand-new all-in-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 resolution is 1832x1920px per eye. With enhanced clarity, the user can stay 
focused on whether he is on the move or standing still. Like Rift S, the movements of the user are 
ǊŜŀƭƛȊŜŘ ǘƘǊƻǳƎƘ hŎǳƭǳǎ LƴǎƛƎƘǘ ǘƘŀǘ ǘǊŀƴǎƭŀǘŜǎ ǳǎŜǊΩǎ ƳƻǾŜƳŜƴǘǎ ƛƴǎƛŘŜ ǘƘŜ ǾƛǊǘǳŀƭ ŜƴǾƛǊƻƴƳŜƴǘΦ Lt 
uses Redesigned Controllers and an embedded sound system.   

As anyone can understand it is the future in VR hardware.  

 

Figure 44: Oculus Quest 2 

 

HTC VIVE:  The Vive VR headset of HTC (a result of cooperation with Valve) is the main competitor 
of Oculus Rift -S with better visualisation techniques and modern design.  
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Figure 45: HTC Vive Headset 

 
 
The HTC Vive VR Headset offers a resolution of 2160 x 1200 pixels and 110o optical 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 headset is easy to use and Ŧƛǘǎ ǘƻ Ƴƻǎǘ ƻŦ ǘƘŜ ǇŜƻǇƭŜΩǎ ƘŜŀŘǎΦ ¢ƘŜ ŜŦŦŜŎǘƛve movement space is 
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 significantly bigger than those of the Oculus Rift 
-s. 

 

 

Figure 46: 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.  

 

Figure 47: HTC Vive base station for user movement and location detection 

 

The minimum requirements for a PC to support HTC VIVE are: 

¶ CPU: Intel Core i5-4590 or AMD FXϰ 8350 or greater 

¶ Graphics: NVIDIA GeForce GTX 1060 or AMD Radeon RX 480 or greater 

¶ Memory RAM: 4GB+ 

¶ Video Output: 1x HDMI 1.4 or DisplayPort 1.2 or greater 

¶ USB ports: 1x USB 2.0 or faster 

¶ OS: Windows 7 SP1, Windows 8.1  ̋Windows 10 
 

HTC VIVE PRO:  To HTC VIVE pro is the headset of HTC for advanced users. Vive Pro includes two 
OLED panels with maximum resolution 2880 x 1600 (1400 x 1600 per eye, at 615 PPI), significantly 
greater from the simple VIVE.  
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                                                  Figure 48: 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 attention, what 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 Rift ς S is the wireless node that can be used to avoid 
cables between the headset and the connected PC.   

 

                                            

                                              Figure 49: HTC Vive wireless connector 

 

Vive Cosmos Play: The 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 mixed-reality headset with two pass-through cameras that will depict the 
physical space inside the headset enhanced with Virtual objects.  

 

 

Figure 50: HTC Vive Cosmos 

 

5.4.2 Pre-requisites Needed for Use of Equipment  

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 before using them. 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 inside the virtual world. The software then uses these limits to warn the users if they 
exit the play area.   

 

Figure 51: Setting the effective player area 
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Except for the space requirements the users have to meet the technical requirements in order to 
use VR technology, such as 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 area. All Oculus 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) that 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 Parts: Pre-requisites Needed for Use of Equipment 

As already mentioned in the previous paragraphs the main components of a VR equipment are: 

¶ Controls:  Buttons, Joysticks and pads to allow interactivity with the VR content. 

¶ Helmet: The plastic mold that the user wears on his head 

¶ Display: Most headsets have built-in display screens, while low-cost units will use 
smartphones. 

¶ Sensors: Standalone devices or embedded in the helmet that provide positioning and 
movement information. More, usually embedded in the helmet sensors provide 
information for the movement / position of the headset. 

¶ Headphones/speakers: One for each ear to provide immersive sound.  

 

5.4.4 Basic Set 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 the setup 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 guardian system.  

 

5.5: Safety/Considerations 
 

5.5.1 Space/Movement with Headset 

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 the users of this 
technology be safe whilst 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 uses software 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 need 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 
ǿƘŜƴ ǳǎŜǊǎ ŘƻƴΩǘ ƘŀǾŜ ŜƴƻǳƎƘ ǎǇŀŎŜΦ ²ƘŜƴ ǘƘŜ ǳǎŜǊǎ Řƻ ƴƻǘ ŎƘƻƻǎŜ ǘƻ ƘŀǾŜ ŀ ǎǘŀƴŘƛƴƎ ƻǊ ǎŜŀǘŜŘ 
experience The HTC software requires a minimum play area of 2 m x 1.5 m (6 ft 6 in x 5 ft) and the 
Oculus software a play area of 2 m x 2 m.  

