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Connected Living
International and interdisciplinary conference on Friday, October 8th, 2021

Greetings
This publication is a collection of scientific contri-
butions around the interdisciplinary conference 
“Connected Living”, held at the Frankfurt Univer-
sity of Applied Sciences on October 8th, 2021, 
planned and carried out by the research center 
FUTURE AGING and the master course Inclusive 
Design ID (formerly BaSys). 
As one of the leading Universities of Applied Scien-
ces (UAS) in Germany, the Frankfurt UAS offers a 
broad range of study choices. Four faculties inclu-
de various bachelor and master courses, aiming to 
supervise and coach all students. 
Inclusive Design is one of the master´s programs 
and is unique in Germany. As an interdisciplinary 
program, it includes courses from three disciplines: 
Architecture, with the focus on Inclusive Architec-
ture; Computer Science and Engineering, with a 
concentration on Intelligent Systems; and Social 
Work and Health, with a focus on Digital Health 
and Case Management. Here, students from all 
three disciplines work together in interdisciplinary 
projects, aiming to develop and research inclusive 
solutions that enable people to live self-determi-
ned and independent lives, regardless of age and 
any functional limitations. 
FUTURE AGING is an interdisciplinary research 
center at the Frankfurt UAS with scientists from 

the fields of architecture, engineering and com-
puter science, economics and law, and social work 
and health. Research projects focus on new archi-
tectural and digitized concepts for housing and li-
ving and put the individual in the center of consi-
deration.
The conference „Connected Living“ sets its focus 
on specific research topics, connects inclusive li-
ving concepts, and explores them from different 
perspectives assigned to the subject areas of ar-
chitecture, engineering sciences, law and social 
sciences.  
This publication presents the complex demands 
towards an inclusive society. The interdisciplina-
ry and international cooperation makes the rele-
vance of the topic, the networking of the contents 
and the current state of research visible and at the 
same time aims to contribute to the discussion. 

Yours sincerely, 

Prof. Dr.- Ing. Caroline Günther
Program Director of Inclusive Design –  
Inklusive Architektur
Member of the board of FUTURE AGING
Member of research center FFin

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 





Chapter 1 

9 





11

1. Preventive concepts for the health care system - Architecture and Technologies

Smart Home and Assistive Technologies are developments that go hand in hand with the discus-
sion about an ageing society. The spectrum of technological developments ranges from preventi-
ve, comfort and monitoring approaches of the smart home to health-related apps and innovative, 
assistive technologies for more autonomy and participation in case of functional limitations, e.g. 
by supporting robotic systems. Questions that are being investigated are, on the one hand, what 
technological possibilities are already available today, what are the potentials and risks and what 
does this mean for the care structures and necessary service offers.

1.1 Healthy buildings supporting living and working of the ageing population
 Helianthe Kort (Utrecht University of Applied Sciences)

1.2 Towards qualification for health and social care professionals in the field of new technologies – 
the European project “DDSkills”
 Marina Weiland, Barbara Klein (Frankfurt UAS), Angela Riccio (Fondazione Santa Lucia, IRCCS, 
 Rome), Helena Lydon (National University of Ireland Galway), Foteini Paschou (To Ergastiri, Athen),  
 Maurizio Panzironi (Tandem Società Cooperativa Sociale Integrata, Rome), Francesca Schettini,   
 Mariagrazia D‘Ippolito, Donatella Mattia (Fondazione Santa Lucia, IRCCS, Rome),   
 Jennifer Holloway, Aoife McTiernan, Ciara Gunning (National University of Ireland Galway)

1.3 The importance of participatory design for the development of assistive robotic arms
Initial Approaches and experiences in the research projects MobILe and DoF-Adaptiv
 Annalies Baumeister, Elizaveta Gardo, Patrizia Tolle, Barbara Klein (Frankfurt UAS),  
 Max Pascher, Jens Gerken (W-HS, Gelsenkirchen), Felix Goldau, Yashaswini Shivashankar,  
 Udo Frese (DFKI, Bremen)

1.4 Connected Living: Re-purposing everyday digital technology for marginalised groups
 Ana-Maria Salai, Glenda Cook, Lars Erik Holmquist  
 (Northumbria University, New Castle, Großbritannien)

Person wearing VR glasses (M. Schmidt)

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 



DOI: 10.48718/azby-g782 



                                                                         

 
   

   
    

    

  
    

   
 

  
 

  
 
 
 

  
  

 
  

  

 

 

 

 

 Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

1.1 Healthy Buildings Supporting Living and Working of the Ageing Population 
Helianthe Kort 

Abstract 
The ageing population demands designing environments while considering their functional needs, desires and 

wishes. The ICF framework together with the gerontechnological principles can help to have focus on how to 

adjust or to (re)design the environment for this population. This paper focuses on building-related environmen-
tal factors including eHealth solutions. Knowledge and understanding of how the environment is perceived by 

older people help to set the building performance requirements and gives direction to improve our research to 

create healthy environments for future users. 

Keywords: Gerontechnology; enriched environments; participatory design; ICF 

Introduction 
Buildings are just objects and cannot heal or cure 

people. Buildings though can be designed such that 
people can experience discomfort and their health 

and wellbeing are hampered. This phenomenon is 

observed for instance in an office building that has 

a poor-quality indoor environment. The complaints 

that office users experience are grouped under the 

term Sick Building Syndrome (SBS). SBS comprises 

several vague complaints and symptoms such as 
headache, dry skin, dry eyes, sore throats, without 
having a known aetiology. In the previous century, 
SBS was predominantly reported by office workers, 
leading to less work performance and sick leaves 

(Teeuw, 1992). In some studies, ventilation shows to 

affect the prevalence of SBS while others could not 
find an association at all (Sundell et al., 2011). 

The societal challenges comprised in the social sus-
tainable goals of the United Nations and especially 
Goal 3, „Ensure healthy lives and promote well-
being for all at all ages“, established a paradigm 
shift from research on Sick Buildings to research on 
Healthy buildings. So, buildings that prevent peo-
ple to become sick and or buildings that support 
those with a chronic disorder. The latter is very 
much relevant from the perspective of an ageing 
population. World-wide, the population is ageing 

according to the Global Age watch index. The Glo-
bal Age watch index has compared the population 
in 2015 with the predicted one in 2050 when in a 
major part of the world 30% of the population will 
be 60 plus. Noteworthy is that not only Western 
countries are ageing but also so-called emerging 
markets, in Asia, as well as India and Brazil. Ageing 
even will occur in Africa (Global Age watch, 2015). 
Ageing will occur in these countries because peop-
le live longer, but also since young people migrate 
from (rural) areas to urbanized areas. 

Furthermore, 70% of the population will be li-
ving in an urban environment (Prüss-Üstün et al., 
2016). In the meantime, governmental policy de-
mands working to a higher age when compared to 
the past century due to the relatively good health 
of the ageing population. Also, ageing people have 
desires and ambitions to participate in society and 
age-in-place. For all of this, focusing on how to 
create healthy environments will contribute to the 
described societal challenges. 

Background 
Before elaborating on healthy buildings, let us first 
look back into history. Before Christ, the philoso-
pher Epicurus (341-270 BC) had a view on healthy 
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environments. Epicurus desired to have a happy, 
calm life characterized by ataraxia; peace and fear-
less and aponia; painless and enriched life by ha-
ving friends around. To reach this goal, home and 
garden were designed. Healthy buildings for happy 
lives. Elements needed were to include space to 
relax with friends, self-management, and financial 
independence. Elements that can be found in the 
principles of healing environments concepts. In 
these concepts, the focus is on how environments 
can contribute to the healing of patients while 
supporting staff personnel in their wellbeing and 
work performance (Huisman et al., 2012). In ana-
logy to the concept of the healing environment, 
we developed the concept of enriched environ-
ments. This concept was developed to be applied 
to long-term care facilities with residents of high 
age and frail health conditions. It relates to crea-
ting environments to support frail old people in 
their wellbeing and strive for meaningfulness whi-
le optimal supporting healthcare professionals to 
execute their work. Nowadays it is for example the 
famous architect Thomas Rau who works with the 
principles of healthy minds for healthy environ-
ments. In his view, we must be aware of the con-
sequences of buildings for sustainability purposes. 
I translate this view and the view from Epicurus in 
creating healthy environments for healthy minds 
and bodies.

In this paper though the focus is on ageing people 
that have a life with desires and ambitions to be 
active alongside their possibilities. The public con-
siders old people as having all kind of health con-
ditions and as people who need support. However, 
older people have a different view, they consider 
themselves as the individual they desire to be at 
a certain moment in time. Older people vary di-
vers. They can be highly physically active even at 
a higher age, or not at all. They may suffer from 
having cognitive disorders but still desires to par-

ticipate and be meaningful and connect to people 
who they love. We must consider that being old is 
not a disease. The process of ageing can be tho-
roughly healthy, and illness is not a necessary part 
of ageing. There are frail older people but also very 
vital people; independent living able to execute 
daily activities, active in sports such as walking but 
also skating or just reading a book or working as a 
voluntary worker or in a paid job.

ICF Framework and Gerontechnology Principles
Building environments should be designed to sup-
port or compensate for the limitations older peo-
ple experience while executing their tasks. This 
accounts for all buildings whether residential or 
offices or other working environments. The ap-
proach for creating healthy buildings and exami-
ning the interaction with users is by applying the 
WHO framework of the International Classification 

of Functioning and Disabilities (ICF) (WHO, 2001). 
In ICF environmental factors comprises from the 
perspective of the indoor environment, indoor en-
vironmental factors such as light, sound, air qua-
lity, temperature but also e-Health or e-assistive 
technologies (see Figure 1).

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

Figure 1: WHO-ICF framework with an emphasis on building-
environmental factors (Kort, 2012).
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Also, gerontechnological principles are relevant 
when creating healthy environments and for 
optimal implementation of eHealth or e-assistive 
technologies. Therefore, the age and technology 
generation matrix as well as the cross-fertilization 
matrix on gerontology and technology are relevant 
for the application of e-Health or e-Assistive 
solutions. The age and technology generation 
matrix illustrates the combination of stages of 
ageing with the different technology generation 
(Bronswijk van et al., 2009). To optimal embed 
an e-Health solution in the environment and for 
optimal use by ageing people it is relevant to 
consider the technology generation of the target 
group and to consider which gerontological 
conditions the technological solutions is aimed at. 

Figure 2 a) the Age and Technology (Bronswijk et al., 2009) 
generation matrix

Figure 2b) the Cross fertilization matrix for Gerontology and 
Technology (Bronswijk et al., 2009)

With the ICF-framework and the Gerontechno-
logical principles in mind we can start to design 
healthy environments for the ageing population.

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

Light, Vision and Sleep
For all people, light is relevant for our body and 
mind. (Day)light has effects on our visual and 
non-visual functioning. Light is electromagnetic 
radiation in the visible part of the spectrum that 
influences human performance (Boyce, 2014) 
and thus also older people. Ageing adults (60 
plus) need three times more light than their 
younger cohorts (20 minus) for comfortable visual 
functioning due to the biological ageing of the 
eyes (Watson, 2001, Bouma et al, 2006). With 
age also colour discrimination (blue, green and 
violet) decreases due to the yellowing of the lens 
but also the amount of light that reaches the lens 
is less. Older people may suffer from Cataracts, 
Glaucoma, Macular Degeneration or Diabetic 
Retinopathy (Boyce, 2014), which limits their 
visual functioning and restrict their participation 
in society. A previous study by Sinoo et al showed 
that almost all the examined nursing homes did 
have lighting conditions below the threshold 
of 750lx and a correlated colour temperature 
below 5000K (Sinoo et al., 2011). This meant 
that the residents were living in a relatively dark 
environment. In some cases, an illuminance of 
200lx was measured in the common rooms. Care 
professionals are still unaware of the benefits of 
daylight on frail people. Their perspective is to 
create a cosiness and ambience environment. 
Light though also might have negative effects; 
people with cataract are sensitive to glare and 
older people recover slower from glare; flickering 
and stroboscopic light effects may hinder the work 
performance whereas exposure to low correlated 
colour temperature negatively affects the non-
image-forming effects that regulate the circadian 
system. Poor light conditions may also increase fall 
risks in combination with worse or uncomfortable 
visual functioning.
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Exposure to daylight is also relevant for a good night 
sleep because lights regulate the circadian system 
(biological clock). Older people can experience 
poor sleep quality either due to a chronic condition 
(dementia syndrome) or due to the care burden 
that they have while taking care of their loved 
ones. More than 50 % of the family carers of people 
with dementia experience extreme care burden 
(Alzheimer Nederland, 2019). This contributes to 
suffering poor sleep quality (Ryuno, et al., 2020). 
Poor sleep quality is a risk for amyloid deposition 
in preclinical Alzheimer disease (Ju et al., 2013). 

From the perspective of light and vision, older 
people need to be exposed to daylight to obtain 
an appropriate circadian rhythm, have light 
conditions with at least 750 lx for optimal visual 
functioning. Furthermore, poor light conditions 
need to be avoided for better sleep quality and 
reduction of fall risks. Currently, the adagio is light 
is medicine; to have a good night sleep, to be alert 
and motivated during the day, and for optimal 
visual functioning. 

Sound and Hearing 
When ageing, also hearing loss will occur. Therefore, 
it is highly relevant to design optimal acoustical 
conditions and avoid unwanted sound (noise) for 
daily functioning at work or home. Older people 
might not be aware of the deterioration of hearing 
functioning. They will develop personal strategies 
to cope with the hearing loss. Hearing loss can 
of course be compensated using hearing aids 
since not all environments (e.g., railway stations) 
can be modified in a way comfortable for older 
people. At home, work or at the residential care 
facility, though the environment can be adjusted 
or designed to fit for comfortable and functional 
hearing. A study by Huisman et al. showed that in 
long-term care facilities the acoustical condition is 
not as desired (Huisman et al., 2017). The averaged 
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reverberation time, background noise and the STI 
were measured. The STI stands for the speech 
transmission index expressing speech intelligibility. 
A value below 0.3 results in unintelligible speech. 
The sound environment is being characterized by 
room acoustics and sound sources. Room acoustic 
parameters depend on the location of sound 
sources, receivers, space typology, source type 
and the behaviour (Reinten et al., 2017). Older 
people are sensitive to noise in their environment 
therefore, the acoustical climate should not be a 
barrier to their functioning. Reduce noise levels 
in health care facilities has been associated with 
reduced stress, fatigue, and increased satisfaction 
(Ulrich et al., 2008). So, this needs to be considered 
in working environments where older people work. 
In environments where older people work or 
live the speech transmission must be considered 
when designing a healthy environment. Speech 
transmission quality is highly relevant in spaces 
where social interaction takes place. 

Illustration from Practice 
In the project Creating enriched environments 
in long-term care facilities (Huisman et al., 2020; 
Huisman et al., 2017) the ICF framework was 
applied for the environmental factors light and 
acoustic in combination with the use of the 
mentioned gerontechnological principles. The 
project comprises two common living rooms 
in a long-term care facility. During the day 
approximately 12 residents with neurological 
disorders as dementia resided. The common 
rooms are mirrored rooms. One room was kept 
as such (reference room) while in the other 
interventions were made. Interventions included 
the change of the room layout to enhance the 
sightlines, the lighting and acoustical conditions. 
So light and acoustical conditions as environmental 
factors according to ICF were central, while from 
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gerontechnological perspective the focus was 
on the 4the age (frailty) and the mechanical 
generation (Figure 2a) while applying the cross-
sectional matrix the focus was on the cross-section 
of architecture and construction (technology) and 
(social) psychology (gerontology) (see figure 2b). 
In figure 3a and b the two rooms are illustrated. 
Figure 3a is the reference situation whereas figure 
3b is the room with the intervention. The results 
were that the horizontal illuminance (Ehor) was 3 
times higher, the vertical illuminance (Ever) was 
1.5 higher and the correlated colour temperature 
increased with 1.02 in the intervention room 
when compared to the reference room (Huisman, 
2019) while the acoustical conditions for the 
reverberation time, was decreased with more 
than 50% and STI went from 0.62 to 0.74 in the 
intervention room (Huisman et al., 2017).

The acoustical conditions improved by installing 
sound absorption panels. Light conditions were 
improved by using innovative light ceiling panels 
as well as a smart daylight sensor to mimic the 
dynamic of daylight. After the interventions, 
observations showed that residents of the 
reference room were often present in the adapted 
room. Professionals indicated via interviews that 
they preferred this room over the reference room 
due to having a better eye on the residents and 

easier communication with the residents. So, the 
interventions had positive effects as expected. 
The only negative effect in the first week was that 
professionals reported that they cannot operate 
the daylight sensor. This was an omission at our 
sight. Though professionals did participate from 
the start of the project and shared their desires 
and wishes, the designed intervention did not 
include their technology generation level and 
skills. Furthermore, until now the gerontechnology 
matrixes focus on the needs of one type of user. We 
also should have walked through the intervention 
strategy from the perspective of the professionals.

Figure 3a: reference situation, Picture by Femke van den 
Heuvel (Huisman et al., 2020)

Figure 3b: the intervention room, Picture by Femke van den 
Heuvel (Huisman et al., 2020)

HVAC 
HVAC stands for Heating Ventilation and Air 
Conditioning. HVAC systems are installed to control 
the indoor air quality, ventilation, and temperature 
conditions. Aging adults perceive temperature 
conditions different than younger people due 
to changes in the circadian rhythmicity in body 
temperature, decline in basal metabolism and less 
physical activity. In most buildings these aspects 
are not considered.

Designing is focused on younger cohorts. Buildings 
where people with dementia live should also 
consider that people with dementia could have a 
delayed response on a certain thermal condition 
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(Hoof van et al., 2010). Control of the Indoor air 
and temperature conditions can also be smart 
regulated. In offices devices can be installed 
according to the personal preference of a worker 
and or aligned with seasonal influences. At home 
people can have control on their environment. A 
study with healthy students about the influence 
of window opening on sleep quality showed 
that sleeping with windows or door opens has 
a positive effect on sleep quality (Mishra et al., 
2018), whereas the study involving older people 
showed that there was no effect on the sleep 
quality. This could have been caused due to the 
lack of monitoring daytime sleep (naps). Our 
protocol followed the one for healthy students. In 
future, we need to focus on needs and lifestyle of 
older people before inviting them to participate in 
research. 

e-Health 
e-Health solutions, such as the use of apps 
on mobile phones, or tablets, or e-assistive 
technologies, or (social) robots are also 
environmental factors that can be used to close the 
gap of the functional threshold and the functional 
loss for optimal participation and execution of 
daily activities. These technological innovations 
can be embedded in building systems or be 
stand-alone solutions. Technological innovations 
for ageing people are though mostly not aligned 
with the technology generation of the targeted 
users. Furthermore, the users could be unaware 
of the level of technological innovations and or 
technology solutions are applied though users lack 
the skills for optimal use. For the use of e-Health 
solutions, ageing people need to have or obtain 
digital skills. They also should be willing to use 
e-assistive technology to not be limited in their 
activities or restricted in social participation. Ageing 
people seem to be willing to use e-Health. Also, 
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these solutions should fit the design preference 
of older people‘s home- or working environment. 
Readiness to use e-Health technologies by older 
adults seems to be related to self-efficacy and older 
people‘s actual use of technology. Self-efficacy 
and digital literacy are playing a relevant role to 
use technology (Houwelingen van et al., 2018). 
Another study focusing on e-Health for people 
with COPD revealed that age, education degree, 
income, physical functioning (including arthrosis 
of the hands), and ethnicity are predictors for use. 
A higher physical functioning results in more ICT 
use (Vorrink et al., 2017). This shows that e-Health 
for physical functioning also will contribute to ICT 
use either in the home or working environment. 

In the working environment, the use of robots 
contributes to keeping ageing adults in the 
workforce. Robots can be part of the work process 
to ease the way of working of (older) people as is 
the case for industrial/collaborative robots or they 
can compensate for the loss in functional capacity, 
or support functioning e.g. for lifting heavy weights 
or for the decline in cognitive capacity e.g. for the 
response latency. This is increased due to ageing 
and influences the lead time in production and 
distribution systems (Bogataj et.al., 2019). Other 
robots that may play a role in ageing people lives 
are social robots. This will be addressed in the 
second illustration for practice. 

Before describing this the pyramid of technology 
will be discussed. The pyramid of technology, a 
model by van Mensvoort (Mensvoort van 2013), 
describes in analogy with Maslow‘s Hierarchy 
of needs for human requirements, the levels of 
technologies. The pyramid of technology model 
is developed as a tool for inventors, engineers, 
designers, and entrepreneurs to be aware of 
the playing field of technological development. 
We have experienced that it also works as an 
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excellent tool for researchers and health care 
workers to be aware of the level of a technological 
innovation. The lowest level being technology that 
is envisioned (ideas or incubators). The second 
level is the operational level concerning proof of 
concept or prototypes. The third level is the level 
in which technology gets from lab to society. 
In most cases, this is a level at which e-Health-
related technology is being tested in health care 
settings. In practice, people are not always aware 
that when working on projects with technological 
innovations, these are still on this level. The other 
levels are illustrated in figure 4.

Figure 4: Pyramid of Technology (Mensvoort, 2013)

Figure 5: Care Robot ZORA (Chantal Huisman)

Illustration from Practice
In the project the social robot (NAO-type) ZORA 
(see figure 5) was evaluated for use in 14 nursing 
home organizations (15 locations) in the period 
from May 2016 – November 2016 and from April 
2017 – December 2017. The robot was used for 
social activities and entertainment (Huisman & 
Kort, 2019). Care professionals were given all 
possible support (time, training, and ICT support) 
to present the robot to the residents. This was 
mostly done in group sessions and occasionally in 
a one-on-one session.
Applying the gerontechnological principles, the 
project targeted older people in the 4the age (frail 
and dependent) and the mechanical generation 
when looking at those using/playing with the 
robot. The purpose was to entertain resident while 
contributing to social participation and quality 
of life via given enjoyment with ICT (robots) see 
figure 2b. At the same time care professionals 
were also a target group. They varied in age and 
in technological experience. Some of the findings 
regarding the barriers were that at most locations 
there was poor Wi-Fi connection, software 
failures, poor speech intelligibility of the robot for 
the residents, and just too complicated to program 
activities on the ZORA. Facilitators amongst others 
were that clients liked ZORA’s activities, pre-
programmed music makes residence reminisce 
and the music encouraged residents to move. Staff 
highly appreciated the training and instruction 
sessions, the availability of the helpdesk, and the 
meetings with all the project leaders at a location 
(Huisman & Kort, 2019). While monitoring and 
evaluating the implementation of the robot in the 
nursing homes we noticed that board members 
and management did expect that the robot was 
on a level of acceptance according to the pyramid 
of technology. The perception of the company that 
delivered ZORA was though that the robot moved 
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back and forth from the operational level to the 
applied level. So, although both residents and 
staff were open to using the robot, the robot still 
went through some design iterations. That is what 
the company did expected that would happen, 
while the nursing home organizations expected to 
work with a robot ready for practice. Therefore, it 
is highly relevant to be aware of the level of the 
technological innovation, the target group(s), and 
have a mutual agreement of what is expected of 
an implementation project when also involving 
frail older people and care professionals that 
have a different experience in using technology. 
They might need special attention in training their 
digital skills. 

To Conclude 
Environmental factors influence (older) people 
performance. For older people, a better 
understanding is needed about the interaction 
between these factors and their daily activities. 
Furthermore, the ICF framework together with 
the gerontechnological principles help to have 
focus in creating healthy environments. From the 
presented findings guidelines can be developed 
for engineers, designers, installers, facility 
management and care professionals. 
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1.2 Towards Qualification for Health and Social Care Professionals in the Field of Digital 
Technologies – the European Project “DDSkills“ 
Marina Weiland, Barbara Klein, Angela Riccio, Helena Lydon, Foteini Paschou, 
Maurizio Panzironi, Francesca Schettini, Mariagrazia D’Ippolito, Donatella Mattia, 
Jennifer Holloway, Aoife McTiernan and Ciara Gunning 

Abstract 
The possibilities of digital technologies for people with disabilities or the older population are wide-ranging, 
but in order for all people to be able to participate in an increasingly „digital world“, it is important to qualify 

professionals and organizations so that they are able to support, advise and help with potential risks. The ar-
ticle presents results of a survey among health and social care professionals in seven European countries with 

regard to qualification in this domain and introduces the European Union funded project DDSkills. The project 
aims to qualify health and social care professionals in areas such as digital Assistive Technologies, Smart Home, 
Robotics, Virtual and Augmented Reality and Brain-Computer-Interface, as well as their implementation and 

application, in order to support people with disabilities or functional decline to increase their independence 

and social participation. 

Keywords: Qualification, Digital Technologies, Assistive Technology, Health and Social Care, Professionals 

Introduction 
Digitalization offers a great potential for elderly, for 
people with disabilities or functional limitations, as 

well as for care providers on an informal or formal 
level. Digital Assistive Technology (AT) can contribute 

to increase autonomy and participation, as well as 

to improve quality of care, safety and security (Klein 

& Oswald, 2020). For relatives and professional 
groups, AT can relieve physical and mental burden. 
In addition, many technologies such as tablet-PCs/ 
smartphones or Virtual Reality, whose primary pur-
pose did not target the health or social care system, 
have been adopted and currently offer new possibi-
lities in the health and social care sector. 

In order to be able to offer new digital technolo-
gies to clients or to use them in organizations, it is 

important to know relevant products and systems. 

Furthermore, in order to be able to advise and guide 

clients to properly use AT and to prevent harm, it 
is important to be informed on the necessary pre-
requisites and possible consequences (Reichstein, 
2016; Mayerle, 2019). 