 

5.5.2 Sensory Input  

A lot of negative effects have been recognized when using VR technology. Some of those negative 
effects are difficulty in focusing, reduced depth perception, loss 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, nausea and 
dizziness. The strength of the effect depends on the type of VR experience and differs for each 
ƛƴŘƛǾƛŘǳŀƭΦ {ƻƳŜ ǳǎŜǊǎ ŘƻƴΩǘ ŜǾŜƴ ƴƻǘƛŎŜ ƛǘ ŀƴŘ ƻǘƘŜǊǎ ŦŜŜƭ ǘƘŜ ŜŦŦŜŎǘǎ ƭƻƴƎ ŀŦǘŜǊ ǘƘŜȅ ƘŀǾŜ ǊŜƳƻǾŜŘ 
the VR headset. The main theory for the cause of cybersickness is sensory conflict. The userΩǎ ōǊŀƛƴ 
gets movement as a visual input, ōǳǘ ƛǘ ŘƻŜǎƴΩǘ ƎŜǘ ǘƘŜ ƳŀǘŎƘƛƴƎ ƛƴǇǳǘ ŦǊƻƳ ǘƘŜ ǾŜǎǘƛōǳƭŀǊ ǎȅǎǘŜƳ 
(the system that is responsible for balance). 

Factors that affect cybersickness: 

1. High Acceleration. The effect of cybersickness becomes stronger as the acceleration inside 
ǘƘŜ ǾƛǊǘǳŀƭ ǿƻǊƭŘ ƎŜǘǎ ƘƛƎƘŜǊΦ ¢Ƙŀǘ ƛǎ ǿƘȅ ƛŦ ǘƘŜ ŎƘŀƴƎŜ ƻŦ ǎǇŜŜŘ ƛǎ ƛƴǎǘŀƴǘ ǘƘŜ ŜŦŦŜŎǘΩǎ 
strength is maximized. 

2. Realism. It is suspected that the effects become stronger when the VR experience 
becomes realistic. 

3. Movement. A known cause 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. ¦ǎŜ ŀ ŘŜǇǘƘ ƻŦ ŦƛŜƭŘ ǘƻ ƘŜƭǇ ǘƘŜ ǳǎŜǊΩǎ ŜȅŜǎ ŦƻŎǳǎ ƻƴ specific things rather than the whole 

virtual environment 
3. Avoid using VR gear for extended periods of time. Limit the VR sessions to 10-20 minutes. 
¢ŀƪƛƴƎ ŦǊŜǉǳŜƴǘ ōǊŜŀƪǎ ƘŜƭǇǎ ǘƻ ǊŜǎǘ ǘƘŜ ǳǎŜǊΩǎ ŜȅŜǎΦ 

4. Focusing the eyes on something stable 
 

5.5.3 Time Limit  

Due to the immersive experience of VR, it is very easy for a user to get lost inside and not realise 
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 30-60 minutes of usage. While taking breaks it is recommended to focus 



ά/ǳǘǘƛƴƎ-Edge Digital Skills for Professional Caregivers 

of Persons with Disabilities and Mental Health Problemsέ 

  

 112 
. 

 

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

European Commission support for the production of this publication does not 

constitute an endorsement of the contents, which reflect the views only of the 

authors, and the Commission cannot be held responsible for any use which may be 

made of the information contained therein. 

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 on the ǳǎŜǊΩǎ ōƻŘȅ ŀƴŘ ƳǳǎŎƭŜǎΦ  ¦ǎŜǊǎ 
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 Hygiene Protocol   

When multiple users wear the same VR headset, hygiene is the top priority, especially during the 
covid-мф ǇŀƴŘŜƳƛŎΦ ¢ƘŜ ƘŜŀŘǎŜǘ ŎƻƳōƛƴŜŘ ǿƛǘƘ ǘƘŜ ǳǎŜǊΩǎ ǎǿŜŀǘ ƘŜƭǇǎ ōŀŎǘŜǊƛŀ ŀƴŘ ǾƛǊǳǎŜǎ 
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. 

 

 

Figure 52: absorbent foam padding in VR headsets 

 

 Ways to minimize transferring bacteria and viruses from user to user: 

1. Face and hand washing: Each 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 paddings: 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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              Figure 53: VR paddings 

3. Using disposable VR masks: Disposable VR masks are fitted on top of the foam padding 
and they add an extra layer of protection. 
  

 

Figure 54: VR masks 

 

4. Towels: Each user should have their own towel to wipe their sweat every now and then, 
before it is absorbed by the headsetΩs foam padding. 
 

5. Using non-alcoholic disinfectant: Headsets and controllers should be wiped down before 
and after every use and once again before putting them away. It is very important not to 
use liquid disinfectant on the lenses to avoid causing damage. 
 

6. UVC Disinfectant Appliance: Ultraviolet germicidal irradiation (UVGI) is 
a disinfection method that uses short-wavelength ultraviolet (ultraviolet C or UV-C) 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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Figure 55: Ultraviolet germicidal irradiation disinfection method 

 

5.6: Troubleshooting Potential Sensory Challenges  
 

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 processing issues 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 hyper-sensitivity (i.e., over responsiveness) or hypo-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 who experience sensory 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 find 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 that their focus is on the task 
at hand, by limiting any interfering stimuli.  
 
However, the equipment may itself present as a stimulus that elicits hyper-sensitivities for 
individuals with ASD or IDD. Individuals may present with sensitivities to the headsets (e.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 
behavioural perspective, the intervention should be specifically 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 self-manage their reactions and 
become more comfortable 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 individual: To begin, the responses of the individual are 
operationalised 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 individual is then 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 that stimulus, 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 interact with the equipment 
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 

5.7.1 Definition 

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 the use of eye wearable devices, the user can add 
Ǿƛǎǳŀƭ ŀǎǎŜǘǎ ǘƻ ŀ ƭƛǾŜ ǾƛŜǿ ƻŦǘŜƴ ǳǎƛƴƎ ŀ ǎƳŀǊǘǇƘƻƴŜΩǎ ŎŀƳŜǊŀ ŀƴŘ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜƳΦ 

Above and similar to this technology, Mixed Reality (MR) is the combination of AR and Virtual 
Reality (VR). While wearing a particular type of headset, this new experience connects the human 
ŀƴŘ ŎƻƳǇǳǘŜǊ ŜƴǾƛǊƻƴƳŜƴǘ ǿƘŜǊŜ άƘƻƭƻƎǊŀƳǎέΣ ŘƛƎƛǘŀƭ ƻōƧŜŎǘǎ ŀƴŘ ǇƘȅǎƛŎŀƭ ƻƴŜǎ Ŏŀƴ Ŏƻ-exist and 
interact in real time. 

AR and MR technology have many similarities as they both visualize computer generated 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 (VR) ƳŀƪŜǎ ǳǎŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǘƘŜƛǊ ǎǳǊǊƻǳƴŘƛƴƎǎ ŎƻƳǇƭŜǘŜƭȅ ōŀǎŜŘ ƻƴ ǾƛǊǘǳŀƭ 
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 to a 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 point to physically stay in and not exiting while 
experiencing VR. 

Augmented Reality (AR) as it is said before is a real-world environment experience where the 
objects that reside in the physical space are made and enhanced by computer vision (computer-
generated graphics information). Usually performed within AR ready smartphone devices, users 
can add content in the physical environment 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 visualization. Mixed Reality is a hybrid of reality 
and VR where digital assets can interact with real objects under the laws of Physics. Simply wearing 
ŀ ǎǇŜŎƛŦƛŎ ǘȅǇŜ ƻŦ ƎƭŀǎǎŜǎ ǳǎŜǊǎ Ŏŀƴ ǎƛƳǳƭŀǘŜ ƛƳŀƎƛƴŀǊȅ ŜƴƘŀƴŎŜƳŜƴǘǎΣ άƘƻƭƻƎǊŀƳǎέ ƛƴǘƻ ǘƘŜ ǊŜŀƭ 
world as if they actǳŀƭƭȅ ŜȄƛǎǘ ƛƴ ǘƘŜǊŜΦ /ǊŜŀǘƛƴƎ άƘƻƭƻƎǊŀƳǎέ ƻŦ ǊŜŀƭ ǇŜƻǇƭŜ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜΣ ŘƛƎƛǘŀƭ 
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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 Reality (XR) is a technical term that covers all the previous technologies that enhance our 
ǎŜƴǎŜǎΣ ǿƘŜǘƘŜǊ ǘƘŜȅΩǊŜ ǇǊƻǾƛŘƛƴƎ ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŀŎǘǳŀƭ ǿƻǊƭŘ ƻǊ ŎǊŜŀǘƛƴƎ ǘƻǘŀƭƭȅ 
unreal, simulated worlds for us to experience. 