In recent years, initiatives have been formed to es-
tablish core competencies in ICT (Information and 

Communication Technology) and to implement 
them in the curricula of health and social care degree 

courses. However, in many European Union (EU) 
countries, there are still few possibilities for continu-
ing professional development in digital technologies 

for health and social care workers (Fondazione Santa 

Lucia, FSL, 2020). In this article, a multinational ap-
proach to create a certified qualification on digital 
technologies for this specific group is presented. 
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Impact of New Technologies on Care for the 
Elderly and People with Disabilities 
The opportunities offered by digitalization lie in pro-
moting participation in social life, self-determination 

and independence as the following examples show: 
• From early in childhood, digital technologies 

in form of communication aids with speech 
output can enable children to communicate 
with their environment and their peer group 
and thus lay foundations for a self-determined 
life and reduce the high risk of „doing disabili-
ty“ (p. 1088), i.e. the reinforcement of disabili-
ty from outside (Najemnik & Zorn, 2016). 

• Accessible hardware and software solutions 
increase the possibilities for participation in 
education and work, as physical and sensory 
limitations can be compensated. This can se-
cure employment for people with disabilities 
and so reduce social exclusion (Meisen & Vie-
ritz, 2019) 

• In everyday life, smartphone apps can naviga-
te the way for blind people, and people with 
hearing loss benefit from messaging services 
in written communication or the possibility of 
buying or going to the authorities online. In 
addition, devices such as smart phones, smart 
watches and tablets do not have the often sub-
jectively experienced stigma of needing help 
associated with traditional Assistive Techno-
logy has (Kreidenweis, 2018). This in turn can 
change the image of people with disabilities in 
society and strengthen inclusion. 

• Ambient Assisted Living (AAL) applications 
in form of sensor systems for homes make it 
possible for older people to remain in their 
home environment or they can facilitate sup-
ported living for people with disabilities. For 
example, falls can be detected or prevented 
by lighting systems when leaving the bed, fire 
and water damage can be prevented by auto-

Interdisciplinary-Student-Projects | Authors 

matic switch-off systems or it can be registered 
when a person leaves the home and, if neces-
sary, the location can be forwarded to a sto-
red care services or to relatives (Kunze, 2018; 
Daum, 2017). 

• Robotic systems are also likely to have an in-
creasing influence in the area of care. Here, 
for example, telepresence robots offer oppor-
tunities for flexible assistance from caregivers 
or relatives, or to receive medical care such as 
video consultation (Klein et al., 2018). For peo-
ple with mobility restrictions, robotic arms can 
provide increased autonomy from other peo-
ple’s help (Klein & Baumeister, 2020). 

However, there are also dangers of the digital 
transformation in this field in two major areas in 
particular: On the one hand, elderly or people with 
disabilities are likely to be excluded from the pro-
gress of the digital transformation and thus, are 
subject of disadvantage, as everyday applications 
such as making reservations or buying goods are 
increasingly shifted to the internet and are there-
fore more difficult to access for non-users (Pelka, 
2018). On the other hand, there is the risk to beco-
me a victim of attacks on personal privacy or data 
or to suffer financial loss due to insufficient digital 
literacy and limited understanding of technology 
(Reichstein, 2016). 

Reasons for poorer access to information techno-
logies can be a result of a lack of equipment or of 
technical assistance systems for the use of devices, 
which can be caused by limited financial resources 
or also by skepticism on the part of social instituti-
ons towards technical innovations in the sense of 
a protective/patrimonial attitude towards persons 
with disabilities (Mayerle, 2015). If appropriate de-
vices are available, a lack of application know-how 
and the limited availability of accessible services, 
for example in plain language, are further hurdles 
(Reichstein, 2016; Bosse & Haage, 2020). 
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Impact on Social and Health Care Profes-
sions 
Digitalization promises the professional groups op-
portunities to save time in their stressful everyday 
work and to reduce physical strain, for example 
through electronic documentation systems with 
mobile devices and technical assistance systems 
(Daum, 2017). Additionally, avoiding an early exit 
from work by providing support for physically or 
mentally difficult tasks can be a measure against 
the increasing shortage of skilled workers in the 
health and social care sector (BMAS, 2017). In the 
near future, this could be achieved through trans-
port robots, exoskeletons to assist with heavy lif-
ting, intelligent lifts that move to the bedside and 
sensor systems that can detect irregularities in the 
activity or range of motion of patients or clients 
(Daum, 2017). 

Towards their clients and patients, the professio-
nal groups in the health and social care sector are 
increasingly taking on the role of advisors with re-
gard to new technologies, which requires special 
competences in education and training (Kuhn et 
al., 2019). Nurses and therapists need to be able 
to competently guide the use of software and 
hardware, but also to identify potentials and risks, 
which require a basic technical understanding of 
the technologies. For example, these can be sen-
sor systems in nursing care, rehabilitation robotics 
in physiotherapy or communication apps in speech 
therapy. 

In the pedagogical field, media education has to 
be provided for people with little knowledge of 
information technologies. Therefore, several skills 
are necessary in order to educate these people ab-
out the potentials and dangers of using apps and 
communication services on the internet, and thus 
protect them from financial damage and abuse 
of personal privacy. In addition to technical and 
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social media skills, knowledge of relevant ethical 
aspects and data protection as well as the ability to 
communicate the opportunities and risks of these 
developments will be needed (Reichstein, 2016; 
Mayerle 2019). Social work and education scien-
ces, as well as welfare providers, are addressed 
here to present corresponding concepts and offers 
(Pelka, 2018; Vilain & Kirchhoff-Kestel, 2018). 

Implementation of Digital and Technical 
Skills 
Nursing, therapeutic or educational professions 
are – at least in Germany – often said to have a 
low affinity for technology per se and a low level 
of enthusiasm for new media (Rösler et al., 2018; 
Najemnik & Zorn, 2016; Ritterfeld & Hastall, 2017). 
But contrary to this popular opinion, many studies 
showed a general open-mindedness towards vari-
ous new technologies (Claßen et al., 2010; Merda 
et al., 2017; Bräutigam et al., 2017; Rösler et al., 
2018). However, this presupposes that technology 
is not perceived as an instrument of performance 
control and effectiveness increase and as a reduc-
tion of the contact to the person concerned, but 
as an added value in the quality of care. Additio-
nally, it could also be seen that technologies were 
evaluated more positively if they were known and 
could be used properly (Merda et al., 2017). 

On the other hand, large gaps in education and 
training are described (Rößler et al., 2018) and low 
involvement of the professional user group in the 
development of digital technologies as well as in 
the introduction and evaluation at the workplace 
is criticised (Bräutigam et al., 2017). 

To address the issues of low qualification and invol-
vement, several initiatives towards the implemen-
tation of ICT knowledge for health and social care 
staff have been established and competences and 
skills were specified (Brunner et al., 2018; Hübner 
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et al., 2017). Within the international TIGER ini-
tiative (Technology Informatics Guiding Education 
Reform) and under the umbrella of the EU Horizon 
2020 project ‘EU*US eHealth Work’ the Interna-
tional Recommendation Framework of Core Com-
petencies in Health Informatics 2.0 was developed 
(Hübner et al., 2019). The HITComp Database (hit-
comp.org), which was a part of the project, now 
defines more than 1,000 competences for diffe-
rent professional roles in the health sector. 

Many universities have started to implement de-
gree programs on ICT for health and social care 
professionals at Bachelor or Master level. One 
example is the Master’s degree “Inclusive Design 
(ID) – Digital Health and Case Management” at 
Frankfurt University of Applied Sciences which is 
an interdisciplinary program together with the two 
other fields “ID – Inclusive Architecture” and “ID – 
intelligent systems” (Frankfurt UAS, n.d.). To a les-
ser extent, this seems to be the case for vocational 
trainings for people already working in their job.

Country  Partner 

•       Sillogos goneon ke kidemonon atomon me anapiria TO ERGASTIRI 

•       THEOFANIS ALEXANDRIDIS KAI SIA EE (OMEGATECH)
•       SenseWorks LTD 

Ireland •       National University of Ireland Galway (NUIG)

Germany •       Frankfurt University of Applied Sciences (Frankfurt UAS)

•       Fondazione Santa Lucia (FSL) 
•       TANDEM SOCIETA COOPERATIVA SOCIALE INTEGRATA  (TANDEM)

Lithuania •       Jaunuoliu dienos centras (JDC)

•       M.M.C Management Center Limited (MMC)
•       Cyprus Certification Company (CCC)

•      European Association of Service providers for Persons with Disabilities (EASPD)
•      Federation of European Social Employers (Social Employers) 

Greece

Italy

Cyprus

Belgium 

Table 1: DDSkills Partners (authors figure)

The Project DDSkills 
To address the issue of low qualification measures 
in the field of digital technologies in the health and 
social care sector, the European research project 
DDSkills1 was formed by a consortium of 12 part-
ners from 7 EU countries (table 1).

Need for Qualification
To gain an insight into the needs of health and so-
cial care staff in Europe concerning specific tech-
nologies, the partners of the Erasmus+ project 
DDSkills, conducted a web research on the offer 
of qualification courses in their countries (Cyprus, 
Germany, Greece, Ireland, Italy and Lithuania) and 
asked health care professionals for their opinion. 

Web Research for Training Courses
The web research was carried out in six countries: 
Greece, Lithuania, Ireland, Germany, Italy and Cy-
prus) (FSL, 2020). The following keywords were se-
lected for the research:

1 DDSkills – Cutting-Edge Digital Skills for Professional 
Caregivers of Persons with Disabilities and Mental Health 
Problems, funded by the European Union’s Erasmus+ 
Programme (Grant: 612655-EPP-1-2019-1-EL-EPPKA2-SSA), 
2020-2022
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• Digital skills (topics): Robotics, Virtual Reality 
(VR) / Augmented Reality (AR), Smart Home, 
Ambient Assisted Living (AAL), eHealth, Assis-
tive Technology / Devices (AT), Augmentative 
and Alternative Communication (AAC), Brain-
Computer Interface (BCI), Telemedicine, Sen-
sors 

• Professionals (multidisciplinary team): Oc-
cupational Therapists, Psychologists, Social 
Workers, Nurses, Special Education Teachers, 
Gerontologists, Physical Therapists, Curative 
Educators, Speech and Language Therapists 

• Population (persons in need): Intellectual Disa-
bility, Cognitive Disability, Mental Health Disor-
ders, Old Aged, Functional Loss, Motor Disabi-
lity 

The web research took place in spring 2020, befo-
re the Covid19 pandemic, so it was not influenced 
by course cancellations. 

The research resulted in 91 courses in the named six 
countries, with 25 courses in Germany, 20 courses 
in Ireland, 19 in Cyprus, 18 in Italy, 9 in Greece and 
no courses in Lithuania. 52 courses were offered in 
face to face modality, 32 were online courses, and 
8 courses were offered in blended learning, which 
means a mixture of online- and face-to-face parts. 
Most courses were on the topic of Assistive Tech-
nology (30%), which is a broad topic containing 
multiple subtopics, followed by Telemedicine and 
eHealth (15% each), Augmentative and Alterna-
tive Communication (11%), Ambient Assisted Li-
ving (7%), Smart Home (7%), Virtual & Augmented 
Reality (6%) and courses in other areas. Courses 
on emerging fields such as robotics and BCI were 
hardly available. VR and AR courses could not be 
found in Germany and Italy. 

The courses addressed all professions, but especi-
ally therapists and nurses. Course contents – when 
specified – mainly focused on people with motor 
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disability, functional loss (mobility, communica-
tion, self-care), people with intellectual and cog-
nitive disabilities, and elderly people (FSL, 2020). 

Focus Groups / Survey with Professionals 

To understand the current situation regarding di-
gitalization and the need for qualification, focus 
groups were planned in all the participating count-
ries. Due to the beginning of the Covid19 pande-
mic, they had to be conducted as written only sur-
vey in some countries (Italy, Germany, Lithuania, 
Cyprus) and as online focus groups in others (Ire-
land, Greece). 

68 professionals from different fields such as nur-
sing and geriatric care, neurorehabilitation, special 
education for children with disabilities, social care 
work, or rehabilitation took part (FSL, 2020). The 
number of participants was not representative, 
but meant to give some insights into current prac-
tice. 

The results can be summarized as follows: Asked 
for technology the participants use, almost all of 
the participants said they used digital devices such 
as a PC or tablet at work. Low-tech Assistive Tech-
nology (switches, joysticks, motorised wheelchairs; 
remark: mid-tech AT was included here) and Assis-
tive Technology software (mobile Apps, Augmen-
tative and Alternative Communication software) 
was also common. The least used technologies 
were Virtual and Augmented Reality, robotics, 
Smart Home technology, Ambient Assisted Living 
(AAL) technology, and Brain-Computer-Interface. 
Regarding professional trainings, 60% reported not 
to attend regular courses (no training per year). 
Reasons were the lack of interesting courses, fol-
lowed by the lack of time and expansive costs. Ne-
vertheless, all participants agreed that digital and 
technology skills should be taught in their work-
place because it would offer them additional and 
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better options for their job (76%). More than half 
of the participants (56%) also specified that better 
digital skills would speed up their daily activities. 
When asked which technology would be most ef-
fective for their job or which one they would like 
to learn, the participants listed in order of prefe-
rence: Digital devices, AT software, VR/AR, robo-
tics, low tech AT devices, high tech AT devices, and 
Brain-Computer-Interface. 

When asked about their preferred modality, most 
people chose preferred a blended-learning ap-
proach. Improving practical skills was expressed to 
be the prior goal of training, followed by general 
knowledge about existing digital tools and theore-
tical notions (FSL, 2020).

MOOCS on Digital Technologies 
A recent trend for self-learning are so called 
MOOCs (Massive Open Online Courses). These are 
free video-based online courses, which are world-
wide available for asynchronous learning on online 
platforms. The courses are often offered by univer-
sities or experts on specific fields, most students 
attending them have an academic background (Ba-
turay, 2015). 

In spring 2020, 15 courses on relevant skills could 
be identified by the DDSkills project partners on 
nine platforms: Coursera, edX, FutureLearn, Ude-
my, UrAbility, HomeMentors.com, Springboard 
courses, OnlineTherapyInstitute and AAC Institute. 
The courses were all in English and covered the to-
pics Virtual Reality (3 courses), robotics (3), smart 
home (1), eHealth (1), Assistive Technology (1), 
AAC (1), BCI (1), and Artificial Intelligence (1) (FSL, 
2020). None of the courses apparently linked mul-
tiple technologies.

The DDSkills Curriculum
The project DDSkills aims to develop a certified 
training course for professional caregivers to teach 
them competences and skills in new technologies 
and services.
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Figure 1: Not very common yet: The telepresence robot TEMI 
and the small companion robot NAO (M. Weiland)

Figure 2: Person wearing VR glasses (M. Schmidt)

https://HomeMentors.com
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Field of new technology: 

Assistive Technologies and 
Aids

Starting with an overview and explanations of terms and concepts, devices and applications 
for people with specific disabilities are presented and related concepts such as Digital Health 
are described. Furthermore, additional factors to improve acceptance and usability are 
addressed.

Smart Home
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.

Robotics
Information on three areas of application of robotic systems are given: rehabilitation, 
robotics to support caregivers and other staff and robotics for support at home. Advantages 
and possible issues are addressed.

Virtual and Augmented 
Reality

Skills training with VR and AR is presented and research evidence and recommendations for 
providing a supportive and beneficial learning experience for individuals with Autism 
Spectrum Disorder and Intellectual Disabilities are outlined.

Brain-Computer-Interface 
(BCI)

Brain-computer interfaces (BCIs) is described as a possibility to intentionally modulate brain 
activity, to train specific brain functions, and to control prosthetic devices, so that lost 
functions such as communication and control of the external environment can be enabled in 
persons with severe diseases and motor impairment

Table 2: Digital Technologies covered in the DDSkills Curriculum (authors figure)

Content of the Curriculum 
The topics in the curriculum will be varied, cover-
ing the broad field of Assistive Technologies, ex-
plaining smart home technologies, describing ro-
botics in health and social care and skills training 
with VR and AR as well as explaining Brain-Com-
puter-Interface (descriptions in table 2).

Additionally, application knowledge and methods 
(Social network development, Therapeutic Role 
Playing) will be provided to bring technologies into 
practice. Aspects such as ethical considerations, 
self-advocacy and acceptance as well as ecological 
sustainability issues are also included to promote 
decision-making in caregivers working with people 
with disabilities and mental health problems.

Professionals addressed are especially occupatinal 
therapists, psychologists, social workers, special 
education teachers, nurses, gerontologists, and 
rehabilitation experts. The developed course cur-
ricula, contents, methods, and tools will be evalua-
ted in piloting trainings with members of different 
professional groups from six countries (Cyprus, 
Germany, Greece, Ireland, Italy, Lithuania).

Structure of the DDSkills Course 
Attending professionals will be able to complete 
the course in two ways as described in figure 1. Pa-
thway 1 will be the face-to-face approach with the 
handbook for self-directed learning and classroom 
teaching. Pathway 2 is an asynchronous approach 
with also the handbook for self-directed learning 
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Figure 3: The two learning pathways of the DDSkills 
qualification approach (DDSkills Course Plan, 2021)

and an online webinar in the form of a MOOC. A fi-
nal assessment consisting of multiple choice ques-
tions has to be passed to receive a certificate. 

Furthermore, a toolkit will be provided to facilitate 
practical learning in the face to face condition. The 
toolkit will contain: 
• A VR application offering social skills training to 

individuals with autism 
• An AR application for people with mental di-

sabilities promoting self-advocacy through role 
playing 

• A telepresence robot that will be connected to 
a smart home toolkit 

The applications will be open-source so that anyo-
ne with corresponding hardware can use them in 
self-directed learning as well. They will be for And-
roid as well as for iOS. 

Qualification
The course will contain 180 hours of learning ma-
terial and will provide ECVET points (European Cre-
dit system for Vocational Education and Training, 
European Commission, n.d.) with the certificate. 

The qualification will refer to EQF level 5, within 
the European Qualification Framework (EQF), “an 
8-level learning outcomes-based framework for all 

types of qualifications that serves as a translation 
tool between different national qualifications fra-
meworks” (Europass European Union, n.d.) 

Perspectives
During the Covid19 pandemic many organizati-
ons, institutions, and companies started to produ-
ce webinars on topics of new digital technologies 
for people with disabilities or of old age, because 
conferences, further education trainings and fairs 
could not take place. Through to these, knowledge 
about new technologies was spread on an inter-
national level and new innovations were made 
more known. However, these webinars are often 
in English language and it is more than questiona-
ble whether relevant professional groups, especi-
ally from non-academic professions and in direct 
patient care, are reached.

As experiences from the partner countries of the 
DDSkills project showed, many digital technologies 
are not well known within the profession groups 
and are not common in institutions. Therefore, 
there is often no reason for the employees to at-
tend further training in this area. However, this in 
turn means that products that are already on the 
market do not reach the people who can benefit 
from them, and moreover, that technologies are 
then not further developed to meet the needs of 
these people and the professionals. 

This “vicious circle” can be interrupted by organi-
sations that put digitalisation on their agenda and 
enable their employees to become familiar with 
new technologies. The DDSkills curricula will offer 
opportunities to become acquainted with digital 
technologies in the field of health and social care 
and to be able to develop perspectives for people 
with disabilities, in old age or with chronic disea-
ses. 
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1.3 The Importance of Participatory Design for the Development of Assistive Robotic 
Arms. Initial Approaches and Experiences in the Research Projects MobILe and DoF-
Adaptiv 
Annalies Baumeister, Elizaveta Gardo, Patrizia Tolle, Barbara Klein, Max Pascher, 
Jens Gerken, Felix Goldau, Yashaswini Shivashankar, Udo Frese 

Abstract 
This Article introduces two research projects towards assistive robotic arms for people with severe body im-
pairments. Both projects aim to develop new control and interaction designs to promote accessibility and a 

better performance for people with functional losses in all four extremities, e.g. due to quadriplegic or multiple 

sclerosis. The project MobILe concentrates on using a robotic arm as drinking aid and controlling it with smart 
glasses, eye-tracking and augmented reality. A user oriented development process with participatory methods 

were pursued which brought new knowledge about the life and care situation of the future target group and 

the requirements a robotic drinking aid needs to meet. As a consequence the new project DoF-Adaptiv follows 

an even more participatory approach, including the future target group, their family and professional caregivers 

from the beginning into decision making and development processes within the project. DoF-Adaptiv aims to 

simplify the control modalities of assistive robotic arms to enhance the usability of the robotic arm for activities 

of daily living. To decide on exemplary activities, like eating or open a door, the future target group, their family 

and professional caregivers are included in the decision making process. Furthermore all relevant stakeholders 

will be included in the investigation of ethical, legal and social implications as well as the identification of poten-
tial risks. This article will show the importance of the participatory design for the development and research 

process in MobILe and DoF-Adaptiv. 

Keywords: Assistive robotics, Assisted Living Technologies, Participatory Design, Human-centered Design, User 
Acceptance, Risk Management 

Assistive Robotic Arms for a Self-determi-
ned Life 
At the end of 2019, the German Federal Statistical 
Office counted 7.9 million people with disa-bilities. 
Thereof 11.2% had functional losses in arms and/ 
or legs and 10.4% in spine and torso. 7.6 million 
people with severe disabilities lived in private hou-
seholds with their families, part-ners or alone (Sta-
tistisches Bundesamt, 2020a + 2020b). As part of 
the German Spinal Cord Injury Survey (GerSCI) in 
2017, 1,479 people with spinal cord injuries were 
questioned about their life situation, how they ex-
periences living with a spinal cord injury and what 

kind of issues they were dealing with. Results to-
wards daily activities and mobility showed that 
running an own household was viewed as extreme-
ly problematic by 40.7% of the respondents. Rated 
as very or extremely problematic were picking up 
small objects or opening containers (31.2%) and 
com-pleting everyday tasks (29.1%). Furthermore, 
41% of the respondents said that they could open 
heavy doors only with some or great difficulties 
and 18.3% were unable to open heavy doors at all. 
The authors state that the descriptive statistical re-
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sults will be followed by qualitative studies and in-
depth analyses (Bökel et al., 2019, 22f.; 41). 

Assistive robotic arms could be a solution to ena-
ble people with severe body impairment to per-
form activities of daily living independently. Cur-
rently, the online-Portal “rehadat-Hilfsmittel.de” 
lists three assistive robotic arms on the German 
market, JACO from Kinova inc., iArm from Assistive 
Innovations bv. and BATEO from EXXOMOVE UG. 
All robotic arms are mounted on an electric wheel-
chair and steered with the wheelchair controller. 
However, there are still some challenges. In case of 
functional losses in hands and arms, steering with 
a special controller is possible, but has its limits. 
Operating a robotic arm with a chin or mouth con-
troller and thus eating or drinking, for example, are 
mutually exclusive. Another difficulty is the neces-
sity to constantly switch between different modes 
of movement of the robotic arm, like up/down and 
left/right, while performing a task. 

The research projects MobILe and DoF-Adaptiv 
presented in this article deal with new approaches 
to the above-mentioned challenges. Furthermo-
re, ethical, social and legal implications (ELSI) and 
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questions of risk and quality management are in-
vestigated. In the spirit of Responsible Research 
and Innovation (see Owen, Stilgoe et al., 2013), the 
participation of the future target group was or is 
being pursued in both projects. Against this back-
drop, this article is intended to clarify the import-
ance of participatory approaches or participation 
in the research process and technology develop-
ment for research in the field of assistive robotic 
arms for people with severe physical limitations. 

Investigating the Needs and Wishes of the 
User in MobILe 
How could it be feasible to control and use a semi-
autonomous robotic arm as a drinking aid, if using 
a joystick is not an option, due to functional los-
ses in all four extremities? The aim of the MobILe 
project was to research and implement basic skills 
with and without direct physical contact between 
robots and humans. For robot control in a three-
dimensional space, the use of head and eye move-
ments as well as a combination of motion sensors 
and glasses with an eye tracker and electrooculo-
graphy was investigated. For the interaction bet-
ween the robot and the human, augmented reality 

Table 1: Fact sheet MobILe (authors figure) 

38 

https://rehadat-Hilfsmittel.de


 

 

 

 

 
 

 

 Introduction | Papers | 

(e.g., in the form of visual representations of in-
tended actions by the robot) and a visual concept 
were developed. A safety system with redundan-
cies ensures functional reliability. To ensure that 
the development of the control and interaction 
modalities meet the future users’ needs and ac-
ceptance, a user-centred design strategy was im-
plemented throughout the research and develop-
ment process. 

An Ethnographic/Small Data Analysis 

At the beginning of the project an ethnographic/ 
small data analysis with 15 persons of the future 
target group was conducted in Germany. Eleven 
male and four females took part in the survey. The 
diagnoses were spinal cord injury (10), locked-in-
syndrome (2), multiple sclerosis (1), inclusion body 
myositis (1) and arthrogryposis (1). Participants 
were visited at home, where in-terviews and parti-
cipatory observations of food and beverage intake 
took place. 

The observations were documented with videos 

and photos. The interviews and videos were tran-
scribed and the transcripts, videos and photos 
were analysed following the qualitative content 
analysis approach by Mayring (2015), the qualita-
tive hermeneutical approach from social sciences 
by Reichertz & Englert (2011) and the photo ana-
lysis by Pilarczyk & Mietzner (2000). The aim was 
to gain a deeper insight into the life situation of 
the participants in order to work out aspects that 
promote acceptance and to develop user-centred 
recommendations for the technical development. 

Demographic Data, Life and Care Situation 

The age of the participants varied between 18 and 
62 years and was distributed relatively evenly. The 
diagnoses or the accident events ranged from 2 to 
35 years ago at the time of the survey. The only 
exception was in a case with congenital physical 
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impairment. Around two-thirds of the participants 
have been living with a physical impairment for at 
least ten years or longer. However, no significant 
differences can be derived from the response be-
haviour in the interviews between participants 
who have been living with their impairment for de-
cades and those who have obtained their physical 
impairment more recently. Experiences with assis-
tive robots or technologies seem to be less depen-
dent on the duration of the impairment than much 
more on one‘s own interests or accessibility. 