 

Figure 56: Virtual Reality Photo by Minh Pham on Unsplash 

 

 

Figure 57: Augmented Reality Game Pokemon Go. Pokemons appear in the physical world through the 
ƳƻōƛƭŜΩǎ ǇƘƻƴŜ ŎŀƳŜǊŀΦ  
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Figure 58: 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 dedicated to artificial reality. Within this room, projection and 
camera technology was used to emit onscreen silhouettes which surrounded users for an 
interactive experience. 

 

 

Figure 59: Videoplace, a laboratory dedicated to artificial reality 

 

Virtual Fixtures (1992): Lƴ мффн [ƻǳƛǎ wƻǎŜƴōƻǳǊƎΣ ŀ ǊŜǎŜŀǊŎƘŜǊ ƛƴ ǘƘŜ ¦{!C !ǊƳǎǘǊƻƴƎΩǎ wŜǎŜŀǊŎƘ 
[ŀō ŎǊŜŀǘŜŘ ά±ƛǊǘǳŀƭ CƛȄǘǳǊŜǎέΦ hƴŜ ƻŦ ǘƘŜ ŦƛǊǎǘ Ŧǳƭƭȅ ŦǳƴŎǘƛƻƴŀƭ !w ǎȅǎǘŜƳǎΣ ά±ƛǊǘǳŀƭ CƛȄǘǳǊŜǎέΣ 
allowed military personnel to virtually control 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 Innovation (1999): Back in 1999, NASA created a hybrid synthetic vision system of the X-38 
spacecraft. The system leveraged AR technology to assist in providing better navigation during their 
ǘŜǎǘ ŦƭƛƎƘǘǎΦ ¢ƘŜ !w ŎƻƳǇƻƴŜƴǘ ŘƛǎǇƭŀȅŜŘ ƳŀǇ Řŀǘŀ ǊƛƎƘǘ ƻƴ ǘƘŜ ǇƛƭƻǘΩǎ ǎŎǊŜŜƴΦ 

 

 

Figure 60: NASA's AR navigation system 

Volkswagen Marta App (2013):  Volkswagen debuted Marta app, a Mobile AR Technical Assistance 
which primarily gave technician step-by-stem repair instructions within the service manual. This 
adaption of AR technology was groundbreaking, as it could and would be applied to many different 
industries. 

 

Figure 61: Marta App. Article from psfk.com on Pinterest 

Google AR Glasses (2014): Google released in 2014 a pair of AR glasses that users could wear for 
immersive experiences. Capable of communicating with the Internet via natural language 

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. 

 

Figure 62: Google AR Glasses 

IKEA place App (2017): LY9! ǇƭŀŎŜ ǿŀǎ ŀ ƳƻōƛƭŜ !w ŀǇǇΦ !ŎŎŜǎǎƛƴƎ ǘƘŜ ƭƛǾŜ ǾƛŜǿ ƻŦ ǘƘŜ ǎƳŀǊǘǇƘƻƴŜΩǎ 
camera the customer could place visual elements in their home to see a live preview of the decor 
options before making a purchase.  

 

Figure 63: 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 of Mixed Reality. While letting users scan their surroundings, Hololens is able to visualize 
ŀƴŘ ŎǊŜŀǘŜ άƘƻƭƻƎǊŀƳǎέ ǘƘŀǘ Ŏŀƴ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ǘƘŜ ǳǎŜǊ ŀƴŘ ǘƘŜ ǇƘȅǎƛŎŀƭ ǿƻǊƭŘΣ ǇǊƻŘǳŎƛƴƎ ŀ ƘƛƎƘŜǊ 
level of an AR experience. However, due to its price it is not an everyday type of accessory. 


















































































































































































































































































































































































































