All participants stated that they are active and like 
to go out as much as possible. Some have con-
verted cars that the caregivers drive. Most of the 
participants use an electric wheelchair (ten parti-
cipants). Others prefer active wheelchairs (three 
participants) or use push wheelchairs (three parti-
cipants). The participants live in accessible houses 
(six participants) and in accessible or partially ac-
cessible apartments (nine participants). Seven par-
ticipants live alone, three live with their parents, 
three with a wife/husband or partner (in one case 
with a child under 18 years) and one participant 
lives with one child over 18 years. Caregiving rela-
tives exist in eight cases in which the participants 
live with their relatives, whereby the extent of the 
care provided varies. In seven of the eight cases, 
nursing services take on certain aspects of nursing 
(e.g., catheters or showers). In one case, assistants 
also support the participant and his relatives. Par-
ticipants who are not cared for by relatives often 
use both nursing services and assistants (five parti-
cipants). Only in two cases are participants suppor-
ted exclusively by a nursing service or assistants. 

The daily structure is characterized by fixed times 
of basic care (e.g., the morning toilet), relatively 
fixed/regular mealtimes, regular therapies and 
times of relief (pressure ulcer prophylaxis). Most 
of the time is spent in the bedroom (bed) and li-
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ving room (wheelchair). The amount of time spent 
in the wheelchair varies between 8 and 14 hours a 
day. Participants said that they eat and drink in bed 
or while sitting in a wheelchair in the living room 
or in the kitchen at a dining table. Drinking has a 
special significance, as both the type of beverage 
(still water, tea) and the amount consumed are 
particularly important for health and general well-
being. The participants often drink large quantities 
in a row and preferably from large glasses or drin-
king bottles. For all participants, drinking is linked 
to the aspects of autonomy and privacy. If they did 
not have to ask for help for every sip, but could 
drink independently, they would be able to spend 
several hours a day alone again. Always having to 
have someone around for assistance is perceived 
as exhausting. 

The Users Perspective Towards an Assistive Robo-

tic Arm as Drinking Aid 

The analysis of the interviews and observations 
showed certain aspects that can influence the ac-
ceptance and use of a robotic arm as a drinking 
aid. Currently, the above mentioned assistive ro-
botic arms can only be used while mounted on an 
electric wheelchair. However, some partic-ipants 
cannot or do not want to use an electric wheel-
chair. Participants would also like to use the robot 
while lying in their bed and would prefer a solution 
that enables them to use the robot independently. 
Most participants are cared for 24/7 by a mix of ca-
regiving relatives, nursing services and assistants, 
which means, that different people are interacting 
directly or indirectly with the robot. Therefore, 
participants wish for an easy and intuitive con-
trol and interaction design that does not require 
too much explaining or a long training period. It 
should also be safe to use, even if other people are 
around and interacting with the participant. Furt-
hermore, the robot should be robust, sturdy and 
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show a high operating safety. Teething problems 
or safety issues would prevent participants to use 
the robot at all. How the robotic arm could be per-
ceived by others is important to most participants. 
If it is too big and “showy” and/or looks too much 
like a medical device, participants do not feel com-
fortable and fear stigmatization. Instead, they 
wish for an unobtrusive and elegant design, like a 
lifestyle product and as space-saving as possible. 
If the robotic arm promotes independency and 
privacy, meaning that it enables the participants 
to drink without additional help from others, the 
participants stated that they would use it regularly 
and would like to spend more time on their own. 
On the other hand, participants would like to enjoy 
mealtimes with family and friends where everyone 
can eat and drink at the same time and communi-
cation is not disturbed while someone takes care 
of the participant. A robotic aid is seen as a possib-
le solution as long as it is not the cause for new dis-
traction. These findings lead to recommendations 
for the development of robotic drinking and eating 
aids, which are currently published at INTERACT 
2021 (see Pascher/Baumeister 2021). 

New Insights Through Including Caregivers 
To discuss ethical and social implications of a robo-
tic drinking aid, three workshops with all stakehol-
ders were conducted in 2019. A total of 11 people 
with a disability, 2 caregiving parents, 4 assistants, 
2 physiotherapists and 3 industry representatives 
took part. In addition, all project partners joined 
the first workshop, too. The MEESTAR model for 
the ethical evaluation of socio-technological arran-
gements was adapted and used to evaluate ethical 
issues. All workshops were transcribed and quali-
tatively analysed following the thematic analysis 
by Tuckett (2005, 75ff.). 
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Caregiving parents and assistants brought a new 
perspective towards the topics safety and inde-
pendence. Both participating groups viewed an 
assistive robot as positive if they feel assured that 
the person they care for can be safely left alone 
to perform a task with it. If the robot promotes a 
higher independency, it would be a relief for ca-
regivers. Assistants could use their time more ef-
ficiently and caregiving relatives would gain more 
time for themselves. However, it also became clear 
during the discussions that it is an issue to trust in 
the safety of an assistive robot and leave the per-
son being cared for alone with it. Especially assis-
tants said that they don’t trust the robot and asked 
what would happen, when a problem occurs? They 
do not want to risk that the person being cared for 
comes to any harm or that they cannot help them 
(fast enough), if needed. Participants with a disabi-
lity, on the other hand, were much more inclined 
to take risks, if only they could regain more privacy. 
Whilst participants with a disability say that safety 
standards in Germany are very high and they could 
call the caregivers with a mobile phone if neces-
sary, the caregivers prefer them to be in another 
room/close by and quickly available when needed. 
So there is a profound conflict of interest between 
caregivers and the person being cared for about 
gaining more privacy and autonomy. 

Lesson Learned for Further Research 
During the visits of the participants, some asked 
why MobILe focused on drinking and how the de-
cision was made. Although drinking was viewed as 
important, participants and caregivers mentioned 
further activities a robotic arm could help with. 
Participants mostly wished to pick up and manipu-
late objects or open doors. Again, in the context 
of the workshops, people with a disability, parents 
and assistants suggested more different activities, 
like support for dressing. It seems that people with 
severe body impairments do have several unmet 
needs that an assistive robotic arm could help with 
and that it is important to include the future tar-
get group into the decision-making before deci-
ding what activity the assistive robotic arm should 
support. The inclusion of caregiving relatives and 
assistants in the workshop made clear that it is 
necessary to recognize the whole social system of 
people with severe body impairments and to inclu-
de caregiving relatives, nurses and assistants into 
the research project as well. The conclusion was to 
pursue a more participatory approach in the suc-
cession project DoF-Adaptiv. 

Table 2: Fact sheet DoF-Adaptiv (authors figure) 
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Including All Stakeholders in the Research and 
Development Process of an Assistive Robotic 
Arm 
The ongoing research project DoF-Adaptiv aims to 
simplify the use of assistive robotic arms, i.e. re-
leasing the users from the necessity to switch bet-
ween the various modes of degrees of freedom 
while performing a task. A combination of machi-
ne learning and artificial intelligence (AI) will be 
developed in order to improve the control system. 
In contrast to automatic control, humans remain in 
control. In a user-centred design process, possibili-
ties of displaying feedback are explored using data 
glasses. In a participatory approach, the require-
ments are raised and the system is evaluated with 
those affected. 

Participative Research, Participatory Approaches 
DoF-Adaptiv is conducted as research with peop-
le, rather than as research about or for them. This 
course of action is a characteristic feature of par-
ticipatory research (Bergold/Thomas, 2010, 333). 
The DoF-Adaptiv project is guided by fundamental 
principles of participatory research. The following 
section focuses on two areas: the concept of „safe 
space“ for all participants during the research pro-
cess and the roles of all participants in decision-
making processes (von Unger, 2014, 39ff.; Bergold/ 
Thomas, 2012, 6). 

Participatory research can be understood as a re-
search style in which professional researchers and 
co-researchers are equally involved in the pro-
cess of knowledge construction (Bergold/Thomas, 
2012, 2). In DoF-Adaptiv, two groups, the prima-
ry and secondary users of assistive technologies, 
form the group of co-researchers. People with di-
sabilities (primary users), family caregivers, nurses, 
assistants (secondary users) collectively contribute 
their unique perspectives. Expressing and sharing 
their own opinions and experiences in institutional 
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settings or with strangers requires a “safe space“ 
(Bergold/Thomas, 2012, 5). The “safe space“ all-
ows, for example, to have and express different 
opinions or to resolve conflicts in a constructive 
manner (Bergold/Thomas, 2012, 7). In addition, a 
“safe space“ creates an opportunity for all mem-
bers of the research group to experience that each 
opinion will be heard, but will not be judged or 
even devalued by others. The “safe space“ is also 
dynamic. It has to be reestablished over and over 
again via opening communicative spaces throug-
hout the entire research process (Bergold/Thomas 
2010, 338). 

To determine whether a project fulfills the basic 
criterion for classification as participatory re-
search, it is necessary to ask who is controlling the 
research in which phase of the project (Bergold/ 
Thomas, 2012a, 9). These questions allow to de-
termine which group of researchers (professional 
researcher or co-researcher) is involved in which 
decisions, whether the various actors are involved 
in decision-making-processes with equal rights 
in order to control and monitor the research and 
the course of the project (Bergold/Thomas, 2012, 
10f.). 
The research process in DoF-Adaptiv is designed 
in cycles. These cycles are based on the process 
of “Progressive Problem Solving with Action Re-
search” (Riel quoted in Wright et al., 2013, 147). 
Each cycle describes the reflecting on practice, the 
actions taken, reflecting and taking further action 
(Riel n.d.) 

In the following, the concept of “safe space“ and 

decision-making processes used to control and 
monitor the research process at DoF-Adaptiv are 
explained with a focus on the scenario develop-
ment. 
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Including the Future Users Early on 
Based on the experiences in MobILe, the future 
target group in DoF-Adaptiv includes not only peo-
ple with a disability, but their caregiving relatives, 
nurses and assistants, too. Futhermore, the pro-
ject aims for a more participatory approach that 
involves the future target group in the research 
and development process from the beginning and 
is iterative throughout the project. Starting with 
the development of application scenarios for the 
assistive robotic arm, workshops and interviews 
were held. It was decided which activities the 
robotic arm should support and which scenarios 
should be described great importance was atta-
ched to the fact that participants and researchers 
meet on an equal footing. Researches were in the 
role of listening and documenting the participant’s 
thoughts and wishes, accepting them as experts in 
their own rights. Protocols, findings and work-in-
process documents were shared with all partici-
pants throughout the development process. When 
deciding on application scenarios, the opinion of 
the participants was decisive for the decision-ma-
king. Furthermore, participants were given the 
opportunity to discuss the details of the scenarios 
design with all researchers during a project mee-
ting. Those who couldn’t attend the meeting were 
asked to give their view via e-mail or a one-to-one 
call with a researcher, making sure that every par-
ticipant who wanted to be part of the develop-
ment process and decision-making could partici-
pate. The transcripts, notes and protocols of the 
workshops, interviews and the project meeting are 
currently being analysed and the participative ap-
proach will be evaluated.       

Impact of Participatory Approaches for Risk and 
Quality Management 
In the field of medical technology, there is a sepa-
rate standard for managing risks. DIN EN ISO 14971 
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describes requirements and possible procedures 
with a focus on risk analysis. Risks have to be iden-
tified and assessed to determine whether they are 
justifiable. Remaining residual risks must be set in 
relation to the benefits. In 2019, a revision of the 
risk management standard DIN EN ISO 14971 for 
medical devices was published: ISO 14971: 2019. 
The procedure has basically remained unchanged. 
However, some additions and explanations have 
been introduced. Among other things, the infor-
mation for training option was discussed as a risk 
control measure. In addition, the concept of bene-
fit for the patient was further specified. The stan-
dard has thus moved the issue of risk-benefit ratio 
even more into focus. In the area of risk manage-
ment, the EU directives and EU regulations for 
medical devices such as the MDR (Medical Device 
Regulation (MDR)) have to be taken into account 
too. The risk analysis must factor in, inter alia, the 
effects of software errors, framework conditions 
and safety-relevant functions. 

As part of a project on „Systemic risk management 
for the holistic consideration of entrepreneurial 
risks using the example of medical technology“ at 
RWTH Aachen University, some weaknesses in the 
current procedures and methods in the field of risk 
management in medical technology were discus-
sed and described (SysRisk). Among other things, 
the current methods are seen insufficient in scope 
and depth to identify and assess residual risks as 
comprehensively as is necessary for risk-sensitive 
products. In order to minimise these weak points 
in the current project, risk management is being 
expanded to include methods and procedures that 
go beyond the mandatory standards and regulati-
ons. 

For this reason, the current project (DoF-Adaptiv) 
puts a lot of emphasis on identifying as many risks 
as possible at an early stage and introducing ap-
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propriate measures in a timely manner. The follo-
wing procedures and methods are used:
• Users are involved in the risk identification pro-

cess from the beginning of the project.
• FMEA (Failure Mode and Effect Analysis) is 

used in the risk analysis to analyse the indivi-
dual components of the product, in particular 
the resulting hazards.

• The scenario technique or scenario-based risk 
analysis is used for the investigation and eva-
lua-tion of the influencing factors and simula-
ted scenarios.

• Practical conclusions for the intended area of 
application of the product are derived from 
the action-oriented error taxonomy. The ac-
tion-oriented error taxonomy is based on an 
error term that can be traced back to action-
oriented error research (Freud, 1941, 25f.; Fre-
se, Zapf, 1991, 11f.).

Conclusions
The early involvement of the future target group 
in the research project MobILe had a deep impact 
on the further development of human-robot inter-
action modalities. The insight into the life and care 
situation of people with severe body impairments 
brought findings towards aspects that promote a 
higher acceptance of assistive robotic arms, all-
owed a user-centred development and new input 
for further research was gained. In the ongoing 
project DoF-Adaptiv, the inclusion of the future 
target group into development and decision-ma-
king processes ensures that the research project 
meets the future target group needs and will in-
crease their independence and autonomy in the 
future. In this way, both projects seek to contribu-
te to a more independent living for people with 
severe body impairments in the future.

References
Bergold, J. & Thomas, S. (2012): Partizipative 
Forschungsmethoden: Ein methodischer Ansatz 
in Bewegung. In: Forum Qualitative Sozialfor-
schung 13(1) 1-33, Online unter: https://www.
qualitative-research.net/index.php/fqs/article/
view/1801/3333. (accessed on: 15.06.2021).

Bergold, J. & Thomas, S. (2012a): Participatory 
Research Methods: A Methodological Approach 
in Motion. (13) 1, Forum: Qualitative Social Re-
search 13(1) 1-31, Online unter: DOI: https://
doi.org/10.17169/fqs-13.1.1801 . (accessed on: 
03.07.2021).

Bergold, J. & Thomas, S. (2010): Partizipative For-
schung. In: G. Mey & K. Mruck (Hrsg.): Handbuch 
Qualitative Forschung in der Psychologie. Wiesba-
den: Springer, 333-344. 

Bökel, A. / Blumenthal, M. / Egen, C. / et al (2019): 
Querschnittlähmung in Deutschland. Eine na-
tionale Befragung (German Spinal Cord Injury 
Survey (GerSCI) Teilprojekt des Spinal Cord Inju-
ry Community Survey (InSCI)). DOI: 10.26068/
mhhrpm/20191009-003. Online unter: https://
www.mhh.de /fileadmin/mhh/rehabilitationsme-
dizin/downloads/GerSCI-Projektbericht_2019.pdf 
(accessed on: 07.07.2021)

Frese, M. & Zapf, D. (1991): Fehlersystematik und 
Fehlerentstehung: Eine theoretische Einführung  
Huber: Bern.

Freud S. (1941): Zur Psychopathologie des Alltags-
lebens. Imago: London.

Mayring, P. (2015): Qualitative Content Analysis: 
Basics and Techniques (nach “Qualitative Inhaltsan 
lyse: Grundlagen und Techniken“). Beltz: Wein-
heim.

Owen, R./ Stilgoe, J./ Macnaghten, P. et al. (2013): A 
Framework for Responsible Innovation. In: Owen, 

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

www.mhh.de
https://doi.org/10.17169/fqs-13.1.1801
https://qualitative-research.net/index.php/fqs/article
https://www


45

R./ Bessant, J./ Heintz, M. (Editors) Respnsible In-
novation: Managing the Responsible Emergence 
of Sciences and Innovation in Society, Wiley: Chen-
nai, 27-50. DOI:10.1002/9781118551424.ch2

Pascher, Max/ Baumeister, Annalies/ Schneegass, 
Stefan/ Klein, Barbara/ Gerken, Jens (2021): Re-
commendations for the Development of a Robotic 
Drinking and Eating Aid - An Ethnographic Study. 
In: Carmelo Ardito Rosa Lanzilotti, Alessio Malizia 
Helen Petrie Antonio Piccinno Giuseppe Desolda 
Kori Inkpen (Hrsg.): Human-Computer Interaction 
– INTERACT 2021, Springer, Cham, Forthcoming.

Pilarczyk, U./ Mietzner, U. (2000): Picture science 
methods in research on education and social sci-
ence (nach „Bildwissenschaftliche Methoden in 
der erziehungs- und sozialwissenschaftlichen For-
schung“). In: Zeitschrift für qualitative Bildungs-, 
Beratungs- und Sozialforschung 1(2), 343-364.

Reichertz, J.(2011): Introduction to Qualitative Vi-
deo Analysis: A hermeneuticsociological Analy-sis 
Tool (nach „Einführung in die qualitative Video-
analyse. Eine hermeneutisch-wissenssoziologische 
Fallanalyse“). VS Verlag für Sozialwissenschaften: 
Wiesbaden.

Riel, M. (o.J.): Understanding Action Research. 
Center for Collaborative Action Research. Online 
unter: https://www.ccarweb.org/what-is-action-
research. (accessed on: 02.07.2021).

Statistisches Bundesamt (Destatis) (2020a): Di-
sability Facts and Figures - Brief Report 2019 
(nach „Statistik der schwerbehinderten Men-
schen - Kurzbericht 2019“). https://www.desta-
tis.de/DE/Themen/Gesellschaft-Umwelt/Ge-
sundheit/Behinderte-Menschen/_inhalt.html  
(accessed on: 07.07.2021).

Statistisches Bundesamt (Destatis) (2020b): Public 
social benefits – life situation of people with disa-

bility – Results oft he Microzensus 2019 (nach „Öf-
fentliche Sozialleistungen -  Lebenslagen der be-
hinderten Menschen - Ergebnis des Mikrozensus 
2019“) https://www.destatis.de/DE/Themen/Ge-
sellschaft-Umwelt/Gesundheit/Behinderte-Men-
schen/_inhalt.html (accessed on: 07.07.2021).

Tuckett A. G. (2005): Applying thematic analy-
sis theory to practice: a researcher‘s experien-
ce. In: Contemporary Nurse, 19(1-2):75-87. DOI: 
10.5172/conu.19.1-2.75. 

von Unger, H. (2014): Partizipative Forschung. Ein-
führung in die Forschungspraxis. Wiesbaden: VS 
Springer.

Wright, M.T.; Block, M.; Kilian, H.; Lemmens, K. 
(2013): Förderung von Qualitätsentwicklung durch 
Partizipative Gesundheitsforschung. In: Prävention 
und Gesundheitsförderung 8 (3), 147-154, Online 
unter: https://link.springer.com/article/10.1007/
s11553-013-0396-z. (accessed on: 25.06.2021).

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

https://link.springer.com/article/10.1007
https://10.5172/conu.19.1-2.75
https://www.destatis.de/DE/Themen/Ge
https://www.desta
https://www.ccarweb.org/what-is-action


DOI: 10.48718/z47r-sn59 



                                                                       

 
   

   
 

  
 

 
  

 
  
   

  
  

   
 

  
 

  
 

    

  
     
   

     
 

    
     

 
  

 
   

   

 

 Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

1.4 Re-purposing Everyday Digital Technology for Marginalised Groups 
Ana-Maria Salai, Glenda Cook, Lars Erik Holmquist 

Abstract 
Smart home technologies, such as Internet of Things devices have great potential to support older people to 

live for longer in their own homes. Yet individuals with communication, memory and dexterity problems often 

cannot use such technologies. Through a co-design, participatory approach the needs and problems experien-
ced by older people and their supporters were explored to ascertain how they could be enabled to use Smart 
home technologies. The solution that was developed, IntraVox, is a virtual hub that enables connectivity from 

different resources and devices based on the sensor data that is being collected in the house. IntraVox sends 

various commands to a voice-enabled personal assistant which in return controls smart home devices. This 

approach can improve the usability of voice-enabled personal assistants by removing the necessity for the user 
to remember and pronounce specific commands whilst also reinforcing the syntax and the usefulness of those 

commands. This discussion describes the development process and user-feedback of the IntraVox solution. 

Keywords: Technology enabled care, assistive technology, inclusive gerontological care, independent living 

Introduction 
In the wake of the COVID-19 pandemic, individuals 

living in different situations, settings, and countries 

were experiencing the stark reality of connectivi-
ty and disconnection with their family and friends, 
communities, and services. In the UK, there were a 

myriad of reports of intense isolation that individu-
als experienced throughout national lockdowns, and 

the struggles people had in accessing and receiving 
services in their own homes. Equally, the media re-
ported on the unprecedented national turn to digi-
tal platforms as young and old held Zoom parties, 
Microsoft Teams quizzes, Amazon Alexa concerts to 

name a few social activities, with new and old de-
vices. Whilst this switch-on to digital living brought 
renewed interest for many, it also deepened the 

gap between those able and interested, and tho-
se not able to use digital technologies in their own 

home. This backdrop reframed the direction of a 

SMART home, independent living project between 

Northumbria University and Home Group. Home 

Group, one of the UK‘s largest providers of quality 

housing and an offer of integrated health and social 

care, sought to appraise the needs of its customers 

to ascertain how customers could be supported by 

an assistive technology offer that included use and 

re-purposing of everyday technologies. 

Background 
Health research studies have been conducted 
with regards to how smart home technologies 
can support people in living comfortably and inde-
pendently. For example, to support healthy aging, 
low intrusive fall detection systems have been in-
tegrated into smart homes. Using WiFi and Blue-
tooth technologies, systems can detect falls and 
locate people inside the home. Systems can also 
send alerts when a fall occurred and can provide 
light guiding to where the person is located in the 
home (Pörtner et al., 2015). Muheidat and Lo’Ai 
(2020) have proposed context-aware and private 
real-time reporting systems such as smart carpets 
consisting of sensor pads placed under the carpet. 
The sensors can detect walking activity, falls, mea-
sure gait, and count the number of people walking 
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across the carpet (traversing the carpet would be 
a good socializing indication). Other systems, focu-
sing on activity recognition, collect data from home 
appliances, such as TV and fridge to understand 
the behaviour of older people (Qian et al., 2020). 
Home environment sensors, gesture tracking sen-
sors, and home appliance sensors have also been 
used in the development of virtual caregivers for 
the older population (Rahman and Hossain, 2019). 
Such systems support householders by reminding 
them of their to-do list and to take their medicati-
on, help them maintain appointments, and control 
home appliances.
Other smart home technologies, such as Internet 
of Things (IoT) devices (e.g., robot vacuum clea-
ners, wireless kitchen appliances, smart sockets, 
etc.) can support daily activities and improve the 
quality of life of many user groups. Voice-enabled 
personal assistants (e.g., Amazon Alexa and Google 
Home) also have great potential to support people 
of all abilities and across the life course to live in-
dependently at home and to optimize their quality 
of life (Pradhan et al., 2018). These devices allow 
users to set reminders, play music, listen to the 
news, or ask for information such as recipes. Addi-
tionally, since they are co-located with househol-
ders, they can control various smart home techno-
logies such as light bulbs, thermostats, doorbells 
and automatic blinds.

Problems older people experience using virtual 
assistant technologies
Despite being available and affordable, certain 
sectors of the population do not use smart home 
technologies. One common issue is that smart 
home devices are not always fully compatible with 
the householder’s voice-enabled personal assis-
tant. Another issue, particularly relevant for peo-
ple suffering from various disabilities is the verbal 
requirement to articulate or recall keywords and 

specific syntaxes to interact with a voice-enabled 
personal assistant. For example, to enable the de-
vice, one needs to first articulate the wake words 
(e.g., Alexa/Hey Google), followed by the com-
mand: “Alexa/Hey Google, turn on the living room 
lights”. The list of commands constantly expands 
and grows with every new service or device it sup-
ports. 
The need to speak clearly and loudly with a voi-
ce-enabled personal assistant can be challenging 
for people with speech impairments and the short 
amount of time in which the commands need to 
be spoken can constitute a problem for peop-
le with cognitive impairments (Luger and Sellen, 
2016, Pradhan et al., 2018). Most users start by 
interacting with a voice-enabled personal assistant 
in a natural language but are later forced to limit 
themselves to just keywords and specific terms 
to obtain the desired output (Luger and Sellen, 
2016). This is because users tend to have a con-
versational interaction with the device. However, 
given the one-size-fits-all approach adopted by 
voice-enabled personal assistants (Sayago et al., 
2019), voice user interface devices should not be 
viewed as conversational agents since they are not 
able to properly understand the meaning of a con-
versation (Porcheron et al., 2018).

Approach
A co-design participatory approach was adopted to 
explore needs and problems experienced by older 
people and their supporters. Over twelve months, 
a Community of Practice (CoP) (comprised of end-
users/potential customers, carers, social care and 
health practitioners, managers, and commissio-
ners) took part in a minimum of two workshops. 
In total, we conducted seven workshops and nine 
interviews with 79 CoP members. During the work-
shops, participants considered the challenges they 
faced which everyday technology might address. 
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They also engaged in time-line analysis to explore 
what requirements individuals would have during 
the day, and ideas for technological solutions that 
could be achieved through sensing, processing, 
and actuation. Sensing is when a system can get in-
put from the environment, such as light or sound. 
Processing is the determination by the system of 
how to act on that input. Finally, actuation is the 
process for ‘things’ such as a light being control-
led by a computer and causing the action to occur, 
such as turning on the light. The categorisation of 
their ideas led to the development of four ‘techno-
logy domains’ where technology was considered 
to have the potential to promote independence 
and improve quality of life. The domains were:

1. Home Automation – automating the house ba-
sed on sensors (e.g., sound, light, humidity, tem-
perature, and motion) and use of appliance (e.g., 
fridge, kettle, microwave) data.
2. Skills Maintenance and Development – suppor-
ting individuals to maintain and develop skills such 
as personal care (e.g., nutritional support, plan-
ning to dress appropriately for weather), keeping 
in touch with others, engaging in interests, and 
activities (independent studying, shopping), and 
maintaining environmental hygiene (taking out the 
bins).
3. Prompts and Reminders – providing alerts to 
support individuals to complete routine tasks or 
activities such as making a telephone call, atten-
ding an appointment or event.
4. Behaviour and Environment Monitoring – pro-
viding supporters, and health and care professio-
nals, access to personal activity and household 
data.

IntraVox: an enabling solution for use of 
smart home IoT devices
Smart home IoT devices can transform the lives 
of older and frail adults and can also help address 

the four technology domains presented above. As 
previously mentioned, despite the benefits, com-
mercially available smart home devices are gene-
rally not interconnected. Each device is controlled 
via a separate smartphone application, resulting 
in users having to install multiple applications on 
their smartphones. One way to overcome this is-
sue is by using a virtual hub that enables connecti-
vity from different resources and devices. Amazon 
Alexa and Google Home are the two most used 
voice-enabled personal assistants that can also act 
as hubs. Therefore, to address the four technology 
support domains arising from the workshops, par-
ticularly the Home Automation domain, we star-
ted by selecting a voice-enabled personal assistant 
as a hub as this is a readily available technology 
that is compatible with a variety of smart home 
appliances. 

We also researched motion, touch, proximity, and 
ambient sensors such as temperature, sound, and 
light. The challenge, however, was to integrate the 
different concepts in a system that was easy to use 
for our potential user group. To address Domain 
1 and 4, we started by designing a system com-
posed of motion, touch, proximity, temperature, 
sound, and light sensors connected to a Raspberry 
Pi 4B computer, widely used for home automation. 
Based on the sensor data collected, the Raspber-
ry Pi would send prompts and reminders (Domain 
2 and 3) and activate different smart home com-
mands (Domain 1) such as turn on the lights, close 
the curtains, play music, etc. using a voice-enabled 
personal assistant.
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Development
We initially researched an option whereby the sen-
sors and the Raspberry Pi would control the voi-
ce-enabled personal assistant directly without any 
audible commands. This can be achieved by using 
various programs that can track, control, and auto-



50

mate various smart home devices and third-party 
websites that create virtual Amazon Echo devices. 
Another possible solution would require putting a 
set of headphones on the Amazon Alexa to make it 
a silent process. 

We also researched an option where the Raspber-
ry Pi would verbalize the messages and commands 
using voice synthesis created by text-to-speech li-
braries. As an example, based on the light sensor 
data collected, the Raspberry Pi can verbalize a 
prompt the virtual assistant to trigger certain light 
processes, such as turning on the lights and closing 
the curtains as it’s getting dark outside. We started 
by using complex sentences such as “It is getting 
dark outside. Alexa, turn on the lights.“ or “Alexa, 
turn on the lights and close the curtains.“ However, 
Alexa encountered difficulties in understanding 
the commands, regardless of accent and delivery 
pace. We were, therefore, forced to use basic inst-
ructions such as “Alexa, turn on the lights.”.

CoP members provided positive feedback with re-

spect to the two options and provided suggestions 
on how they can be improved. In particular, one 
CoP member, suffering from a learning disability 
noted that the silent system might not be appro-
priate for a person with a cognitive disability as he 
said that he would find it “scary“ and the synthe-
sized voice could be perceived as unpleasant and 
frustrating. Based on their suggestions we develo-
ped IntraVox, a novel voice-based interaction sys-
tem that introduces a highly personalized, human 
voice command between IoT devices. The current 
implementation of the system is composed of a 
Raspberry Pi 4B computer to which we attached 
various smart home sensors such as environmen-
tal, touch, proximity, and motion sensors (Figure 
1). Using a speaker attached to the Raspberry Pi 
and based on the sensor data that is being collec-
ted, IntraVox verbally sends smart home control 
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commands to a voice-enabled personal assistant 
using a human voice. In our demonstrations, we 
have used the Amazon Alexa and Google Home voi-
ce-enabled personal assistants, but it could easily 
be generalized to other platforms. As an example, 
when the environmental sensors detect that the 
light levels are decreasing as it is getting dark out-
side, IntraVox will send a command to a voice-ena-
bled personal assistant which in return will control 
smart home devices, e.g., turn on the lights. 

Figure 1: The IntraVox system, composed of a Raspberry Pi 
4B computer, sensors, a speaker, and an Amazon Alexa and/
or Google Home device controlling smart home appliances. 

(Ana-Maria Salai)  

The development process started by creating the 
audio files with a human voice verbalizing the pre-
configured messages. Using a microphone, these 
files were recorded directly on the Raspberry Pi. 
The voice could be a voice recording of a relative, 
a carer, or any other familiar person. The familiar 
human voice was used to create a sense of securi-
ty and comfort as if the person was there to help. 
Using Python software, whenever a command 
needed to be sent, the Raspberry Pi would simply 
play the audio file already saved on its internal me-
mory.

Solutions
As previously mentioned, based on the sensor data 
that is being collected in the house, IntraVox can 
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send various commands to a voice-enabled perso-
nal assistant which in return controls smart home 
devices. This approach can improve the usability 
of voice-enabled personal assistants by removing 
the necessity for the user to remember and pro-
nounce specific commands whilst also reinforcing 
the syntax and the usefulness of those commands. 
In addition to the voice-enabled personal assistant 
commands, we conceptualized the possibility of 
a stand-alone IntraVox system sending prompts 
and reminders to users to conduct certain tasks 
without the use of the voice-enabled personal as-
sistant. For example, using a human voice, Intra-
Vox can verbally send various prompts and remin-
ders such as washing hands after using the toilet, 
being more active when inactivity is detected, or 
reminding users to take their keys when opening 
the front door to leave their home. Use of audio 
prompting can enhance the independence of ol-
der adults and has been widely adopted in techno-
logy enabled approaches to assistive living (Pérez-
Fuster et al., 2019). 

Solution 1 – IntraVox sending voice-enabled per-
sonal assistant commands 

As previously mentioned, based on the sensor data 
that is being collected in the house, IntraVox can 

send various commands to a voice-enabled perso-
nal assistant. Since we were using a human voice 
and we were not facing any memory or time length 
constraints, we decided to expand the commands 
and give users a clear cause-and-effect explana-
tion of why certain events occur. This is because, 
as mentioned by one CoP member, the experien-
ce of having smart devices activated without prior 
notice can be perceived as haunted. We adapted 
the commands to address scenarios related to the 
four domains previously mentioned. 

Home Automation Scenario - To address Domain 1, 
based on temperature sensor data, the system can 
alert users whether it is getting too warm or too 
cold in a room and will subsequently, turn on or 
off the heating using the smart thermostat. Based 
on the light sensor data that is being collected, the 
system can determine whether it is getting dark 
outside and trigger a command accordingly: “It is 
getting dark outside. Alexa/Hey Google, close the 
bedroom curtains.” (Figure 2). This type of mes-
sage provides a clear justification for why certain 
types of home automation processes occur. 

Activity Scenario - To address Domains 2-4, we de-
signed an Activity Scenario to engage users with 
home-based exercises. Based on the user‘s daily 

Figure 2: Based on the light level detected by the light sensors, IntraVox will send a command to Alexa to close the bedroom 
curtains when a decrease in the light intensity is detected. (Ana-Maria Salai) 
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routine and necessities, if no motion has been de-
tected for a predetermined time, IntraVox would 
send an instruction to Alexa to start a workout 
routine: “You haven‘t been active in a while. You 
should work out, it‘s good for you. Alexa, start 7 
minutes workout [Alexa Skill].”. On the other hand, 
if increased movement is detected, which could be 
a proxy indicator that the user is agitated, IntraVox 
would verbalize instructions to Alexa to alleviate 
the situation (based on the user‘s preferences): 
“You seem agitated. Alexa/Hey Google, turn living 
room lights purple and play calming music.”.

Solution 2 – IntraVox sending prompts and re-
minders
Previous research findings recommend that smart 
homes should propose rather than impose certain 
house processes as householders do not like smart 
homes taking decisions for them (Mennicken et al., 
2016). With this in mind and as mentioned above, 
we designed a second solution where IntraVox 
would trigger audio messages based on the sen-
sor data collected without having a voice-enabled 
personal assistant involved in the process. Given 
this, we designed messages that would empower 
people to make their own decisions, as follows:

Home Automation Scenario - To address Domain 1, 
based on the light sensor data collected, IntraVox 
could prompt the user to take certain actions: “It 
is getting dark outside. Maybe you should turn on 
the lights and close the curtains.”. However, this 
type of message would not be appropriate for 
people lacking the ability to process the informa-
tion provided.

Activity Scenario - To address Domains 2-4, if 
the motion sensors detect inactivity for a certain 
amount of time, we designed IntraVox to verbalize 
a reminder such as: “You should be a bit more acti-
ve, it‘s good for you. How about going for a walk?”.

Hygiene and Dehydration Scenario - To address Do-
mains 2 and 3 and improve the daily living skills of 
people, using a touch sensor attached to a toilet 
(Figure 3), IntraVox can send a verbal notification 
to the users to wash their hands after using the 
toilet: “Remember to wash your hands after going 
to the toilet.”. With regards to dehydration, sen-
sors were deployed to determine the amount of 
water a person is drinking in a day. If the person 
was drinking less than the recommended amount 
of 1.5 litres per day (Colley, 2015), a verbal remin-
der was sent to users to drink sufficient fluid. This 
was possible by attaching touch sensors to a glass 
and temperature sensors at the bottom of a mug 
that could indicate that a drink/hot drink was con-
sumed.

Figure 3: A touch sensor attached to a toilet. Upon using the 
toilet and touching the sensor, IntraVox will prompt users to 

wash their hands. (Ana-Maria Salai)

Reminder Scenario: To addresses Domains 2 and 3, 
using a proximity sensor attached to a front door, 
users can receive a verbal reminder to take their 
keys before leaving the house. We expanded the 
functionality and using various cloud communica-
tions platforms (e.g., Twilio, Plivo), IntraVox was 
programmed to also send an SMS alert to a carer 
or family member whenever an unexpected or 
relevant event would occur (e.g., when the front 
door opened).
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CoP member perceptions of the IntraVox solu-
tion 

The concept of a highly personalized human voi-
ce sending prompts and reminders and enabling 
voice-enabled personal assistants such as Amazon 
Alexa and Google Home received positive feed-
back from the CoP members. City council mem-
bers emphasized the system‘s novelty: “Interesting 
to see technology interacting with one another, 
had initially thought these would have stand-alo-
ne operations.”, and expressed interest in such 
technology in the health system: “We certainly see 
a place for products like this within social care.”. 
Additionally, one frail and older CoP member men-
tioned that they would prefer voice instructions to 
silent ones; they found the synthesized voice inst-
ructions to be “alright” but would prefer a human 
voice. 

The high level of personalization, in particular, re-
ceived positive feedback from the CoP members: 
“It is helpful to program systems to sound like a 
family member. This helps in personalising the 
support provided to the customer.”. It was also 
highlighted that older and frail people can encoun-
ter difficulties in using technologies (including 
voice-enabled personal assistants) due to lack of 
confidence and sensory and/or memory problems. 
Therefore, CoP members explained that persona-
lisation is a key priority when considering techno-
logy for the health sector and mentioned that In-
traVox can ensure individualized support. 

CoP members stated that IntraVox could be a 
“phenomenal” solution in helping people adhere 
to a routine, especially when they are encoura-
ged to conduct tasks related to everyday life. CoP 
members found the verbal prompts (e.g., wash the 
hand after going to the toilet, drink more water) 
to be useful and stated that the Activity Scenario 
could be useful for people with low motivation. 
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However, CoP members also commented that In-
traVox might only be suitable for mild and modera-
te dementia as the familiar and recognizable voice 
might confuse the user that the person the voice 
belongs to is physically present in the room. 

Discussion 
In this paper, we present IntraVox, a novel voice-
based interaction system that introduces a highly 
personalized, human voice command between IoT 
devices such as smart home sensors, a Raspberry 
Pi computer, and smart home devices (e.g., voice-
enabled personal assistants, smart lights, smart 
blinds, etc.). IntraVox is a low-cost effective solu-
tion that enables devices, sensors, and actuators 
to communicate wirelessly and send data to each 
other, avoiding the complexity of the end-user ha-
ving to use multiple applications and engage with 
different processes. Based on the sensor data that 
is collected, the system uses a human voice to 
send prompts and reminders to users to conduct 
various tasks and commands to a voice-enabled 
personal assistant. 

The research conducted in this study highlights 
the importance of an initial understanding of what 
end-users need and prefer. Results show that it is 
important to include multiple stakeholder catego-
ries in an iterative design and evaluation process 
and to apply co-design methods with potential 
end-users to not omit any desired functions. Alt-
hough we initially designed a silent system and a 
solution using a computerized, synthetic voice for 
sending the voice commands, one CoP member 
suffering from a cognitive disability highlighted 
that these might not be appropriate for certain 
user categories. Based on their recommendations, 
we developed IntraVox. 

Smart home technologies, such as smart home 
sensors and devices (e.g., smart blinds, smart 

53 



  

 

 

 

 

 Introduction | Papers | 

lights, voice-enabled personal assistants) can 
support the daily activities, enhance indepen-
dence, and improve the quality of life of many 
user groups. These off-the-shelf Internet of Things 
devices, in particular voice-enabled personal as-
sistants such as Amazon Alexa and Google Home, 
can transform the lives of older and frail adults by 
allowing them to set reminders, ask for informa-
tion or control various home technologies such as 
lights, temperature, and automatic blinds on their 
behalf. Despite the benefits, some users encounter 
difficulties in interacting with such devices due to 
the non-conversational style these devices are ad-
opting. Having to recall keywords and specific syn-
taxes to enable the devices and trigger commands 
and the short amount of time in which these need 
to be spoken can constitute a problem for people 
with cognitive issues. IntraVox, on the other hand, 
improves the usability of voice-enabled personal 
assistants by removing the necessity for the user 
to remember and pronounce specific commands 
whilst also reinforcing the syntax and the useful-
ness of those commands. 

IntraVox also gives users insights into what is hap-
pening in their homes and by using a familiar and 
recognizable voice to provide reminders, prompts, 
and commands, it also combines functionality with 
personalisation. Assistive technology interventions 
can be effective. However, they need to be flexib-
le and customized to the individual (Dawe, 2006, 
Salai et al., 2021). It is important to personalise 
interventions as there cannot be a generic, one-si-
ze-fits-all approach to social care (McGee-Lennon 
and Gray, 2007). With this in mind, the two Intra-
Vox solutions that we identified are highly perso-
nalized to the individual’s home and tailored to 
their needs. 

Agility is also key to optimising the use of ever-
yday technology to support frail and older people 
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in their homes. Both IntraVox solutions are agile; 
as the purpose evolves, these can be changed in 
response to reflection and assessment of the end-
users needs. For instance, we were initially focu-
sing on IntraVox sending smart home commands 
to voice-enabled personal assistants which in re-
turn would control smart home devices and pro-
cesses. However, in the height of the COVID-19 
pandemic, it was highly important that IntraVox 
could provide reminders and prompts for those 
with memory problems to wash their hands regu-
larly. This change was easily implemented by sim-
ply changing the position of sensors and re-pro-
gramming the message provided by IntraVox. This 
agile feature of IntraVox can be embedded in an 
individual’s habitual practices and ensures multi-
functionality and responsiveness to ever-changing 
needs, lifestyles, and health conditions. 
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2. Connected Ambient Assistance -
Achievements, Current Status and Future Prospects 
Rainer Lutze, Jochen Bauer, Klemens Waldhör 

(Elizaveta Tomashevska - stock.adobe.com) 

Abstract 
Connected ambient assistance systems support elderly people - or people in need of care - for a self-determined, 
healthy and safe living in their familiar home until very old age. The systems typically communicate with nursing 

relatives or remote professional caregiving providers. The basic functions of stationary assistance systems inclu-
de the detection of a) falls and b) deviant behavior indicating a health hazard. These kernel tasks of assistance 

have been amended in the course of time by a plenitude of more general assistant functions. Wearable devices, 
like programmable smartwatches, extend the reach of stationary assistance beyond the spatial boundaries of 
the familiar home. They extend the scope of wellbeing monitoring by analyzing the wearer’s heart rate in rela-
tion to the current physical activity and can also verify sufficient liquid ingestion, drinking, thus compensating 

the diminishing natural sensation of thirst at increasing age. Home robots also extend the scope of wellbeing 

monitoring within the home and relieve from the necessity of a comprehensive sensoric instrumentation of the 

home. So far, ambient assistant systems can primarily provide assistance only in the physiological dimension. 
Cognitive ambient assistance, which allows the participation in the social communication on an equal footing, 
today is beyond their abilities. The advances in artificial intelligence are about to change the picture. From an 

economic point of view, the dissemination and success of assistance systems has been slowed down within the 

last decade by lacking wide-spread interaction standards as well as the shortage of necessary multivalent utility 

of such systems. In contrast, the smart home concept offering increased comfort and sustainability has gained 

a lot of attractivity in the same time. Therefore, commercially successful assistance systems must provide their 
utility in all three dimensions: assistance, but also simultaneously in comfort/safety and sustainability. 

Keywords: active assisted living (AAL), comfort and safety of living, connected ambient assistance for the 
elderly, machine learning, robotics, smartwatch/wearables, stationary assistance, sustainability. 
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1 Motivation and the Need for Assistance
Connected ambient assistant systems are IT-systems 
aiming to support a healthy, safe and self-determi-
ned living of elderly persons or persons in need of 
care in their familiar home until very old age. The 
purpose of such assistant systems is threefold. First 
of all, they must support the elderly persons or per-
son in need of care itself. These persons are the (im-
mediate) users of the assistance system. In order 
to effectively support its user, the assistance has to 
react to the events in the environment of the user. 
Therefore, it is referred to as ambient assistance sys-
tem and is equipped with a number of sensors to 
achieve the task. Additionally, the system is required 
to deliver support and services to further stakehol-
ders. It shall support caregiving relatives in their de-
manding task in order to assure a minimum private 
life independent from the caregiving task. At the end 
of 2017, about 52% of 3,41 million persons in need 
of care in Germany have been exclusively nursed by 
family members (DESTATIS,  2019). Finally, the assis-
tance system shall deliver qualified data about the 
user to a remote professional care center, typically 
a home emergency call center (HECC), in order to 
allow customized interventions. These services for 
non-user stakeholders can be only provided, if the 
ambient assistant system is connected to them via 
a speech and/or data link. Traditionally, the link has 
been the plain old telephone system (POTS), but 
more ambitious services (e.g., transfer of user vi-
tal data, the user’s location) require the Internet of 
things (IOT), wired or wireless via the 4G, 5G mobile 
phone/radio network. Such connected ambient as-
sistance systems are at the center of this chapter. For 
brevity, we will denominate them simply as “assis-
tance systems” in the following. Such assistant sys-
tems are a focal area of the ambient assistant living 
(AAL) field of research. This AAL field has attracted 
researchers around the world for about a decade, 
in order to look for innovative applications of smart 

home technology, artificial intelligence and teleme-
dicine especially for the elderly.

The need of support for this user group is given by 
the following problems associated with aging: 
• One third of all people aged 65 and more are 

suffering from a fall once a year. The cost of such 
falls for the health system, and the risk of an ir-
reversible deterioration of the personal health, 
is strong proportional with the time span until 
a medical intervention takes place in the case of 
an occurred health hazard. 

• The natural feeling of thirst is diminishing at hig-
her age. Insufficient drinking causes an unnoti-
ceable, progressing mental/spatial disorder and 
poor performance with an increasing risk of ac-
cidents. 

• The prevalence of Alzheimer’s disease (AD), the 
most common form of dementia for elderly per-
sons, in Europe is 8,6% in the average (increasing 
from 1,3% in the age group 65-69 to 40,9% for 
elderly persons 90 years of age and more (Bi-
ckel, 2020). Mild cognitive impairment (MCI), a 
cognitive disorder excessing typical aged-based 
forgetfulness due to brain aging, is a frequent 
predecessor of AD. Approximately 12-18% of 
people aged 60 or older are suffering from MCI 
(USA Alzheimer’s Association, 2021). 

In section 2 of this paper, we will briefly describe 
the requirements for connected ambient assistan-
ce systems. In section 3, we summarize important 
concepts of the assistance technology and explain 
the sensors used for those systems. In section 4, 
we review the achievements in the area of statio-
nary assistance systems, which have established 
the first generation of connected ambient assis-
tant systems. Section 5 is dedicated to home ro-
bots and section 6 to wearable assistance systems, 
which are at the forefront of assistance technology 
today. In section 7, we outline the status and fu-
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ture of cognitive assistant systems, where we do 
expect the next technological breakthrough in the 
future.     

2 Requirements for Connected Ambient 
Assistance Systems 
The requirements that have to be fulfilled for a 
deployment of assistance systems can be differ-
entiated in i) acceptance, ii) usability aspects, iii) 
everyday suitability, and iv) legal resp. regulatory 
boundary conditions. The necessity of a convin-
cing value proposition which will finally trigger a 
buying decision of a user – or their relatives: typi-
cally, children – will be discussed lastly. 

2.1 Acceptance 
Users do want non-stigmatizing, unobtrusive assis-
tant devices. This requirement results in dedicated 
devices of no / low visibility or multipurpose de-
vices like smartphones, smartwatches, for which it 
cannot be concluded on the need of assistance for 
the wearer. 

Users want to be in control of the assistance sys-
tem at any time, especially, which behavior resp. 
person-related data are provided to other parties. 
This claim is valid as long as the user is conscious 
and can deliberately react to the assistance sys-
tem’s output. If this condition does not hold, the 
system is expected to take over and start automa-
tic remote alerting in case of a hazardous situa-
tion. This implies that before any remote alerting 
or data transmission takes place, the user shall be 
given the chance of terminating the process by a 
suitable prealert. Ultimately, this can result in an 
ethical conflict between the ranking of self-endan-
germent and self-determination. Determining the 
situational context, when the user is willing to be 
disturbed by a prealert of the assistance system, is 
a challenging task (see subsection 6.4 below).    
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Users want no or only minimal breakup work at 
home for the installation of the assistance system. 
Furthermore, they request no or only minimal re-
gular maintenance work on the system. The sum of 
these requirements can be fulfilled at most for new 
homes. For already existing homes, the installation 
of wired assistance systems typically needs brea-
kup work and wireless systems need regular main-
tenance for battery charging and replacement. An 
especially critical point is the necessary automa-
tic shutdown and later powering up of dangerous 
devices in the household (e.g., electric stoves) for 
periods of absence of the inhabitants. Installation 
of remotely controlled contactors for electric sto-
ves typically supplied by 3-phase current requires 
breakup work and certified electricians. 

2.2 Usability Aspects 

With respect to the designated target group, no 
regular actions by the user shall be required to 
keep the assistance system functional. If regular 
charging of a wireless assistance system will be 
necessary, the charging process shall not require 
fine motor skills of the user. Contactless, inductive 
charging by placing the device to be charged ne-
arby the charging source meets this requirement. 
If regular charging is required for the functionality 
of the assistance system, the continuous utilization 
period before recharging must be at least a full 18-
hour day. The longer, the better. 

If there is a shortage of energy for the functionality 
of the assistance system, a stepwise retraction on 
essential functionalities (“graceful degradation”) 
shall take place. The critical communication functi-
on for remote alerting and/or a conversation with 
a remote HECC or family members must be kept 
functional until last.      

Pets in the household shall be tolerated by the as-
sistance systems and must not be mixed up with 
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the user. The assistance system should also sup-
port multi-person households, where the person 
in need of care lives together with spouses, com-
panions or relatives in no need of care (see also 
Lutze, 2014). 

The reach of the assistance system shall be adjus-
ted to the mobility of its user. If the user regularly 
leaves the familiar home, the assistance system 
shall accompany him and stay functional during 
the trip. 

2.3 Everyday Suitability 
The everyday suitability of wired assistance sys-
tems supplied by the power grid must also fore-
see a continued functionality in case of a blackout 
by a suitable battery backup. Such a blackout may 
be also caused internally. A typical application sce-
nario is the triggering of a residual-current circuit 
breaker caused by a defective coffee machine. For 
battery operated assistance devices, it is a good 
practice to call the user via POTS or the cellular 
network (on a different device) with a clear notice 
to recharge the assistant device in due time, befo-
re it ceases its services. Automatically remembe-
ring a user about an overdue attachment of his/ 
her wearable assistant device, e.g., a smartwatch, 
in the morning, is also an effective practice, if it will 
be performed in an appropriate manner. 

2.4 Legal / Regulatory Boundary Conditions 

Ambient assistance systems will typically process 
person related data or even health data of the 
user. The EU GDPR regulation (GDPR, 2016) requi-
res in article 4, (11) a voluntary, informed consent 
of a user of the assistance system – or the legal 
representative of the user – prior to using the as-
sistance system. This consent must be persistently 
documented and compliant to the formalities in 
article 7 and article 12, 1 (“concise, transparent, 
intelligible and easily accessible form, using clear 
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and plain language”) especially for the purpose of 
profiling in the definition of article 4, (4) GDPR. A 
movement profile is a frequent constituent of an 
assistance system. Processing of health data in an 
assistance system is only permitted by the explicit 
exemptions stated in article 9, 2 (c) of the EU GDPR 
in order “to protect the vital interests of the data 
subject […]”. Article 35, 1 of the EU GDPR man-
dates the producer to perform a data protection 
impact assessment, if new technologies (e.g., ar-
tificial intelligence) are used for the assistant sys-
tem or “processing on a large scale” of health data 
takes place therein. If the designated purpose of 
the assistance system includes prevention, diagno-
sis, prognosis, monitoring, therapy or alleviation 
of diseases, injuries or disabilities, the assistance 
system has to be classified as a regulated medical 
product and the EU medical device regulation (EU 
MDR, 2017) will apply (Lutze, 2018 for details and 
consequences).   

2.5 Value Proposition Triggering a Buying Deci-
sion 

So far, connected ambient assistant systems have 
not gained a noticeable market share – neither in 
Europe nor elsewhere in the world. The reasons 
are manifold. Definitely, still lacking wide-spread 
interaction standards and protocols have slowed 
down their dissemination (see section 4). Our cen-
tral hypothesis is that commercial successful assis-
tance systems need to bear a multivalent utility for 
the user, which includes more than assistance tech-
nology (Lutze, 2011). The increasing attractivity of 
smart home systems in the last decade indicates 
that stationary assistance systems must also fea-
ture comfort/safety aspects (e.g., by remote con-
trol of the home, simulation of virtual inhabitants 
in case of absence) and sustainability by increased 
energy efficiency (e.g., only usage-based heating/ 
cooling). Upfront smartwatches from Apple, Sam-
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sung today also include assistance functions (fall 
detection and automatic alerting, heart rate moni-
toring). They are even a regulated medical product 
with respect to their 1-channel electrocardiogram 
capable to detect atrial fibrillation. Nevertheless, 
they are typically bought as stylish gadgets for fit-
ness tracking, autonomous music replay and wire-
less communication.   

3 Definitions and Concepts 
In this section, we define and elucidate the cen-
tral components and concepts used by connected 
ambient assistant systems. Two essential concepts 
have been developed of recognizing health signifi-
cant deviant behavior of the user: 1) the inactivity 
analysis of Litz (Floeck & Litz, 2008, Rodner & Litz, 
2014) described in subsection 3.1, and 2) the re-
cognition of the events and activities of daily living 
for calculating the wellbeing of users (Suryadevara 
& Mukhopadhyay, 2014), (Lutze & Waldhör, 2017a) 
described in subsection 3.2. These concepts stem 
both on sensors, which will be reviewed in subsec-
tion 3.3. 

3.1 Inactivity Analysis 

The strength of the inactivity analysis is the fact, 
that only cost efficient, standard smart home sen-
sors (e.g., passive infrared radiation (PIR) resp. ca-
pacitive HF movement or presence sensors, see 
section 3.3.1) will be needed. The analysis moni-
tors the individual maximum admissible inactivity 
of the user during specific periods of the day and 
night. The individual maximum values for a specific 
period of time – at day or nighttime - indicating a 
usual behavior of the user have to be acquired in a 
prior training phase of the assistance system. The 
original analysis has been improved by finite state 
machines (Lutze, 2014) modelling the topological 
structure of the home, in order to cut down false 
positive and false negative alerts, taking into ac-

count the non-perfect sensor signals. 

The initial vulnerability of the inactivity analysis 
by false negative or false positive alerts caused 
by imperfect presence sensors resp. lost sensor 
signals has been solved (Danacher & Lesage & 
Litz, 2012, Lutze, 2014) by improving the inacti-
vity analysis by a finite state machine modelling 
the topological structure of a home. The states 
of the machine model the occupancy of the diffe-
rent rooms with persons (plus a separate state for 
the “outside world”), the state transitions model 
the movement of persons between the rooms of 
the home resp. the entrance into the home/exit 
from the home). For a one-person household the 
states correspond directly to the specific rooms 
(plus the “outside world”). The observed presen-
ce of persons within a room will be persistently 
recorded by the current state of the automaton; 
movements of persons between rooms will cause 
a corresponding admissible state transition. In this 
way, no present inhabitant of a flat can be lost by 
the assistance system, even in case of an imperfect 
resp. lost sensor signal. As an intended site effect, 
the current state of the automaton also discloses 
the (indoor) location of the inhabitants within the 
home. This will help to direct external intervention 
teams arriving at the home immediately to the 
locality. The finite state machine approach only 
works correctly when starting with a verified occu-
pancy of the home, which can be typically assured 
at later nighttime when all lights, TV, etc. are shut 
off and the inhabitants are in the bedroom. 

The inherent limitation of the inactivity analysis 
is the limited informative value about the actual 
health of the inhabitants in the home. Furthermo-
re, the analysis is not tolerant to pets moving free-
ly in home, e.g., dogs or cats, if the used sensors 
cannot securely filter out/exclude such pets (see 
subsection 3.3.1).   
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3.2 Wellbeing Calculation via ADLs, EDLs 

If an assistance system shall continuously monitor 
the wellbeing of its users, a precise, individual de-
finition of wellbeing will be mandatory. The defini-
tion is based on the individual performance of the 
activities of daily living (ADLs), as defined by S. Katz 
(Katz, 1983) in the scope of care management. L. 
Juchli has introduced and refined the systematics 
for care giving in Germany (Juchli, 1991). For the 
purpose of assistance system, the original Katz 
ADLs have been restricted on a subset of computa-
tionally discernible ADLs like nightly sleep, eating, 
drinking, etc . The wellbeing measurement is then 
based on the duration and distribution, presen-
ce, of these ADL during the course of the day, as 
proposed by Suryadevara & Mukhopadhyay. In 
(Lutze & Waldhör, 2017a), ADLs have been further 
decomposed in events of daily living (EDLs). EDLs 
indicate either the starting and ending points of 
ADLs in time (e.g., retiring to bed and rising-up in 
morning enclosing the ADL nightly sleep) or are in-
dependent events like falls. The wellbeing calcula-
tion is based on the amount of deviation from the 
individual, usual performance of those ADLs, mea-
sured by nominal values. A decisive nominal value 
is the usual duration of the ADL. The original well-
being calculation of Suryadevara & Mukhopadhyay 
was based on the two factors: 1) (excess) duration 
of ADLs and 2) temporal distance between ADLs. 
We have amended the formula by a third factor 
of agility (movement of the user), further conditio-
ned by the absence of falls (see Lutze & Waldhör, 
2017a for the details of the complex wellbeing cal-
culation). Whenever the calculated wellbeing va-
lue falls below a certain threshold, a health hazard 
will be concluded by the assistance systems and 
further steps will be initiated.    

The nominal values of the usual ADL performance 

have to be acquired in a prior training phase of the 
assistance systems. These nominal values need to 
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be regularly adapted to the different seasons of the 
year and typically also depend on different days of 
the week. Additionally, the differentiation between 
work days and national holidays needs to be con-
sidered. With the integration of agility as a third 
factor of wellbeing, a more fine-grained model for 
calculating the applicable nominal values gains im-
portance, taking into account also the local weat-
her conditions. As a rule of thumb, at least a two-
week training period will be necessary for learning 
the individual nominal ADLs from the user, before 
the assistance system can deliver meaningful con-
clusions (Suryadevara & Mukhopadhyay, 2014 for 
the duration of the training phase). 

The strength of the wellbeing calculation based on 
EDLs, ADLs are the far-reaching conclusions which 
can be derived from it, its weakness is the pleni-
tude of sensors and complexity of calculations in 
order to recognize EDLs and ADLs. 

3.3 Sensors 
We will review the most common sensors for sta-
tionary assistant systems first. A complete over-
view of all sensors utilized for stationary assistance 
system can be found in (Sanchez & Pfeiffer & Skeie, 
2017). Afterwards, we continue with the typically 
completely different sensors for wearable assis-
tant systems. 

3.3.1 Stationary Sensors 

A central purpose of stationary sensors is to ver-
ify the presence of the user of an assistant system 
and – if possible – his/her current body posture 
in order to exclude a potential fall. A weakness of 
practically all stationary sensors – apart from video 
cameras – is their principal inability to differentiate 
between the user of the assistant system and an-
other person. The usage of images, which would 
allow the identification of the user via recognition, 
is widely not accepted to due privacy concerns. 
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Low-cost movement sensors react on significant 
movement of a person and thus lose contact of a 
person standing for a while, sitting or being recum-
bent in bed or on the floor – they are not really 
suited for the purpose of the ambient assistance 
task. More expensive presence sensors register 
the abdominal respiratory movements and thus 
can detect a living species in any position. Upf-
ront presence sensors additionally verify the re-
spiratory frequency and can differentiate between 
a human and a pet, e.g., Steinel True Presence® 
Sensor (Steinel, 2021). Another advantage of pre-
sence sensors is that they are often available as a 
two-channel variant. One channel is used by the 
assistance system and the other channel direct-
ly switches on the lighting in the corresponding 
room. Sufficient light cannot be underestimated 
in its importance for the prevention of accidents 
(Klein, 2020, section 2.3). Klein 2020 reports – for 
example – that persons aged 60 have a four times 
as high light requirement than persons at the age 
of twenty. 

Whereas presence sensors are mounted at the 

ceiling of a room, capacitive floor sensors for de-
tecting the presence of a person are mounted 
exhaustively beyond the floor. They require consi-
deration already in the planning phase of a new 
home. Otherwise, massive breakup work for re-
novation and a completely new floor construction 
will be necessary. The decisive advantage of floor 
sensors against ceiling mounted presence sensors 
is that they can detect fallen persons lying on the 
floor directly. Furthermore, they can trace the 
movement of different persons through the home 
simultaneously and can typically differentiate bet-
ween human and pets, e.g., SensFloor® (FutureS-
hape 2021). The disadvantage of the technology 
is the high price (> 100€ / m2) proportional to the 
size of the home. 
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With respect to the otherwise necessary plenitude 
of sensors distributed in the home, the concept of 
only a very few central smart (power, water) me-
ters for monitoring the electric power and water 
consumption within a home has attracted a lot 
of attention. One perceivable advantage of the 
approach is the differentiation between human 
beings and pets, which typically cannot cause a 
corresponding consumption by their own. The 
challenge of the approach is the potential simulta-
neity of appliances causing current drains and the 
necessary differentiation, what is caused delibera-
tely by an inhabitant of the home (e.g., brewing 
a coffee) and what is caused automatically by al-
gorithmic resp. time control (e.g., movement of a 
shutter). In regards to the water consumption the 
task is not as hard as for the electric consumption, 
but also in this case manual toilet use and kitchen 
operations have to be differentiated from time-
controlled dishwashers, washing machines or gar-
den watering. If the identification of specific ma-
nually operated appliances by their energy profile 
has been successfully learned by the assistances 
system, even the identification of single ADLs will 
be possible (Clement & Ploennings & Kabitzsch, 
2014). The limitation of the approach is the in-
ability to assign recognized ADLs to an individual 
person in case of a multi-person household. And 
of course, the installation of such central smart 
meters with require certified technicians and may 
include non-trivial space requirements for already 
existing homes.        

So far, any kind of camera technology, which is very 
well suited not only to identify the user of the as-
sistance system, but also a fallen person by ana-
lysis of the body posture, has massively failed due 
to acceptance caveats and privacy concerns. Obvi-
ously, no one wants a video camera capturing ana-
tomical details or intimate action in the bathroom 
or bedroom, which unfortunately statistically are 
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prominent locations of falls. Even the use of depth 
camera, which only capture the time of flight 
(TOF), or a strict local image processing in the cor-
responding room, which only send alerts, but no 
images outside, has reduced these reservations of 
potential users.      

3.3.2 Wearable sensors

Wearable non-invasively sensors which collect va-
rious data from devices worn by the user are key 
components for the identification and classifica-
tion of ADLs and EDLs and the usage of smartwat-
ches as a support device for persons in need of 
care. Those sensors have to be distinguished from 
implantable sensors which measure – for example 
- blood sugar and related medical measures which 
are not in the focus of this chapter. Smartwatches 
and wearables may contain several different sen-
sors like:

IInertial sensors are nowadays part of many mo-
bile devices, such as smartphones, tablets, and 
wearables and similar devices. Those sensors 
detect changes in the motion and orientation of 
the wearer of the device. Using those sensors for 
motion detection has several advantages for the 
user, amongst them are: portability of the end 
device, usage regardless of location and context, 
non-obstructiveness and they can even be worn 
without being recognized. The sensor hardware of 
a typical smartwatch is based on microelectrome-
chanical systems (MEMS). These sensors are cha-
racterized by their small size which make them an 
ideal object to integrate sensors in mobile devices. 
They are built on tiny silicon plates which convert 
dynamic pressure changes into electrical signals. 
The first three sensors accelerometer, gyrometer 
and magnetometer in that order represent the key 

Sensor Type Function and usage

Accelerometer Acceleration relative to earth; fall detection

Gyrometer Rotation measure; fall detection

Magnetometer North-South measure; fall detection

(Air) Pressure sensors Pressure at location; fall detection

GPS 
although not really a classical sensor it plays an important role
for localizing users; location detection

Pulse sensors Indicator for stress, arousal, physical exertion

Temperature sensors Indicator for illness

Skin resistance sensors Indicator for stress, arousal

ECG sensors Indicator for stress, heart attack

Blood pressure sensors Indicator for stress, arousal, hypertonicity, …

Table 1: Overview of sensors and their usage: From those the first six are the most important ones and can found in nearly every wea-
rable device. The remaining sensors exist only in prototype versions and therefore not further mentioned here, although they may 

play a key role in further applications. (Waldhör) 
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sensors for determining ADLS and EDLs. They are 
very precise and react fast on movements. Com-
bing the measurements of these three sensors 
using a sensor fusion algorithm allows to determi-
ne the absolute position of a device in space and 
thus the dynamics of a movement over time. 

Figure 1: Orientation of the sensor axes of a typical EMS 
device: (Baldauf 2015, p. 19) 

Accelerometer: Acceleration is measured in m/s2, 
in most cases in fractions of the earth acceleration 
of 9.91 m/s2. For a three-dimensional acquisition 
of the acceleration, three acceleration sensors are 
mounted 90° relative to each other. They are ba-
sed on so-called spring-mass systems where both 
springs and the test mass are made from silicon. In 
case of an acceleration the test mass moves and 
those changes are detected by electric capacity 
changes of a fixed electrode. The advantage of 
these approach is its fast reaction time, in typical 
smart watches up to 1000 measures per second 
are possible. The core of the sensors are so-call 
measurement cells. Each of these cells consists of 
two capacitors connected in series, with a total of 
three capacitor plates connected by spiral springs. 
The middle capacitor plate is movable due to its 
suspension on the springs and shifts in the direc-
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tion of one of the two outer capacitor plates when 
an ex-ternal acceleration force is applied. Based on 
the resulting capacitance change in the capacitors, 
the acceleration of the sensor can be measured 
vertically to the capacitor plates of the sensing ele-
ments (Baldauf, 2015). 

Gyrometer: Gyroscopes measure the rotation 
speed of a mass resp. the angular velocity. Unit is 
in most cas-es is °/s. Gyroscope measures are ba-
sed on Coriolis vibratory gyroscopes. The core uses 
a vibratory test element that vibrates at a specific 
frequency. Rotations of the test element within a 
plane result in a measurable change of the vibra-
tion, caused by the Coriolis force and converted 
with a piezoelectric sensor into voltage values. To 
perform a three-dimensional measurement of the 
rotation of the sensor, the vibration of the test ele-
ment is determined using three different piezoe-
lectric sensors. The sensors are arranged in three 
axes at an angle of 90° to each other (Fig 1). The 
gyroscope measures three angular velocity values, 
one for each of the X, Y and Z axes. The angular 
velocity indicates the speed of rotation of the sen-
sor as a function of time. In many cases accelero-
meters and gyrometer sensors are packaged into a 
single device. 

Magnetometer: MEMS based magnetometer de-
tect magnetic fields. Unit of measure is Tesla kg/ 
(A s2). The measurement method is based on the 
magnetic flux density and operates relative to the 
magnetic poles of the earth. The measurement 
method is similar to those of a MEMS accelerome-
ter. It uses a current-carrying conductor which is 
deflected by the Lorentz force. The position chan-
ges lead to a change in capacitance between the 
two outer capacitor plates. The strength of this 
capacitance change allows conclusions about the 
strength of the magnetic flux density. If the values 
of three magnetometers offset by 90° are bund-
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led, three measured values describe the spatial 
distribution of magnetic fields. 

Pressure sensor: MEMS based pressure sensors 
use the effect that pressure results in charge se-
paration in crystals which in turn is converted into 
voltage using charge amplifiers. A membrane is 
used to transform air pressure into force which can 
be recognized by Piezo-resistive elements. Typical-
ly, air pressure is measured by this type of sensor. 
Although a pressure sensor makes much sense for 
detecting falls, they are of limited help. Rapid mo-
vement changes, e.g. in falls are hard to detect due 
to the inertia of the sensor. On the other hand, or 
detecting small height differences are also mostly 
beyond the accuracy of the sensor, e.g., when drin-
king a glass of water, one needs to detect changes 
of 10-20 cm with one second. 

Temperature sensor: The basis of such a sensor is 
the temperature dependency of a silicone diode 
where the output voltage produced depends on 
the temperature. Temperature sensors so far do 
not play an important role in wearable devices alt-
hough this may change when used as an indicator 
for changes in health, e.g., in case of an infection 
when body temperature rises. 

Skin resistance sensor: This sensor measures the 
resistance resp. the conductance of the human 
skin. Although not really used in smartwatches 
specialized devices which measure stress may of-
ten use them. 

GPS: The Global Positioning system (GPS) is a sa-
tellite-based navigation system. Satellites provide 
their exact position in coded radio signals. The re-
ceiver uses the signal delays of several satel-lites 
to determine its own position (latitude, altitude, 
height above sea level) and speed. Thus, the posi-
tion of a user wearing a GPS enabled smartwatch 
can be identified up to 1 m depending on the sys-
tem used. Although GPS does not really play an 

important role for the detection of ADLs/EDLS this 
module is used to submit the position of a user in 
case of an urgency. Disadvantages of GPS is that 
it consumes a lot of current and it has a heavy in-
fluence on the wearing and usage time of the de-
vices. Another disadvantage is its inability to mea-
sure the position within buildings. 

Pulse sensor: Heart frequency is measured by sen-
ding out green light form diodes into the skin tissue 
and measuring the reflected light (photoplethys-
mogram). Blood absorbs this green light and the 
intensity of the reflected light changes. From this 
the heart frequency can be determined. In case of 
a fall detection the pulse sensor can be used as an 
additional indicator if a fall has occurred. 

ECG Sensor: ECG (electrocardiogram) is normally 
measured with 6 or 12 simultaneous recordings 
using electrodes which are positioned on various 
parts of the body, e.g., chest leads. Smartwatches 
can only record a 1-channel ECG with a bipolar lead 
according to Einthoven in position I (both upper 
extremities). This lead is done between the con-
ductive backside of the smartwatch at the wrist of 
one arm and the finger tip of the hand of the op-
posite arm, where the smartwatch is not worn. To 
perform the recording, a corresponding finger is 
pressed against a conductive button of the smart-
watch for a period of about 30 seconds. In case of 
the Apple Watch, this button is inside the “crown”. 
The recording may identify abnormalities in the si-
nus rhythm of the heart and can detect especially 
atrial fibrillation. 

4 Stationary Ambient Assistance 
One of the first stationary ambient assistance sys-
tems was the KNX based PAUL system developed 
by L. Litz and his team at the TU Kaiserlautern, 
the Personal Assisted Unit for Living (Floeck & Litz, 
2008, 2009). Due to the substantial (and expensi-
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ve) breakup work for the KNX bus cabling, typically 
rejected by the inhabitants/users, for existing flats 
the system has been extended for wireless com-
munication via EnOcean or ZigBee sensors (Floeck 
& Litz, 2010). Paul is based on inactivity analysis 
and operated by a touchscreen tablet (see. fig. 1). 
In order to minimize false positive alerts, for each 
recognized hazardous situation within a home, the 
system issues an automatic call to the inhabitants 
via POTS. When answering this prealert call, the 
inhabitant is asked either to cancel the prealert 
on the PAUL tablet or informed that otherwise an 
alert forwarding to a HECC will take place short-
ly thereafter. The latter takes place too, if the call 
is not answered at all. In any case, before sending 
out an intervention team, the HECC also places a 
second call to the inhabitant via POTS in order to 
clarify the situation on the spot. 

The PAUL system is based on a central server per 
flat or building. The functionality also includes a 
number of audio and/or video-based communi-
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cation features, for example a front door video 
communication system. The system has been en-
hanced over the course of the years (e.g., Rodner 
& Litz, 2014) and is now commercially available 
(meinPAUL™ by CIBEK). 

The reasons why connected stationary ambient as-
sistant systems like PAUL have not gained a broa-
der market share are manifold. One aspect are 
the sensors. The KNX bus system is expensive and 
typically planned and installed only for new apart-
ment houses, not single-family homes. An efficient 
positioning of the motion/presence sensors de-
pends on the later furnishing and is therefore very 
difficult to foresee in the planning phase of the 
building (Rodner & Litz, 2014). On the other hand, 
wireless motion/presence sensors, which can be 
easily attached at the best position, require regular 
battery maintenance resp. replacement. An EnO-
cean style energy harvesting is typically not possib-
le for such sensors. The sensor signal transmission 
via Wifi also is susceptible to temporal disturban-

Figure 2: PAUL Tablet GUI, (Technische Universität Kaiserslautern, https://www.eit.uni-kl.de/db-litz/assisted_living/website/ 
paul.html) 
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ces, which might result in false negative alerts. An-
other aspect of the missing market success may 
stem from the inherent limitations of the inactivity 
analysis used. It is dedicated to one-person house-
holds without (freely moving) pets. More import-
ant, inactivity analysis cannot directly sense falls, 
but only the deviant behavior as a consequence of 
falls. Monitoring of vital parameters, e.g., pulse, or 
health relevant behavior like sufficient drinking, is 
completely beyond the capabilities of the inactivi-
ty analysis approach.             

Another critical aspect of connected assistance sys-
tems – for stationary as well as mobile, wearable 
systems - are the interface standards and protocols 
for external communication with a HECC in case of 
a health hazard/alert. Ideally, a lot of situational in-
formation about the home and relevant vital data 
of the inhabitant in need of care shall be given to 
the HECC. This provides the necessary background 
information for the agent on duty in the HECC to 
decide on the next steps. Only very slowly, closed 
shop provider based proprietary communication 
protocols are replaced – or at least amended - by 
open, standard protocols like the social care alarm 
internet protocol (SCAIP, 2014), supporting also 
IoT. SCAIP does only support a two-point commu-
nication between assistance systems and HECC. 
A message bus based, producer - subscriber ba-
sed multipoint communication would be a supe-
rior alternative. With the universAAL open-source 
platform (universAAL, 2018), a rapid development 
middleware for IoT solutions is on the table, but 
up-to-date remains in the academic environment. 

With the new German law for improvement of di-
gital patient care (DVPMG 21), the possibilities for 
legally integrating videoconference consultations 
with physicians have been improved. Patients will 
get a digital identity to authenticate themselves 
against their physicians. Physicians will be allowed 
to charge up to 30% of all their patients via video 
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consultations. Psychotherapeutic acute services 
will be included in the scope of accountable video 
consultations. In the future, easy-to-use integra-
tion of such video consultations (e.g., meinPaul) 
may boost the attractivity of connected stationary 
assistance systems by increasing their multivalent 
utility. 

One of the most important acceptance barriers 

for stationary assistance systems is the necessary 
custom planning, installation, and integration ef-
fort. At least for the control problem, the openHAB 
consortium (openHAB 2021) proposes a techno-
logy agnostic open standard, which is meanwhile 
supported is supported by more than 2.000 home 
appliances and the major voice-controlled home 
assistants (Google Assistant, Amazon Alexa, Apple 
Homekit).e.g. smart meters, electric contactors 

for algorithmically switching off resp. powering 
up electric stoves with 3-phase current, the ardu-
ous and costly utilization of specialized engineers 
for planning of the assistance systems as well as 
trained, certified technicians for installing the sys-
tem is – and will be - indispensable. A standardized 
transfer of the available usage patterns for the dif-
ferent rooms of the home - learned by the assistan-
ce system - to a different heating/cooling control 
system for this home in order to reduce energy 
costs typically is – and will be - next to impossib-
le. As long as this acceptance barrier will not be 
teared down, connected stationary ambient assis-
tance systems will not gain a lot of attractivity to 
potential customers in the prospering home auto-
mation market.  

5 Ambient Assistance Robots 
In the following chapter, AAL related robotic sys-
tems are defined and classified. Examples of ro-
bots are then given and the associated challenges 
for promising solutions are identified. The chapter 
concludes with summary and an outlook. 
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Figure 3: Order of relevant terms of the robotic and service robotic domain (Bauer) 

5.1 Definition and Classification of AAL Robots 

Service robots can be subdivided in many ways 
(see fig. 3) (Bauer et al, 2020). Furthermore, ro-
bots can be categorized according to their target 
area, such as emotion, logistics, communication or 
handling robots. For this chapter the care domain 
is the most relevant one, but the others are tou-
ched as well. 

For the domain of AAL, various stakeholders need 

to be considered. On the one hand, residents must 
be empowered to remain in their own homes as 
long as possible. Here, the most wide-spread con-
cerns that lead to a move out of their home en-
vironment must be addressed, such as not being 
found in an emergency situation or asking for too 
much help to master day-to-day life. AAL systems 
in general can provide helpful support in this re-
gard, as already described above, and robots in 
particular serve as an ideal addition to existing AAL 
solutions due to their ability to move around and 

act as an interface for several third-party systems 
(Bauer et al., 2018). Furthermore, the various sta-
keholders are interconnected and this needs to be 
considered as well to create sustainable solutions 
and business models, i.e. the systems need to be 
integrated flawlessly in surrounding processes. 

There are several different possibilities to create a 
landscape of existing service robots, e.g., for the 
care domain you can focus on the level of automa-
tion and the collaboration. The degree of automa-
tion ranges from remotely controlled by a person 
to autonomous operations capable of self-lear-
ning. Regarding the collaboration, the range spans 
from systems that are working isolated from other 
people to systems that are very close to the peo-
ples’ body, such as a lifting system that is in direct 
contact with the resident. Likewise, a distinction 
must be made between systems that are primarily 
used only in research versus systems that are avai-
lable as products. 
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Robots Name Category and Targeted Domain

Paro Emotional

Softbank Pepper Communication, Therapy

Sanbot Elf Communication, Market Place

temi Communication, Market Place

Care-o-Bot Communication, Grippers, Research

MLR Casero Logistics

Roger Therapy, Gait-Analysis

Boston Dynmics Spot Platform, advanced moving and interaction skills (opens doors)

Double 3 Communication

OpenBot Satellite Approach

Table 2: Overview of some of current robots which are common in the care domain. (Bauer)

5.2 Example of AAL Robots
There is hardly a domain in which technological 
progress is more evident than in the field of robo-
tics. The first promising robotic systems are now 
on the market or are being used in research pro-
jects (see table 2). 

In the upcoming paragraphs some of these sys-
tems will be described in more detail. Paro is an 
emotional robot and helps elderly which suffer un-
der dementia. The robot looks like a baby seal and 
reacts to touches made by the user (see fig. 4).

Figure 4: Paro robot reacts to touches from people and is 
helpful for elderly with dementia. (Franke 2019, p.410)
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Figure 5: Pepper of Softbank robotics as a robot platform 
which look was highly accepted by people, especially younger 

people. (Institute FAPS)
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In recent years more and more communication 
robots entered the market, like Pepper, Sanbot, 
Temi and Double 3 (see fig. 5 to fig. 8). These ro-
bots contain several sensors (see table 3), i.e. the 
Sanbot Elf offers around 10 sensor elements (see 
fig. 9). 

Figure 6: Sanbot Elf robot helps people to interact and 
communicate with others, there is even a beamer system 

installed on this robot. (Sanbot)  

Figure 7: Temi robot offers a market place with several 
health-related apps and contains a variety of sensors to 

adress different tasks. (Medisana) 

Figure 8: The Double 3 Hero robot, a remote-controlled 
mobile tablet approach. (Institute FAPS) 
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Sanbot	Elf Pepper Temi

Dimensions[mm]	
[H,W,D)

902	x	421	x	331 1200	x	485	x	425 1000	x	350	x	450	

Weight[kg] 19 28 12

Costs	[€] ca.	5000€ ca.	20.000€ ca.	5000€

Speed[m/s] 0,8 1,39 1

Uptime	[h] 10 12 8

Touchscreen Breast-height Breast-height head

2	Tiefen-Kameras
1	RGB	Kamera

3D 3D	Sensor 3D	Kamera 360°	LIDAR

Mikrofon 7 4 4

Touchsensoren/	taktile	
Sensoren

12 5

6	Lasers
2	Sonar

Gyroskop x x

IMU	Sensor
6	time	Flight	Sensoren

Abstandssensoren 15	Infrared 5	Distance-based

Sonstiges Elektrischer	Kompass

Camera 2	RGB 2	HD-Kameras

Table 3: Overview of attributes of three different communication-based robots, here the Temi, Sanbot and Pepper. (Bauer)
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Figure 9: Sanbot Elf sensors overview . (Bauer et al., 2018)

Figure 10: MLR Casero robot, which handles containers in 
professional caretaking surroundings and hospitals (Franke 

2019, p.417). 
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In addition to the communication focused robots 
there are special robots for specific tasks like the 
MLR Casero for logistic support (see fig. 10). There 

are several other task-specific systems like lifting 
systems and smart medical carts. 

The most challenging systems are these which con-
tain some grippers and interact with people. Such 
high end examples and even platform approaches 
are the care-o-bot (see fig. 11) and spot (see fig. 
12). Both systems offer grippers and highly advan-
ced use cases related to difficult environments or 
human-machine interaction.
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Figure 11: Care-O-bot from Fraunhofer IPA, a research-
centric platform approach from Germany. (Franke 2019, 

p.416) 

Figure 12: Boston Dynamics Spot robot platform approach 
which can operate in flat and complex environments.

                   (Boston Dynamics) 

The section shows that robotic-specific approa-
ches evolve continuously and more and more AAL 
systems are entering the market. In particular, it 
can be stated positively that robots such as the 
temi, with a targeted market price of around EUR 
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5,000, are approaching price regions that slowly 
allow embedding the system in a use case-based 
business model. 

5.3 Challenges
In the previous section we described the current 
state of the art of AAL systems and showed some 
examples. Various main challenges can be identi-
fied to achieve a promising approach that will be 
accepted by a broad audience. Usually, the first 
question when creating a new concept for a robot 
is whether a specific platform needs to be built and 
tailored, or an already existing, case specific sys-
tem can be used? The main aspects, which need 
to be considered are an adequate price for the sys-
tem, a proper system robustness, an appropriate 
integration into existing systems and processes, as 
well as legal and market-specific conditions. 

Robotics systems are becoming less and less ex-
pensive. In the field of communication robots, ta-
blet-centric mobile communication robots, e.g., 
Pepper (USD 15,000), Sanbot (EUR 8,000), Temi 
(EUR 5000), Double3 (EUR 5000), Pepper was the 
first of these in the market, Temi entered the mar-
ket around 2 years ago. Likewise, such trends are 
visible in other robot categories as well like vacuum 
cleaning robots, for example when Xiaomi entered 
the market in 2016 with a product that achieves si-
milar results compared to 1000 EUR robots with a 
price of 300 EUR. The AAL service robot platforms 
are just entering the market, but are still too ex-
pensive for sustainable business models. The Care-
O-bot research platform quickly reaches prices of 
150.000 EUR, depending on the chosen system 
modules. The Spot platform from Boston Dyna-
mics starts at around 70.000 USD. The main cost 
drivers are in particular the gripper units, which 
often cost more than 50.000 EUR. In this field, the 
product from Franka Emika, called Panda (see fig. 
13) offered a price of around 12.000 EUR. There 
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are currently no combined systems consisting of a 
mobile unit in combination with a low-cost gripper 
targeting a target price of less than 20.000 EUR for 
a platform. In addition to the initial costs for the 
platform you need to consider that these days the 
robots are not working to full capacity, so adding 
multi-client capabilities and leasing models seem 
to make sense.  

Figure 13: Franka Emika Panda robot, a promising 7-degree-
of-freedom gripper system which reduced overall platform  

costs.  (Institute FAPS) 
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The robots often consist of numerous sensors and 
at least one computer unit, often in combination 
with an external tablet and a connection to the 
system provider's cloud service. In around ten ye-
ars of everyday practice in the research lab, we can 
assess that the robots are usually offering their 
services and functions reliably in a laboratory en-
vironment. Anyway, in real world scenarios these 
systems often still have problems due to the large 
number of components and crashing subsystems 
on runtime: Pepper has a built-in camera and if 
this camera stops working the whole system will 
be halted. Another challenge is related to the sub-
systems’ update procedures. Sanbot is offering an 
Android operating system for its built-in tablet. To 
connect to the robot’s core unit there is a vendor 

specific Android library. Unfortunately, it is not 
possible to update the tablet automatically and 
the supported Android API version to develop own 
modules will become outdated only after a short 
amount of time. Moreover, the support is not ca-
pable of fast reactions. For professional caretakers 
it is necessary to agree for appropriate service le-
vel agreements regarding response time and up-
date intervals. This is especially critical as more 
and more facilities start to implement information 
security management systems and related risk 
analysis methods will not accept a fully integrated 
insecure device on the local network. Summing 
up, it is good to offer such products for a smaller 
price, but system providers should offer extending 
service packages as well.

Interoperability problems exist in many domains, 
often reference architecture models (Industrie 
4.0, AAL, Smart Living) are helpful to identify in-
teroperability issues (Bauer et al, 2020a). Such a 
model for AAL robotics has not been defined, yet. 
Regardless, the interoperability issue is extremely 
challenging for AAL robotics systems because the 
systems internally consist of many subsystems 
and often need to interact across domains. Con-
sequently, it is not yet resolved today that robots 
can substitute each other, i.e., when communica-
ting to third-party systems in different domains 
(hospitals, care sector, and private residential en-
vironments). As domain-wide advanced semantic 
system interaction slowly evolves, the subject of 
research in the AAL robotics field, which needs a 
combination of these efforts cannot be expected 
in less than 5 years.

Human-robot collaboration poses numerous chal-
lenges. There are promising concepts to address 
these challenges. For example, in research projects 
with the Care-o-Bot system the robot grippers are 
only exercised after turning away from the inter-



 

 

 Introduction | Papers | 

action partner to reduce the risk to a minimum. 
Furthermore, resistance-based gripper strategies 
minimize the risks for the humans as well. Howe-
ver, it remains an open question how robots need 
to be designed so that liability issues arising from 
any accidents can be assessed and so that relevant 
safety zones can be designed and considered into 
related business models as well. Fortunately, the 
German funding landscape has recognized these 
open questions and is providing appropriate calls 
so that these issues can be investigated further. 

5.4 Conclusions and Outlook 

Despite the challenges described before, service 
robotics is one of, if not the most important tool 
facing the demands of demographic change (Klein 
et al., 2020). The advancing digitalization and the 
availability of third-party interfaces, at best with 
semantic information, will make mobile robots 
equipped with sensor technology the next mega-
trend. Of course, the aim here is not to replace 
human-based interaction, but to improve peoples’ 
comfort and fulfill tasks they want to avoid in the 
background, so that they have more resources 
available for the preferred human to human inter-
action. German government is also slowly imple-
menting the first opportunities, such as digital 
health applications and digital care applications, 
that it will be less challenging for digital assistance 
systems that they can become part of the health 
and care sector.   

From a purely technological perspective, service 
robotics will benefit from existing cross-domain 
data sovereignty concepts. Numerous challenges 
will be adequately addressed if the data creators 
(patients, residents, caregivers, etc.) can confiden-
tially manage their own data securely and grant 
access for third parties for their data. In this way, 
many open challenges to cloud-based storage and 
acceptance problems among data creators will be 

Interdisciplinary-Student-Projects | Authors 

solved, especially if the creator of the data will be 
able to watch relevant data storage accesses by 
receiving related reports. The first promising ap-
proaches are currently emerging, for example the 
European GAIA-X initiative.  

Currently, robotics manufacturers are focusing ei-
ther on their own platform or on precisely one use 
cases or a small group of use cases. It remains to 
be seen whether a common platform will prevail. 
In addition to the mobile robot approaches alrea-
dy available today, alternative ideas also play a role 
here, which in turn could possibly have a disrupti-
ve effect, but which themselves still have to over-
come unsolved challenges. At this point, drones 
should be mentioned, which can overcome stairs 
without any efforts. Another approach is to equip 
small mobile vehicles with tiny computers, I.e. 
Raspberry Pis and / or cell phones. Such systems 
operate at low cost and usually there is one vehicle 
per floor. The OpenBot concept (see fig. 14) can be 
further developed in this direction of a satellite-ro-
bot network with a smart home gateway or a Temi 
robot as a main robot. 
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Figure 14: OpenBot Concept Vehicle with the main frame (1), cell phone (2), optical speed sensors (3), battery (4), drives (5), LED 
(6), PCB (7), Arduino Nano (8), OLED Display (9) and distance-based sensors (10). (Bauer) 
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6 Wearable Ambient Assistance
Wearable ambient assistant systems have three 
decisive advantages over stationary assistant sys-
tems: i) their reach is not restricted to the spa-
tial borders of the home, ii) they can differentia-
te between the user of the assistant system, the 
person in need of care, and other persons in the 
household, and, iii) they can directly recognize the 
ADLs and EDLs of daily living, and, in doing so they 
monitor important vital data of the user. The limit-
ations of wearables are: a) they must be actually 
worn in order to work, and, b) as battery operated 
devices, the must be regularly charged. It turned 
out in our field test (Klein et al., 2016) with smart-
watches in rural and urban areas of the state of 
Hessia, Germany, that these limitations were typi-
cally observed, if the users had become acquain-
ted with the culture of mobile phones during their 
prior (working) life. We will focus in this section on 
smartwatches programmable via apps as the cur-
rently most relevant wearables. The supremacy of 
smartwatch-based ADL recognition against mobile 
devices has been also confirmed by (Weiss & Tim-
ko & Gallagher, 2016). For example, Smartwatches 
gain their strength in fall detection in that they are 
reliable worn at the wrist and will be on duty du-
ring the whole course of a day. In contrast, smart-

phones are typically put aside from time to time, 
especially during accident susceptible activities 
like showering.

In subsection 6.1, we summarize the important 
steps in the development of the general-purpose 
smartwatch product segment. In subsection 6.2 
we describe the recognition of ADLs and EDLs and 
the acquisition of data for this task. In subsection 
6.3, we continue with the conclusion of present 
health hazards based the prior recognized ADLs, 
EDLs. Finally, in section 6.4 the graceful interaction 
between the user and his/her smartwatch will be 
described, in order to communicate the findings of 
the smartwatch assistance app to the user and – if 
necessary – to corresponding remote sites.
 
6.1 Connected Smartwatch Products
In November 2014, Samsung launched the first 
connected, programmable smartwatch with Blue-
tooth, WiFi, GPS and a 3G cellular radio, the Gear 
S™, featuring a curved 2’’ AMOLED display (see fig. 
19 for our assistance app for this device). From the 
beginning, Samsung fostered their own ecosystem 
around the Tizen™ operating system. The strength 
of this watch was its unique curved design with the 
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rather large display and its autonomous communi-
cation capability via 3G, including phone calls, data 
exchange, SMS. For the application domain under 
consideration, the weaknesses of the design inclu-
ded the recharging of the watch via a wired male 
connector, whose positioning required fine-moto-
ric capabilities typically available no longer within 
the target group. Also, the compartment housing 
the mini SIM card, located on the backside of the 
smartwatch, was rather vulnerable to sweat/steam 
evaporating from the human skin. This regularly 
caused malfunction of the cellular radio, entailing 
a complete software reinstallation. 

The principal solution to this problem has been the 
usage of tightly soldered eSIMs. These eSIMs – and 
the necessary infrastructure of the Telcos offering 
such eSIM tariffs – were introduced in Europe only 
in the autumn of 2017 with their first 3G watch, 
the Apple Watch 3. A year later, 2018, Samsung 
followed with the Galaxy Watch™. The Samsung 
smartwatches Gear S2™ and S3, which introduced 
this innovative eSIM feature in 2015 resp. 2016, 
were only offered only regionally in Asia and US 
due to this lacking global Telco infrastructure at 
that time. The future-oriented contactless (induc-
tive) charging was introduced from the very begin-
ning for the Apple Watch 1 released in April 2015. 
It was taken over later in that year by Samsung for 
their Galaxy S2™ watch and in the following years 
- in form of the standardized Qi charging - for their 
Galaxy Watch™ series. In 2015, the manufacturer 
LG introduced its connected Urbane™ smartwatch, 
which was on an equal footing with the Samsung 
and Apple product offering of that time. The LG Ur-

bane™ utilized Google’s dedicated Wear™ operati-
on system for smartwatches and the Google Play™ 

ecosystem. But, the LG watch technology was not 
further elaborated towards eSIMs and contactless 
charging; consequently LG left the smartwatch 
market in 2016. In contrast, the Chinese manufac-
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turer Huawei carefully noticed the features desi-
red by the market for connected smartwatches. 
The manufacturer elaborated its original “Huawei 
Watch” model from 2015 in spring 2017 by a 3G 
cellular radio, equipped with a nano SIM card, the 
“Huawei Watch 2”. In 2018, the nano SIM card was 
replaced with an eSIM. The latest model “Huawei 
Watch 3” of 2021 now also features contactless, 
inductive charging. Due to geopolitical trends, it 
is the first Chinese smartwatch with an own ope-
rating system, Harmony OS, and a corresponding 
eco-system: Huawei App Gallery™. 

In fall 2018, with the Apple Watch 4, the first con-
nected smartwatch with a 1-channel-ECG was in-
troduced, cleared by the regulatory bodies around 
the world as a regulated medical product for de-
tecting atrial fibrillation. The Apple smartwatch 
also featured an automatic fall detection with 
automatic alerting via 3G/LTE, a feature, which we 
had already introduced in our initial assistance app 
for the Gear S™ in 2015. Samsung followed this ap-
proach in 2019 with the Galaxy Watch Active 2™. 
In the course of the CoVID-19 pandemic, many 
leading smartwatches including those from Apple, 
Huawei, Polar, Samsung and Withings introduced 
in 2020 a – non-medical grade – measurement of 
the blood oxygen saturation (SpO2) at the wrist. 
Unfortunately, such measurements still presup-
pose a rest behavior the corresponding arm, to 
which the smartwatch is attached, which makes 
this measurement rather impractical for typical 
smart-watch use on the move. 

For their latest smartwatch models, including the 
Galaxy Watch 3™, end of 2020 Samsung got clea-
rance for cuffless blood pressure measurement at 
the wrist. In principle, this feature will be of very 
high importance, because all three basic vital pa-
rameters: pulse rate, blood oxygen saturation and 
blood pressure then would be available for a emer-
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gency analysis by an assistance system. The road 
capability of blood pressure measurement at the 
wrist has to be judged by a calibration free perfor-
mance of this measurement. With regard to this 
aspect, Samsung still cannot really convince. Their 
smartwatch measurement presupposes a regular 
monthly calibration process with a standard cali-
brated cuff device. This process must be exclusive-
ly performed with the Samsung Health Monitor™ 
app running on a Samsung smartphone. Moreo-
ver, trustworthy measurements additionally requi-
re a prior rest period of 5 minutes taken in a sitting 
body position.  

6.2 Smartwatches, Sensors and Acquisition of 
Training Data
Developing data mining (DM) and machine lear-
ning (ML) applications usually follows a structu-
red approach. A classical model often used is the 
CRISP-DM model. It is an iterative, recursive pro-
cess-based approach which has been successfully 

used in many data science projects. It consists of 
five phases which can be rerun several times till 
the intended application model works as expected.

The CRISP-DM model is quite elaborated and 
its main focus is on applying ML to existing data 
sources. This is similar to the KDD process ap-
proach (knowledge discovery in databases). Devel-
oping an ADL/EDL recognition application requires 
esp. understanding the source of the data which 
are needed to run such an application successfully. 
In the CRISP DM model this is part of the phases 
business understanding and data understanding. 

Based on the requirements of this application pro-
ject the CRISP DM model was therefore modi-fied 
into a model which focusses more on the data as 
such. Developing sophisticated business models 
and use cases does not stand in the focus of this 
development. Figure 16 shows the phases 1 to 5 
specifically applied to ADL/EDL recognition.

Figure 15: Comparison CRISP-DM process model (left) vs. the data-oriented process model (right) used in the article (Waldhör)
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Figure 16: Data oriented process model applied to ADL/EDL recognition (Waldhör)
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The first phase mainly deals with analyzing the 
data sources. In this case the sensors are investi-
gated which are needed to fulfill the requirements 
of being able to recognize movement-based ac-
tions. The output of this phase is a description a) 
which sensors, b) which hardware/software requi-
rements with regard to real time analysis and c) 
the data features produced by the sensors inclu-
ding tolerances and limitations are needed.

The second phase is the data acquisition and pre-
paration phase. It is based on the results of the 
first phase. This ML model agnostic phase acqui-
res the data from various sources for the model 
development phase, runs acquisition experiments 
with a set of different users and devices. In parallel 
it applies data exploration, visualization and pre-

paration and creates the fundamental databases 
used for developing models.

The ML models are developed and trained and tes-
ted in the third phase. This includes checking va-
rious ML models from logistic regression towards 
sophisticated neural nets like LSTM NNs. Finally, 
this phase selects the models which will be ported 
and deployed to the smartwatch.

The fourth phase applies the model to real time 
data. Models are installed on wearable devices 
and rolled out to public usage. There is a subpha-
se which actually not shown in the model before 
which deals with implementing a hardware/soft-
ware architecture and infrastructure. Part of this 
subphase is developing an appropriate software 
architecture, testing and rolling out. More infor-
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mation on software architectures for Smartwat-
ches can be found in (Waldhör & Guttenberger, 
2017) or (Lutze & Waldhör, 2017c). This subphase 
may in real world projects be executed in parallel 
with phases 2 and 3.

The fifth phase improves the trained models by 
analyzing the data from phase three, esp. by loo-
king at those cases where ADLs/EDLs could not be 
detected or have been wrongly classified. This in-
cludes on the one hand the improving individual 
user specific model parameters and on the other 
hand tuning the overall model.

In the following only phases 2 and 3 are outlined in 
more detail in subsections 6.1.1 and 6.1.2.

6.2.1 Data Acquisition and Preparation

In a first step of phase 2 a sensor data gathering 
app was developed. The wearers of smartwatches 
with this app installed performed ADLs and EDLs 
like tumbling, drinking, brushing, combing, sha-
ving, washing etc. In the start we collected about 
1000 different instances of those activities (Table 
1). This initial data collection was extended during 
the project to about 3000 instances. In order to 
simulate the behavior of elderly a special suite was 
used (Full 2019). The app reads the sensor data for 
about 10 seconds and stores them locally in a CSV 
file. The local data are then transferred to work-
station PCs where the training of the ML models 
(phase 3) is performed. The data were collected 
using Tizen based smartwatches (Samsung Gear 
S), partially also with a Sony watch and a Samsung 
Gear Live both using an Android Wear OS. Data 
gathering experiments were run with different set 
of users of various ages.

The collected sensor data were prepared and adap-
ted, standardized using the following approach:
a) All sensor data were standardized and inter-

polated into a fixed time interval (20 milli-se-
conds). In addition, some filters were applied, 
e.g., a high/low pass filter or the data transfor-
med using FFT. The details of this procedure 
depended on the ML model applied.

b) Missing values due to read errors from the 
smartwatch were removed or optionally reco-
ded.

c) A core set of 39 statistical attributes (mean, 
standard deviation, minimum, maximum, in-
ter quartile, zero passage) were computed for 
each ADL. In most cases the sensors produced 
three different values, one for the x, y and z 
axes. Dependent variable was ADL type (Acti-
vity), independent variables the 39 statistical 
attributes.

d) In order to keep the data balanced with regard 
to the number of different ADLs/EDLs noising 
techniques were used to extend the original 
data (Full, 2019). This was an optional step.

e) If a time series model was used the raw data 
were used from step a) (Freise et al., 2020)

f). For each ADL/EDL collected a data record was 
written into a new CSV summary file together 
with the information which type of ADL/EDL 
was performed and the user who was wearing 
the watch. This resulted in several ADL sum-
mary files depending on the hypothesis to be 
proven. This type of data modelling is referred 
further as characteristic feature model (CFM) 

as it does not directly create ML models on the 
raw data. In later steps, e.g., for testing diffe-
rent ML models ADLs/EDLs were further divi-
ded in groups like tumble/non-tumbles depen-
ding on the intention of the analysis.
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ADL/EDL No. Cases
Other ADLs 
(non-
tumble)

Comb 39
Drink 105
Eat 13
Other 205
Shave 132
Tooth 378
Tumble 66
Wash 63
Sum 1001 935

Table 4: Distribution of frequencies of collected ADLs/EDLs. For 
the tumbling analysis ADLs all non-tumbling ADLs/EDLs (drink-
ing, brushing, combing, washing, shaving, walking…) were map-

ped into Other ADLs. Adapted from (Lutze & Waldhör, 2016)

6.2.2 Data Modelling and Evaluation

In this phase 3 several different data mining and 
machine learning techniques were applied. Sys-
tems used are Rapid Miner® analytics, Tensorflow 
and Python. In the following we present the mo-
dels and results derived from the different experi-
ments and tests run.

Experiment 1: ADL drinking detection

The following is based on Baldauf (2015) and 
Waldhör & Baldauf (2015). The goal was to explo-
re if drinking can be recognized with a smartwatch. 
Dehydration because of insufficient fluid in-take 
of elderly people is a common problem which is 
mainly caused by the diminishing sensation of 
thirst at higher age. This can evoke subtle lethargy, 
weakness, irritability, phantasmagorias and lack of 
concentration enhancing domestic accidents, e.g., 
tumbles.

For this experiment three different smartwatches 
were used: Samsung Gear Live, Samsung Gear S 
and a Sony Smartwatch 3. The sensor data were 
modelled using the characteristic feature model 

(CFM) approach explained. Two ML models were 
tested: A logistic regression model and a neural 
net model. Both models were implemented in Ra-
pid Miner. It turned out that both models operate 
nearly at the same level, with a slight advantage 
for the neural net (Baldauf, 2015).

A real time recognition was implemented and eva-
luated based on the logistic regression model. The 
logistic model was chosen as it was less resource 
intensive compared to the neural net model. The 
user was wearing the smart watch and during this 
time he or she performed some drinking ADLs 
and other ADLs. The overall performance in real 
live was quite impressive. About 16% of the non-
drinking ADLs were classified as drinking ADLs. Alt-
hough this might look as a relative high percentage 
one has to keep in mind that the intention of this 
ADL detection was to motivate elderly to ingest 
water. Taking this into account this level of wrong 
classification was acceptable.

As a summary of this first set of experiments it 
could be shown that based on the characteristic 
feature model (CFM) the approach showed great 
potential and that it can be extended to further 
ADLs and EDLs. The recognition rates achieved a 
performance which would allow the models to be 
applied to the real world.

Experiment 2: Extending the model to tumble re-

cognition

Based on the experiences of the first experiment 
“drinking recognition” the experiments were ex-
tended into further directions:

a) Additional ADLs/EDLs were added, esp. the de-
tection of tumbles came into the focus of re-
search. Also, hygienic activities like tooth brus-
hing and hand washing were recorded as there 
are some indications that dementia goes along 
with reduced hygienic activities.
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b) The number of ML models from logistic regres-
sion and neural networks should be increased 
in order to find the best models. This is quite 
important. When applying the model to the 
real world one has only limited resources avai-
lable on a smartwatch (memory, battery, etc.). 
While running ML models on a PC (or even a 
mobile phone) could be successful the same 
model may fail due to memory and battery re-
sources on a smartwatch.

c) A key question is if the trained ML models are 
independent from a specific user or not. This 
has massive consequences on the training of 
the data. If the models depend on user this re-
quires running training models for each user. 
This brings in some overhead, problems with 
collecting sufficient ADLs/EDLs per user and 
requires additional time for model training for 
each user. More serious this requires training 
tumbles with elderly which obviously is inhe-
rently dangerous and was not feasible.

The following results are taken from (Lutze & 
Waldhör, 2016). Answering b) was done with train-
ing nine different well-established data mining mo-
dels: a) neural network with one layer, b) logistic 
regression, c) linear discriminant analysis, cluste-
ring, d) k-NN Means, e) support vector machine, f) 
Naïve Bayes, g) decision tree, h) random forest and 
i) rule induction. The ML models used the data of 
the characteristic feature model (CFM). All expe-
riments were run using cross validation. The data 
were split up into two sets, a training set consisting 
of 66% of all cases, the test set containing the re-
maining 33% cases. The resulting ML models were 
divided into three different groups. The ML groups 
were created based on their recall and precision 
values. The first – best - group contains neural nets, 
logistic regression and linear discriminant analysis 
(LDA). All three best models yielded very similar 
recall and precision results, differences between 
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them are only minor. This result is in line with ot-
her analysis found before for other ADLs and EDLs 
analysis (Lutze & Waldhör, 2017b). More details 
for all models can be found in (Lutze & Waldhör, 
2016).

The necessity of user specific ML model was ana-
lyzed in (Lutze & Waldhör, 2017b). In a modified 
experiment a neural net with four different ADLs/
EDLs (drinking, tumbling, tooth brushing and all 
other ADls/EDLs) was trained with 2375 different 
data records It could be shown that the recogniti-
on rates are significantly higher if the specific user 
data are part of the training set. Anyway, tumbles 
were detected perfectly both for totally unknown 
and know users. A core model trained with all exis-
ting data sets enhanced with individual training 
data and retrained models seems to be optimal. 
This may not require to retrain the core model 
every time, here incremental model training tech-
niques could be used.

Experiment 3: Balancing data, artificial data en-

hancements and feature reduction 

In (Dobrenziki et al., 2017) tumble models whe-
re trained by simulating different types of falls in 
climbing halls in order to minimize risks of severe 
injuries. The disadvantage was, that all involved 
person were relatively young, thus the generaliza-
tion for elderly may be doubtful. The data set was 
also enhanced by adding long term activities which 
did not contain tumbles. False/positives were used 
to retrain the neural net models. Recognition rates 
above 96% could be achieved with the best mo-
dels.

In (Full & Dobrenziki, 2018) the recorded data sets 
were enhanced by applying specific techniques of 
long-term recordings up to 105.000 records and 
adding additional ADLs/EDLs. They also identified 
false/positives and reused the misclassified cases 
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in additional training rounds. In addition, further 
data preparation and cleaning steps were applied 
as well as further models have been checked for 
suitability. Both training and test set showed simi-
lar prediction rates above 90%. In their case 164 
features were used compared to 39 features in the 
previous experiments. In a further step an analy-
sis was made which of the 164 features could be 
removed to increase performance without a loss 
in recognition rates. The features focused here are 
FFT transforms of the time series-based sensor 
data. The analysis resulted in a subset of about 100 
features. This leads to a slightly better recognition 
rates as well resulted in a faster training time. As 
tumbles were underrepresented in the dataset, 
they applied artificial data enhancement techni-
ques. They could show improvements on the re-
cognition rates for tumbles by using random noi-
se and jitter data enhancement methods without 
running into overfitting issues. 

Tumbles could be identified at a very good rate. 
The main problems are still false/positives (F/P) on 
all other activities. Even an F/P rate of 1 per 1000 
can result in unacceptable false alarm rate. This 
depends how the ADLs/EDL recognition is perfor-
med. If a smart watch check runs every second and 
uses a F/P rate of 1/1000 it would result in about 
3 false alarms per hour. Clearly this is not accepta-
ble. While this does not really is a problem for fal-
se alarms in the drinking case it is a problem with 
tumbles. For a further discussion on this topic see 
(Lutze & Waldhör, 2016a). 

Based on these previous results, Full (2019) over-
came the problem, that elderly may tumble in dif-
ferent ways than younger people do, by simulating 
falls with a special suite to imitate elderly move-
ments. This suit allows the simulation of degenera-
tion and the behavior of elderly by using weights, 
special shoes, special glasses and other impair-
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ments. Various activities and falls have been recor-
ded with different test persons of various mid ages 
wearing the suite. In order to scale up the num-
ber of activities to gain a more even distribution, 
a noising approach was used to equal the number 
of data records of tumbles and none-tumbles. He 
could achieve very good recognition rates both for 
drinking and tumbling in the area of 99,9 %. 

Experiment 4: LMST Neural networks – time se-

ries-based recognition of ADLs/EDLs 

The models so far work with the characteristic fea-
ture model (CFM). This requires that a pipe line 
of data transformations is run for each data set. A 
problem was that the original time series data sets 
did not contain equidistant time samples, but the 
time differed for each measure. 

In Freise et al. (2020) LSTM (Long Short-Term Me-
mory neural networks (Hochreiter & Schmidhuber 
1997) were used to model the ADLs/EDLs directly 
on the time series data. In a first check several in-
terpolations were applied to the data transforming 
the data into 20ms, 50ms etc. frames. Interestingly 
it could be shown that this has no influence on the 
recognition quality, thus the original values could 
be used form ML modelling. LSTM seem to be very 
tolerant with regard to unequal time intervals. 
Windowing was applied with different window si-
zes and overlapping. 

Based on this different LSTM models were tested: 
Standard LSTM, CNN-LSTM and Conv-LSTM. CNN-
LSTM came up with the best results. The model 
itself was applied to the test users in the data sets. 
Recognition rates varied between users, but CNN-
LSTM was always above 97 %. Using an inception 
time model (Huber, 2020) a slight improvement of 
the recognition rates to 99 % could be achieved. It 
also could be shown that window sizes have minor 
influence on the quality of the models. 
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Overall, this experiment showed that using LSTM 
based models are attractive alternative to the mo-
dels used in the three other experiments. Which 
one to use in a final implementation depends on 
the available resources. Here further test has to be 
done.

Summary of the four experimental series

Overall, it could be demonstrated that ML models 
can be successfully used to detect ADLs/EDLs. Re-
cognition rates are well above 95 %, depending on 
the model above 99 %. For some results see table 
5. A key success factor is the data gathering pro-
cess. Also, it could be demonstrated that the mo-
dels are user ignorant, this must be proven by fur-
ther experiments with more users and additional 
ADLs/EDLs. One problem remains is that nowadays 
smartwatches are limited mainly through their 
battery capacities. Running ML models for recog-
nition is a computing intensive process which con-
sumes a lot of energy. Maybe this problem could 
be mitigated once special AI chips are integrated 
into smartwatches. Till that the best architectu-
ral approach seems to be mixing data gathering 
on the smartwatch and running the recognition 
either on a smartphone or a cloud-based system. 
An example architecture is described in Waldhör, 
K., & Guttenberger, M. (2017). Further one could 
distinguish between live relevant evens (tumbling) 
and other events (drinking, tooth brushing). Live 
relevant events are detected on the smart watch, 
others on accompanying devices.

Drinking Recognition Measure Value
Sensitivity 0,982
Specificity 0,923
Accuracy 0,970

Sensitivity 0,975
Specificity 0,949
Accuracy 0,970

Sensitivity 0,968
Specificity 0,838
Accuracy 0,876

Tumble Recognition  
Sensitivity 0,960
Specificity 0,999
Accuracy 0,998

Logistic Regression 
Waldhör, Baldauf (2015)

Neural net  
Waldhör, Baldauf (2015)

Logistic Regression with real time recogni-    
tion 

Baldauf (2015)

Neural Net 
Dobrenziki A, Full F, Schwesig M (2017) 

Table 5: Results of the ML models from experiments 1 and 3 for 
ADLs/EDLs drinking ad tumbling (Waldhör)

6.3 Health Hazard Management
As soon as ADLs, EDLs have been recognized with 
the technologies described above in subsection 
6.1, these ADLs, EDLs need to be interpreted in 
the scope of potential health hazards for the user 
of the assistance system. Even if specific ADLs do 
not occur, e.g., liquid ingestion/drinking, this has 
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to be accounted too. As soon as a health hazard 
has been concluded by the assistance app running 
on the smartwatch, a handling procedure should 
be started for this health hazard. The handling 
procedure typically includes a structured dialogue 
with the user of the smartwatch, in order to verify 
the actual presence of the health hazard first, and 
then will initiate the appropriate actions, see sub-
section 6.4. Unfortunately, the assistance system 
has to monitor a number of health hazards simul-
taneously. These hazards include falls, insufficient 
drinking, abnormal vital data with respect to the 
current physical activities, runaway situations, 
insufficient sleep, etc.. Obviously, these hazards 
require different prioritization in their handling 
(see Lutze & Waldhör, 2017c, Table 1, for details). 
Health hazards with higher severity, e.g., a fall, 
require a more urgent handling than others with 
lower severity, e.g., insufficient drinking. If several 
health hazards are monitored simultaneously, the 
assistance system has to cope with the following 
potential situations: i) two health hazards of the 
same severity are concluded at the same time, ii) 
during the handling of a health hazard with lower 
severity a health hazard with higher severity is con-
cluded, which in principle would require privileged 
handling for the later one. We have solved such 
situations by strictly separating the conclusion of 
health hazards on one hand from a priority-based 



88

scheduling, selection and execution of structured 
handlings dialogues on the other hand (Lutze & 
Waldhör, 2017c, section 4.3). The execution of a 
structured handling dialogue with the user is per-
formed in an uninterruptable, always complete 
way as a critical dialogue section (CDS) (see Lutze 
& Waldhör, 2017c for a motivation and the details 
of this concept). This stringent approach is feasible 
because an individual handling dialogue takes at 
most only a very few minutes. And, of course, the 
user has always the possibility to cancel a situatio-
nally unwanted, ongoing dialogue initiated by the 
assistance system by performing a “shut up” gestu-
re or voice command (see following subsection).  

The health hazard conclusion process stems on 
volatile, empiric knowledge and thus should be re-
presented in a declarative form for cost effective 
maintenance of this knowledge. We use UML fi-
nite state machines for modelling this conclusion 
process, one state machine per health hazard (Lut-
ze & Waldhör, 2015). On one hand, this allows to 
model each health hazard conclusion separately, 

which from our perspective is the decisive argu-
ment for doing so. On the other hand, it burdens 
the load of a simultaneous execution of all state 
machines to the smartwatch app.

Within such an UML state machine, selected states 
represent stereotypes of health hazards (e.g., the 
state “insufficient_drinking” in fig. 17). These 
states have an attached priority, indicating the se-
verity of the concluded health hazard. When the 
machine reaches such a selected state as its cur-
rent state, the health hazard is concluded and the 
handling dialogue described in subsection 6.4 is 
initiated. The state transitions of the machine are 
performed, if either i) a real time period, for which 
the state machine has been in its current state, has 
expired (e.g., the “thirst-tmr” in fig. 17), or ii) an 
ADL, EDL has been recognized (e.g., the ADL “drin-
king” in fig. 17). After the execution of the handling 
dialogue, the state machine typically returns to its 
ini-tial state (e.g., state “normal_health” in fig. 17). 
Note: figure 17 depicts a simplified model only for 
explanatory purposes, which does not consider 

Figure 17: UML state machine for concluding the health hazard „insufficient drinking“ (Lutze)
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the varying liquid consumption of the smartwatch 
wearer due to different ambient temperatures and 
the amount of physical activity.

6.4 Smartwatch Based Dialogue Management
The execution of dialogues between an ambient 
assistance system running at a smartwatch app 
and the user wearing the smartwatch is governed 
by the following requirements: 

• The dialogue has to take into account also the 
situation that the user may not respond to the 
questions posed by the assistance system. For 
severe concluded health hazards, e.g., a fall, 
the necessary health hazard handling process 
must be completed especially in such a situati-
on. The fallen user might not be conscious and 
capable to react anymore. We have developed 
the CDS behavioral pattern for a model-based 
dialogue, ensuring always a complete dialogue 
design (fig. 3, see Lutze & Waldhör, 2017c, sec-
tion 4.4, for the details of the concept).

• The situational setting of the dialogue initiated 
by the assistance system has to be appropriate 
from the user’s perspective. “Appropriateness” 
clearly is an individual estimation of the user. 
For acquiring this information and determining 
the situational setting, we have decided to use 
machine learning, specifically reinforcement 
learning (Sutton & Barto, 2018). This learning 
will result in an individual adaption of the app 
behavior when entering dialogues with the 
smartwatch wearer will be most likely accep-
ted. (Lutze & Waldhör, 2020). 

The CDS behavioral pattern (fig. 18 for a depiction 
as a UML activity diagram) is composed of the fol-
lowing six consecutive steps:

1. [Inform] informing the user about the conclu-
ded acute hazard (“pre-alerting”) and explain-
ing, why the assistance app has concluded 
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(and is assuming) the presence of the hazar-
dous situation,

2. [Propose Decision] asking the user for a (unila-
teral or bilateral) decision: if the HECC shall be 
called (alerted) or if everything is OK (and no 
data transmission and speech connection shall 
take place),

3. [Wait] waiting for a reaction from the user. 
Within this period (about 30 seconds) the user 
needs to perceive the information presented 
to him and to make up his mind about the ap-
propriate reaction in the current situation,

4. [Confirm] confirming the immediate conse-
quences of a decision taken the user resp. in-
di-cating the immediate consequences of an 
omitted decision, if not obvious,    

5. [Transmit] transmitting relevant location and 
health data to a HECC, if this is situationally ap-
propriate and the user has indicated his con-
sent with this step or does not respond at all in 
the assumed hazardous situation. 

6. [Clarify] placing a clarification call via the cellu-
lar phone integrated in the smartwatch, if this 
is situationally appropriate and the user has in-
dicated his consent with this step or does not 
respond at all in the assumed hazardous situ-
ation. The prior transmitted data will be typi-
cally presented to the responding agent in the 
HECC and will help to understand the user’s 
momentary situation on the spot. 
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Figure 18: CDS behavioral pattern for a systematic dialog 
with the smartwatch user (UML activity diagram), (Lutze)  

Figure 19: Connected Ambient Assistance App for Samsung Gear S™ (Lutze)
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In implementing the reinforcement learning ap-
proach, first of all a new unobtrusive (“shut up”) 
gesture had to be added to the smartwatch reper-
toire of recognized gestures: slapping the opposite 
hand on the wrist where the smartwatch is worn 
in order to stop a situationally unwanted app-ini-
tiated dialogue. Alternatively, a spoken command 
could be implemented (“not now”). Clearly, the 
execution of this shut up gesture resp. command 
indicates a negative reward to the learning algo-
rithm. The immediate interrupt of an initiated CDS 
is the maximum negative reward. The complete 
execution of such a CDS (and cooperative partici-
pation of the smartwatch wearer) is the maximum 
positive reward to the algorithm. The learning al-
gorithm initially has to learn from examples (Rus-
sell & Norwig, 2016, chapter 18), when a health 
hazard handling dialogue has been allowed by the 
wearer in the past, and when not. To do so, poten-
tial situational parameters within the smartwatch’s 
sensorial horizon must be collected, which were 
present at the moment of allowance, interruption 
or denial of the dialogue. These situational para-
meters include the current geographic location of 
the smartwatch wearer, his/her movement speed, 
the time and day of the week. The sum of these pa-
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rameter values, the situational setting, is supposed 
to determine the acceptance of the dialogue in a 
specific situation. Although, the event of allowing, 
interrupting or denying a health hazard handling 
dialogue will typically occur only infrequentlyin 
everyday life of the smartwatch user. A second es-
sential requirement for the learning algorithm the-
refore is to generalize the experienced event and 
to transfer and apply it to comparable situations, 
when the same behavior of the algorithm will be 
probably expected from the user’s point of view. 
The details and limitations of the learning algo-
rithm are present-ed in (Lutze & Waldhör, 2020, 
sections 3.2 to 3.4).

7 The Future of Ambient Assistance
Today, connected ambient assistance systems can 
provide assistance primarily on the physiological 
level. They can recognize and react on falls, insuffi-
cient drinking, abnormal sleeps, insufficient or ex-
cessive movement, or significantly deviating heart 
rates with respect to the current physical activities. 
But, the ambient assistance for cognitive activities 
still is at an embryonic state. Providing static ad-
vices to a user is the current best-of-breed. This 
includes, for example, remembrances of birthdays 
for relatives, hints for the daily schedule or an up-
coming medication intake faded into the mirror of 
the bathroom when getting ready in the morning. 
But these aids are not really context-sensitive in 
that they deliver specific cognitive support in re-
action to the current happenings in the environ-
ment. (The only exception are mobile phones and 
smartwatches providing spatial orientation during 
trips based on the current location of the user de-
termined by GPS.)   

7.1 Cognitive Assistance 
The requirements for cognitive assistance are very 
clear: to alleviate the effects of age-related forget-

fulness and mix-ups. Compensating forgetfulness 
is even hard to solve algorithmically. Detecting, 
preventing or correcting unintentional mix-ups is 
even more difficult to be tackled in an algorithmic 
way, because it requires to understand the origi-
nal intention of the user. So, we focus on forgetful-
ness. A characteristic example of age-related for-
getfulness is the situation when seeing or meeting 
a known person, but the name of the person is not 
present at the moment. The saying claims that the 
corresponding name is on the “tip of the tongue”, 
but it not as present to be spoken.
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Figure 20: AR Glasses User – Symbolic Image (Lutze)

Apart from spatial orientation, the precondition 
for an effective ambient cognitive assistant will be 
an image sensor, so that the assistance system can 
visually analyze the current surrounding at eye’s 
level. The best position for such a sensor would be 
glasses, eventually also a necklace.
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Figure 21: Google Glass schematics (Lutze)
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7.1.1 The Google Glass Lesson

Google Glass (see fig. 20 and fig. 21) was a break-
through prototypical optical head-mounted, light-
weight (36 gr) display designed in the shape of a 
pair of glasses and marketed from 2013 to 2015. 
It was equipped with a 5 MP camera capable also 
to record 720p HD video, a microphone for audio 
input and a bone conduction transducer for acous-
tic output. The prism projector had a resolution 
of 640 x 360 pixels and was also compatible with 
prescribed focal lens. (This visually appears in the 
right glass as a 25-inch display seen in a distance 
of 2.5 m.) The programable device, operating with 
the Glass™ OS, featured a dual core ARM proces-
sor running at 733 MHz with 2GB dynamic and 
16 GB static storage. All typical wearable sensors 
were on board, the connectivity was with Wifi 
and Bluetooth. The device was stuffed with a 570 

mAh lithium-ion rechargeable battery. The inter-
action with the device was done via an integrated 
touchpad, but also via gestures and spoken natu-
ral language command. Ac remarkable cognitive 
assistant, Gabriel, has been built for Google glass 
by (Ha & Chen & Hu, 2014). Originally started as a 
ubiquitous computing device, Google has started 
reselling a moderately improved “Google Glass En-
terprise Edition 2” device from 2020 and primarily 
dedicated for applications in Logistics and other 
industrial or medical branches.

The experiments with the Google prototype have 
shown three major outcomes: 

1. The computational power of present weara-
bles is not sufficient at all, in order to achieve 
the maximum latency expected by the user for 
image analysis results of about 500 msec. Only 
by utilizing an edge computing infrastructure, 



 

 

 

 
 

 

 
 

 

 

 

 
 

 

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

this upper latency boundary can be met. Edge 
computing is defined by (Shi & Cao & Zang, 
2016) as “technologies allowing computations 
at the edge of the network, on downstream 
data on behalf of cloud services and on upstre-
am data on behalf of IOT services”. The basis 
of edge computing is a three-tier computing 
model (Shi & Pallis & Xu, 2019). IoT devices, 
wearables, span the first tier, servers with rich 
computational resources and located in the 
network neighborhood of the first-tier devi-
ces span the second tier (denominated edge 
or cloudlets), and central cloud services with 
practically unlimited computational power and 
resources, e.g., Amazon AWS, span the third 
tier. The Gabriel experiment has demonstra-
ted in detail that only by offloading the image 
analysis and speech understanding tasks from 
the glass device to the edge tier, the admissible 
maximal latency can be met. The edge compu-
ting servers typically utilize deep neuronal net-
works (DNNs) for their analysis resp. recogni-
tion task. In (Chen & Ran, 2019), the different 
application areas, types and results of DNNs 
for edge computing are reviewed. Their scope 
includes image analysis for face, object recog-
nition, action inference, and natural language 
understanding as well as training of the DNNs. 

2. The battery runtime of the Google Glass device 
with less than 2 hours (Ha & Chen & Hu, 2014) 
was far away from practical requirements de-
manding at least a full work day usage. 

3. Glass devices constitute not only a very diffi-
cult technical challenge, but also with respect 
to societal acceptance and privacy. Closer ana-
lysis of the Google Glass failure (Kim, 2018) 
turns out that it was primarily the perceived 
wrongness of gesture in the social interaction 
while using Google Glass, which led to the pro-
duct fail. A potential health related utilization 

of a future glass product was estimated a po-
tential, socially accepted application scenario 
by the people interviewed and literature ana-
lyzed by Kim. This assessment is also boosted, 
e.g., by the social acceptance of the ORCAM™ 
camera mounted to a side piece of spectacles. 
Via its front camera and built-in artificial intelli-
gence technology, the device recognizes texts, 
streets signs and money and describes them 
acoustically via earphones for visually impai-
red people (Klein, 2020, section 2.4.3). From 
the ethical perspective, the utilization of the 
technology seems to be defensible. If the cor-
responding image analysis is only used for lear-
ning, remembering, and identifying persons 
with whom the user has gotten into personal 
contact, and additionally this information will 
be strictly confined to local use within the as-
sistance system, the potential abuse of this 
sensitive information seems to be very limited. 
The potential abuse risks have to be balanced 
against the chances of a user to participate in 
the social and societal discussion at eye’s level 
via the device, in that he/she is able to address 
a person in the expected way by her individual 
name. This ability to participate in the social 
communication as long as possible cannot be 
overestimated in their individual importan-
ce for affected persons, for example suffering 
from cognitive MCI (Peterson, 1997). 

The situation for hardware devices as a volume 
market suitable basis of cognitive assistance has 
not changed substantially since 2015. Apple is only 
rumored to offer augmented reality glasses by the 
mid of this decade. Already presented recent pro-
totypes like Snap AR Spectacles are plagued by a 
bulky design, a shortage of battery runtime and a 
limited visibility in bright sunlight. Still a lot of very 
substantial hardware issues have to be solved be-
fore the hardware basis for a cognitive software 
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assistant will be available. Only the expectation 
has broadened since 2015, that AR glasses will be 
the “next big thing” in mobile devices. It has beco-
me evident, too, that AR glasses will not be a self-
sufficient product.   

7.1.2 Edge Computing

From the described Google Glass experiments it is 
clear that at least the acquisition of the necessary 
data for cognitive assistance will be only possible 
via powerful external computational resources, 
even if those data later will be used only locally 
within the assistance system.  For security and pri-
vacy policy enforcement with respect to the very 
sensitive nature of the images and conversation 
speech to be analyzed, the use of edge computing 
resources against central cloud services has decisi-
ve advantages (Satyanarayanan 2017, Shi & Pallis 
& Xu, 2019). Another strong argument in favor of 
edge computing is sustainability due to the redu-
ced energy required for edge computing versus 
cloud computing. 

To illustrate the significance of privacy for a cog-
nitive assistant equipped with image and sound 
sensor (camera and microphone), let us recall the 
typical algorithmic steps for assisting against for-
getfulness:  

• The assistant is regularly monitoring the beha-
vior of the user, if a conversation with another 
person takes place. For identifying such con-
versations and the presence of a conversation 
partner, the local image, movement, and posi-
tion sensors of the assistant will be used. 

• The captured images of a present conversation 
partner and the user speech will be sent to a 
connected edge computing server for further 
analysis. The edge computing server will iden-
tify a conversation partner via DNNs, if the face 
of this conversation partner has been learned 
by the DNN resp. is known from prior conver-
sations.   

• The user will be provided with the name of the 
current, previously met conversation partner 
in an unobtrusive way. The information may 

Figure 22: Edge Computing Schematics (Lutze)
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be provided visually on an augmented rea-
lity (AR) display of the glasses or acoustically 
via a headset resp. hearing aid. (Ha & Chen & 
Hu, 2014) propose to amend the information 
with an action advice of what to do next, e.g., 
shaking hands. This is the core functionality of 
their cognitive assistant Gabriel. 

• We propose that the assistant will amend the 
provided information by the date, time and 
location of the last conversation. If more in-
formation is at hand, e.g., the conversation 
partner celebrates his/her birthday on the spe-
cific day of the reunion, this information will 
be provided too. In the long term, when the 
speech understanding on the edge servers has 
elaborated, it will be desirable if the topic of 
user’s last conversation with the present dia-
logue partner can be automatically captured, 
summarized and stored by the assistant sys-
tem. The sum of this provided information will 
be very viable background information for de-
signing the conversation with the current dia-
log partner. 

• If a prior conversation partner cannot be re-
cognized within the images delivered to the 
edge server, it will be necessary to extract and 
learn the appearance (face) of this person 
from the images and the name of the person 
from speech understanding. This necessary, 
resource demanding DNN training process is 
one strong additional argument in favor of ex-
ternal computing resources, cloudlets. The ne-
cessary computational resources for this DNN 
training can be never afforded on IoT/weara-
ble devices. The metadata of the conversation, 
name of person, date, time and location of the 
dialog will be locally stored within the cogni-
tive assistance systems. The assistance system 
updates and amends its local data base about 
the new conversation. 

To sum up, the computation of cognitive assistan-
ce builds on the availability of extremely suscep-
tible person related information: face recognition 
and names of friends, dates, times and locations 
of meetings with them, maybe even the topics of 
the conversations. Strictly local processing of such 
information is not feasible for the foreseeable fu-
ture, central cloud services are not acceptable for 
security/privacy, latency, and energy aspects. A 
standardized edge computing infrastructure is still 
to be established during the next years.    

8. Conclusions 
Within the last decade, the performance and ver-
satility of connected ambient assistance systems 
have been significantly enhanced. With inactivi-
ty analysis or sensitive floor, the reaction time of 
the assistant systems to health hazards could be 
substantially reduced against the traditional home 
emergency call systems. Less reaction resp. inter-
vention time in this sector means much better 
changes for the reduction of the longterm con-
sequences of accidents in the home or suddenly 
emerged illnesses. 

Wearable assistance systems, especially smart-
watches, have extended the reach of assistance 
systems. The spatial reach of assistance could be 
extended beyond the familiar home to all loca-
tions, where cellular connectivity is available. The 
functional reach of assistance could be expanded 
to a constant monitoring of physiological import-
ant activities like regular liquid ingestion (drinking) 
and vital parameters like an adequate heart rate. 

For the future, (home) robots more and more will 
grow their performance to a proactive, autono-
mously operating agent in the home and in statio-
nary care. 

Ambient cognitive assistance will remain a great 
dream for the next couple of years. At least, as 
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long as substantial performance improvements 
for augmented glass devices and the availability 
of standardized edge infrastructure will become a 
reality. 

Nevertheless, in the meantime, a regular sequen-
ce of valuable improvements in the robots and 
wearable sector is to be expected. For example, 
a cuffless, calibration-free measurement of blood 
pressure at the wrist would complete the most im-
portant three vital parameters: heart rate, blood 
pressure and atrial blood oxygen saturation (SpO2) 
for a mobile emergency diagnosis.    
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3. Spacial Perception, Urban Dignity and Emotional Spaces 

Louvre | Abu Dhabi  (Caroline Günther) 

Living environments, designed and built by architects, have an extraordinary impact on human beings lives. 
But what exactly defines our housing situation? What makes people feel happy, content, at home, safe, 
relaxed, comfortable in private as well as in public urban environments? Is the spatial dimension singularly 
responsible, or is there another relevant and important dimension? 

This chapter aims at presenting a different perspective on living environments and the aspects that influen-
ce dwelling decisions and wellbeing. The first part introduces the theoretical background, looking at buil-
dings and exterior spaces from a different perspective. Here the theory of Emotional Spaces is introduced, 
referring to a connection between space and feelings and considering that it is not enough to plan buildings 
and open spaces merely with architectural qualities in mind. The second part describes a specific project 
„Ds room“ in which the theoretical approach has been realized. It describes the redesigning of an individual 
room and the impact of this small project on the life of a single person. By understanding Dolfs background 
it was possible to consider his Emotional Spaces and incorporate them in the architectural design process. 
The third part deals with a study project on an urban housing situation in a favela in Brazil. It reflects on the 
necessity of Urban Dignity, which includes respect, equity and democratic spaces. Focussing on understan-
ding the local’s feelings, their feeling of belonging and neighbourhood, this part introduces the results of 
the study and discusses the sense of place and it characteristics. 

3.1 Emotional Spaces 
Caroline Günther (Frankfurt University of Applied Sciences) 

3.2 Best Practice - A Personalized and Humanized Environment 
Andrea Möhn (Rotterdam, Netherlands) 

3.3 A Place to call Home with Dignity 
Ana-Paula Rabello Lyra (University of Vila Velha, E.S., Brazil) 
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3.1 Emotional Spaces 
Caroline Günther 

Abstract 
Taking into account that architects have a pronounced influence on humans’ lives, it is their responsibility to 

design and build livable environments. For this, there is another crucial dimension that shapes the individual un-
derstanding of space in a way that has not yet been taken into account. This paper looks at living environments 

and their meaning for individual life and well-being. It introduces a theoretical background that sets its focus 

on buildings and exterior spaces and presents a different point of view. Here the theory of Emotional Spaces is 

introduced, referring to a connection between space and feelings and considering that it is not enough to plan 

buildings and open spaces merely with architectural qualities in mind. This paper presents a different unders-
tanding of space and proposes a new approach to the design process. It is based on a design concept that places 

people and all their needs in the center. In order to be able to design and plan architectural spaces according 

to the needs of human beings, it seems necessary to understand the individual, everyday life. The challenge 

is to understand the individual life story, which should then be put into a spatial context. From these insights, 
Emotional Spaces that are relevant for „good and successful“ living can become visible. 

Keywords: Emotional spaces, urban environments, living environments, housing stories, biografical narrati-
ves, well-being, participation, inclusive concept 

Introduction 
Living environments, designed and built by archi-
tects, have an extraordinary impact on human 

beings lives. But what exactly defines our housing 

situation? What makes people feel happy, content, 
at home, safe, relaxed, comfortable in private as well 
as in public urban environments? Is the spatial di-
mension singularly responsible, or is there another 
relevant and important dimension? 

This paper aims at presenting a different perspective 

on living environments and the aspects that influen-
ce dwelling decisions and well-being. It presents the 

theoretical background, looking at buildings and ex-
terior spaces from a different perspective. Here the 

theory of Emotional Spaces is introduced, referring 

to a connection between space and feelings and 

considering that it is not enough to plan buildings 

and open spaces merely with architectural qualities 

in mind. There is another crucial dimension that sha-
pes the individual understanding of space in a way 

that has not yet been taken into account. A different 
understanding of space proposes a new approach to 

the design process. It is based on a design concept 
that places people and all their needs in the center. 

Being able to develop a sense of place in living si-
tuations can be a result of the translation of indivi-
dual Emotional Spaces to an urban and built envi-
ronment. This can promote a feeling of happiness, 
contentness, safety and comfort within the living en-
vironment. Considering Emotional Spaces in design 

processes, as well as the importance of Urban Dig-
nity in the urban context, can lead to new planning 

perspectives with a human related approach. 
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Emotional Spaces
Architecture and emotions 
Architectural- and interior design are closely con-
nected with emotions. Architecture aims to create 
spaces with a specific atmosphere, that will cause a 
particular behavior and evoke feelings. A shopping 
mall, for example, intends to produce an inviting at-
mosphere that animates visitors to shop (Lehnert, 
2011), just as the architecture of a gothic cathedral, 
with its special, sublime atmosphere, may arouse a 
feeling of reverence. Gilbert Ryle, a British philoso-
pher, describes feelings as something that emerge in 
a current situation and touch a person in very diffe-
rent ways (Ryle, 2015). Architecture is able to induce 
individual feelings by creating a specific mood and 
atmosphere. Gernot Böhme defines atmospheres 
as an interplay between environmental qualities and 
the human physical constitution (Böhme 1995). An 
atmosphere originates from a situation that occurs 
in the spatial environment and has a bodily effect on 
a person, for example as a trembling, glowing, shud-
dering, tension or shock (Ryle, 2015) (see footnote 
4). Nevertheless, it is the individual experience that 
is responsible for such respective feelings and that
influences the perception and the meaning of space. 
These individual feelings are formed in every day life, 
during the process of living. 

Figure 1: Olga Klinik | Stuttgart | Room of silence    
(Caroline Günther)

Architecture and the built environment have a great 
influence on individual everyday life. Achim Hahn, 
an architectural theorist, speaks about architecture 
as an essential element in life. Architecture satisfies 
desires and needs related to the human existence 
(Hahn, 2008). It creates a place where activities can 
happen and at the same time structures spaces, in-
duces social order, establishes identity and enables 
an environment in which memories can unfold (Gün-
ther, 2017). It is an architect´s ambition and task to 
design suitable housing1 , providing shelter and a pla-
ce to live in, in order to stimulate a feeling of being at 
home and belonging. A home is a place where relati-
onships can develope, personal belongings are kept 
and a sense of security can grow. It is a place where 
people can develope identity2. However, the import-
ance of the individual living situation3 is not merely 
determined by architectural qualities. There is anot-
her significant dimension that exists and should be 
taken into account in design processes, namely the 
Emotional Space (ES). This chapter will introduce the 
concept of ES, explain its meaning, consider how 
such spaces develope and discuss their relevance.
 
Everyday life and the meaning of the individual  
living situation
In trying to understand everyday life, we are confron-
ted with the phenomenological scientific approach, 
that deals with the perception of things and people 
in the everyday world. Phenemenology considers 
the simple perception and understanding of what is 
perceived in all its self-evidence. These perceptions 
are part of our everyday life (Hahn, 2008). Edmund 

1 Housing means the built structure where private everyday 
life takes place.  
2 The formation of identity happens in interdependence of 
spatial experiences in the individual phases of life and the 
perception of the world (Pallasmaa, 2013). Identity is deter-
mined not only temporally but also spatially (Zaborowski, 
2008).
3 Living refers to the act of dwelling in a house.
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Husserl (1859-1938), who can be named the first 
representative of the modern phenemenonogical 
approach, formed the assosicated concept „Zu den 
Sachen selbst“ (to the things themselves) (Husserl, 
2012). With this proposition he initiated a new per-
spective of perception, that had great impact on 
the philosophical outlook (Römpp, 2005). Husserl´s 
theoretical interest was to see and describe accor-
dingly. Phenomenology places manners of subjecti-
ve spatial cognition at the center of consideration. 
The philospher Merleau-Ponty describes the world 
as inseparable from the individual and refers to 
space as the „universal capacity“ to link things toge-
ther (Merleau-Ponty, 1966), as it were, space provi-
des the framework of life, especially of everyday life. 
The way we live is an extremely differentiated spa-
tialization of the individual biografical and cultural 
imprinting (Hasse, 2009). Jürgen Hasse describes 
this process as a densely interwoven and irrevocable 
connection between housing and living. Everyday 
life and the meaning of space is formed from per-
ceptual experiences based on original encounters 
with life. Out of this, „we create spaces for oursel-
ves and move in spaces where we feel comfortable, 
avoiding those that are unwelcoming to us“ (trans-
lated from German - Lehnert, 2011:9). This state-
ment refers to a significant dimension in the process 
of living that influences the individual relevance of 
housing, namely emotions. They reveal a correlation 
between housing space as an architectural space it-
self, the perception of this space and relationships 
developed in context with everyday life within hou-
sing. Herefrom, ES emerge as a result of individual, 
specific spatial situations and a spatial experience in 
any phase of life.

Emotional Spaces (ESs)
ESs represent, in addition to the usual known quali-
ties of built spaces, another very important dimen-
sion with a significant influence on the perception 

Figure 2: Miss Sargfabrik | Housing complex in Vienna   
(Caroline Günther)

and experience of the built environment, especial-
ly of dwelling (Günther, 2017). ESs are neither visi-
ble nor tangible, yet bodily perceivable4  (Günther, 
2017). Hence, ESs have an impact on an emotional 
level and evoke feelings, that then can be felt physi-
cally. They can arise from spatial experiences made 
in any phase of life in a specific individual spatial con-

⁴ Bodily perception refers to the phenomenal body, on the 
contrary to the objective body as a visible and touchable 
body. The phenomenal body implies a bodily sensing as a 
type of perception that affects a person deeply and is given 
to us in being self-aware (Böhme, 2021, Schmitz, 1992). „This 
differentiation between one‘s own bodily sensing and the 
body that can be perceived from the outside is important, 
because it allows to distinguish between a body boundary 
and a bodily boundary. For example, the body of a blind per-
son who walks along the street with his white cane, ends at 
the hand with which he guides his cane. However, the phe-
nomenal body of the blind person extends beyond this phy-
sical boundary, namely to the end of the cane, with which 
he feels resistance on the ground“ (translated from German 
- Gugutzer, 2006). 
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text. For example, if the childhood home conveys a 
feeling of security and is connected with a particu-
lar architectural design or setting, it can inevitably 
be associated with the living space and becomes a 
desired need in later housing. Likewise, an ES can re-
sult from experiencing a rupture in life, for example, 
when emigrating from one‘s homeland to a foreign 
country. 

ESs are shaped as a synergistic entity of feelings, 
emerging from the entanglement of one‘s life sto-
ries and everyday life. A research project dealt with 
the relevance of housing biographies in connection 
with successful living in old age (Günther, 2017) and 
statements from interviews show that residential 
experiences in early childhood have a great import-
ance for the experience of space. One interviewee 
describes how the meaning of housing was shaped 
as her parents were musicians and moved frequent-
ly, depending on their artistic commitments. Never-
theless, she never felt unsettled. Family life and the 
relationships within offered her a secure structure. 
Each place was a safe haven where she could return 
to, having the feeling of belonging. This feeling was 
not connected to a particular architectural space, 
but far more linked to her relationships and the 
personal encounters and, above all, with the joy of 
music: „[...] this life was also connected with making 
music, with reading aloud [...] with cultural aspirati-
ons, with fantastic guests and visitors, everyone like 
that, all artists [...]“ (Günther, 2017:164). Her mother 
gave their home a special meaning, despite the tur-
bulent everyday life. She created a cozy atmosphe-
re, from which a feeling of security emerged. In her 
early childhood both the emotional and the spiritual 
dimensions were formative and the close bond with 
her mother influenced her expectations and wishes 
towards dwelling. 

Accordingly, we can say that experiences initiate 
emotions, from which a certain atmosphere emer-

ges and a mood is created. This in turn leads to a 
bodily sensing and flows back to the emotional state 
of the person concerned. This emotion will then in-
fluence the attitude of the individual and thus the at-
titude towards the everyday world and consequent-
ly influence forms of action and behavior (Günther, 
2017). It will effect the individual way of living and 
decision-making in connection with dwelling. In the 
example mentioned above, the interviewee expe-
rienced a home with a secure atmosphere, where 
relationships were important. This dwelling situa-
tion lead to a bodily sensing, enabling a feeling of 
beloning and happiness. Her ESs are based on early 
childhood experiences in dwelling and satisfactory 
dwelling is primarily dependent on successful rela-
tionships. 

Figure 3: Biennale Venice 2018 (Caroline Günther)
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Putting housing stories in context
Dwelling is a basic existential need of every human 
being, a basic determination (Günther, 2017), that 
includes the wish to have a safe place to live, a place 
to eat, drink, sleep and develop relationships (Zabo-
rowski, 2008). Although each person is born into a 
housing situation, its individual meaning is shaped 
in the setting itself and in the process of dwelling 
throughout life (Hahn, 2008). Housing spaces pro-
vide a place to establish a meaningful world in a 
good environment and a pleasant atmosphere. Here 
trustful relationships are established. Dwelling is a 
process in which urban space and architectural in-
terior are no longer limited to physical space and 
determined merely by having a roof to live under. 
Far more, space becomes a place in which the bodi-
ly perception and bodily sensing are centric (Gleiter, 
2008) and where feelings can arise and influence 
the way individual lives are lived. These feelings can 
create an ES and establish a specific reference to the 
respective housing space. Resulting from individual 
and specific spatial situations and experiences, ESs 
are associated with living space in past and present. 
These incorporated past experiences have a forma-
tive effect on the individual and give this space a 
specific meaning. Consequently, the experience of 
housing space is related to the perception of buil-
ding structures, feelings that unfold and thereby the 

ESs that develop (Günther, 2017, 2019). In order to 
understand the individual meaning of dwelling and 
the needs of the dweller, it is necessary to identify 
and understand the respective ES. 

Significance of Biographical Narratives 
and Emotional Spaces 
Housing biographies make ESs comprehensible-
and reveal the connection between living spaces 
and emotions. They indicate the importance hou-
sing has on health and well-being5. In most cases 
the way of living is closely entangled with the in-
dividual biography and incorporates emotions, 
that are triggered in the process of dwelling. Social 
interaction with others, such as parents, siblings, 
neighbors and friends, shape the individual way 
of dwelling. In the course of life, as changes take 
place, the way of dwelling can shift. Every change 
of housing and neighborhood initiates a spatial re-
designing of one’s life and world of living (Hahn, 
2021). 

The analysis of biographical housing narratives 
plays a major role in the process of identifiying ESs 
(Günther, 2017). Biographical narratives can help 
to understand the needs of the individual dweller 
and therefore be a necessary additional aspect 
to the architectural design process. In princip-
le, a biographical narrative reveals the individual 
and meaningful interpretation of a story of life, in 
which memories outline and characterize a perso-
nal setting.

Memories belong to the individual reality (Ruhe, 
2012) and are also closely connected with past 
housing experiences. Gaston Bachelard describes 

5 Many international studies show the coherency between 
housing and well-being. A study on English publications bet-
ween 1984 and 2011 dealing with health and well-being in 
the physical environment, aimed to give an overview „of 
the evidence in the literature on healing environments“ and 
identified 798 studies (Huisman et al, 2012).

Figure 4: Dwelling  (Caroline Günther)
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the significance of these memories in his book 
„The Poetics of Space“ as an image that shapes and 
defines our past. These images bring back child-
hood memories, blend them with our imagination 
and influence the present way of living (Bachelard, 
2007). They become an expression of the indivi-
dual story of life. In the book „Berliner Kindheit“, 
Walter Benjamin delineates the close intertwine 
between memories and space. He presents places 
as spatial perceptions, linked to his bodily sensing, 
his impressions, ideas or expectations. Specific pla-
ces, also housing, are described as a dense merge 
of memories and refections of his childhood (Ben-
jamin, 1987). 

By understanding the individual biography rela-
ted to the past and present housing situation, it 
is possible to gain an insight in the particular way 
of life and understand the connnections that exist 
between dwelling, lived relationships, memories 
and emotions. What makes biographical narratives 
special are the obvious links between experiences 
and socialization. In the process of decoding the 
biographical narratives, dependencies and inter-
actions between housing and relationships that 
occur within the living space become visible and 
coherent (Behnken/Schulz, 1997). 

A qualitative survey is a suitable methodology to 
achieve access to housing biographies. Interviews 
beginning with an open question encourage the 
interviewee to tell their housing story and with 
this provide access to empirical material and help 
to understand the components of the individual 
everyday world. Examples of the interviewees lives 
make their reality tangible (Hahn, 2012) and offer 
insights to the meaning of architecture. 

This method was applied in the research project 
mentioned before. By examining specific state-
ments in context with the housing situation, the 
connection to living situations in childhood be-

Interdisciplinary-Student-Projects | Authors 

came very visible. Generally the meaning of the 
past memories, saved as images, revealed diffe-
rent desires and requests towards housing and 
are particularly important, because they present 
an emotional process related to the housing situ-
ation. In most cases, speaking about the meaning 
of housing evocates feelings that are closely linked 
to the living situation. These feelings are distinct-
ly present and immerse the interview partner into 
an inner space that lays out the past and revives 
memories. 

In this respect, dwelling lets the individual de-
velopment process in life become visible. Dwelling 
presents the specific attitude and the emotional 
connection with the spatial context of living. By re-
cognizing the empirically found conditions in the 
life stories, it becomes possible to identify ESs and 
translate them into design structures. It is import-
ant to understand the individual attitude in order 
to design livable and fitting architectural spaces. 
This implicit knowledge contains the necessary in-
formation to make ESs visible and finally recognize 
the housing necessities. However, dwelling is not 
exclusively limitied to the housing space. It can be 
extended to the neighborhood and exterior spaces 
where life takes place (Bollnow, 2004). Here peop-
le can develop a connection, an identity and a rela-
tionship to their neighborhood. 

Emotional Spaces and in an urban context 
„Neighborhood is not a place, it’s a state of mind“ 
(Sim, 2019:11). This statement underlines the im-
portance of the social and physical environment of 
everyday life as a place where people get together, 
can experience relationships and coexist. A neig-
borhood supports the development of identity, de-
termined by the places, squares and paths of the 
proximate areas (Zaborowski, 2008) and can serve 
as an anchor point (Hamm, 2002). Socio-spatial 
qualities generate a neighborhood, influence the 
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feeling of belonging and effect living situations. 
They consist of the built environment and social 
parameters. The built environment includes acces-
sible and usable urban spaces and buildings, offers 
suitable orientation, sufficient lighting, etc. Social 
parameters can conduct an improvement of living 
situations, lead to stable social structures, promo-
te a good community life in the neigborhood, offer 
educational opportunities, support health, induce 
participation in planning processes, accomplish 
inclusion or, on the contrary if not present, lead 
to exclusion, poverty, violence and dispair in resi-
dential areas that may prevent social contact and 
consequently preclude the formation of a good 
neighborhood. 

Lars Lerup describes the reciprocal relationship 
between people and built space, also referring to 
the neighborhood, in his book „Building the Un-
finished“ (1986). He argues for a comprehensive 
view of the architect in which building should con-
sider the behavior and the needs of people. For 
this, he suggests to accept a high degree of impon-
derability, giving unfinishedness space and offe-
ring the user the possibility to participate in the 
built world. Participation allows cooperation and 
involvement. This forsters the feeling of belonging 
and gives each individual the chance to implement 
own needs – especially the ES, in this case related 
to the neighborhood.

A neighborhood is part of a city and an important 
place in which social participation is possible, or 
prevented. Lively, vibrant and healthy cities ignite 
feelings of belonging, self determination and self 
assurance. Jan Gehl, a danish architect and urban 
planner, connects four concepts that make cities li-
vable: the lively city, the sustainable city, the healt-
hy city and the safe city (Gehl, 2010). The lively city 
is a place with well designed public spaces, offe-
ring a variety of possiblities to meet and connect, 

with short logical ways, a clear hierarchy within 
the urban spaces and smaller areas to meet and 
interact. The sustainable city considers ecological 
apects and offers adequate space for pedestrians, 
paths for bicycle riders and a well functioning, safe 
public transportation system. The healthy city of-
fers space and possibilities for movement, natur-
ally integrated into everyday life. Finally, the safe 
city is a place where bicycle riders and pedestrians 
have enough space, where shared spaces prioritize 
pedestrians, where inhabitants feel secure whilst 
moving through the streets and places of the city. 
Jane Jacobs wrote about the relevance of securi-
ty in the streets in her book „The Death and Life 
of American Cities“ (1961). She describes various 
aspects that influence the way a city is perceived 
and effects the inhabitants. Lively streets, mixed 
used buildings and common spaces, for example, 
have a great influence on the feeling of security. 

Figure 5: Amsterdam (Caroline Günther)
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Lively streets can help to prevent crime. Feeling se-
cure and safe in the city can facilitate and stimula-
te a feeling of responsibility for the neighborhood. 
Jacobs shaped the term „eyes on the street“, mea-
ning the responsibility each neighbor has for the 
proximity, a fundamental requirement for an invi-
ting and well functioning city. By observing hap-
penings on the streets, conciousness amoung the 
people living in the area is generated and this sup-
ports the feeling of security. 

In the urban environment the feeling of security 
is a crucial aspect, as it can make areas in a city 
lively and livable, or the opposite, abandoned and 
dangerous and create spaces of anxiety (Dillon, 
2005; Ceccato/Bamzar, 2016). Spaces of anxiety 
evolve out of situations in built environments, ha-
ving impact on the individual situation and are clo-
sely related to the perception of safety. Emotions 
are triggered, if a person feels threathend in the 
physical environment, for example in dark, lonely 
streets (Waters, 2006), with bad visual connec-
tions, on empty underground stations at night, in 
secluded urban situations without help, if a spatial 
situation is unevitable, or if the behaviour of ot-
hers might seem unpredicatable. Such feelings are 
closely connected to individual experiences, occur 
as bodily sensations, influence the feeling of safety 
and arouse ESs. Just as in housing situations, urban 
situations in the city produce atmospheres likewi-

se and evoke different feelings, making public ur-
ban spaces attractive or frightinig. These feelings 
depend on the individual ES.

Importance for Planning
Consequently, when designing public spaces, it is 
important to consider individual ESs. The challen-
ge is to define common denominators of the ESs, 
and consequentially develop holistic design para-
meters for public spaces. ESs are related to the in-
dividual story of life and, as a result, include the 
needs and requirements of the people living in the 
neighborhood. Finally, the intention is to enable 
social interaction by offering opportunities for en-
counter and communication that support a sense 
of security and are suitable and convenient for the 
neighbors. It is necessary to define the needs and 
requirements of the people living in the neighbor-
hoods. This is possible by including participation 
in planning processes (Hölzel/Krön, 2019) - a very 
good tool to enable involvement and give everyo-
ne the opportunity to contribute their own needs, 
especially those that arise from the ESs. Wishes 
related to well-being, health and comfort can then 
be formulated, considered and integrated. 

For this, a human related approach, placing the 
individual needs of a person in the center of plan-
ning, is essential. The implicit knowledge in con-
text of everday life is crucial to understand these 
needs and then be able to design and plan archi-
tectural spaces and urban environments accor-
dingly. Congruously, Lars Lerup (1986) appeals that 
architects should put themselves into the position 
of the dweller and understand how things acqui-
re meaning through their appropriation, by dwel-
ling at home and in the neighborhood. Resulting 
from the translation of individual ESs to an urban 
and built environment, a sense of place in living 
spaces can develope. This can promote a feeling of 
happiness, contentness, safety and comfort within Figure 6: Marseille | Eyes on the street (Caroline Günther)
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the living environment. Considering ESs in design 
processes can lead to new planning perspectives 
supporting a human related approach. 

Accordingly, the challenge is to analyse individual 
life stories in a spatial context, aiming to uncover 
the ESs. Uncovering this knowledge is far more 
difficult than designing spatial concepts and deter-
mining living sequences. Architects are required to 
take into account the wishes, longings and desires 
of the concerned. Often these are hidden and only 
become visible in conversations, which underlines 
the importance of biographical narrartives, also in 
order to understand future requirements and chal-
lenges. By identifying the empirically found con-
ditions, it becomes possible to uncover the ESs. 
Once recognizing the needs, requisitions for the 
built space can be translated into an architectural 
language and design parameters can be drafted. A 
design with spatial qualities meeting the require-
ments of the occupant grant the option of a „good 
and successful“ life and dwelling situation. 
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3.2 Best Practice - A Personalized and Humanized Environment 
Andrea Möhn 

Abstract 
Objective: This best-practice example shows the positive effect on the behavior of a mentally disabled client 
with significant behavioral problems after the custom-made change in his built environment. Background: He-
althcare organizations are often faced with the difficulty of creating a built environment that has a positive 

effect on the mental well-being of the users. Ipse de Bruggen is a healthcare organization that offers care and 

support for the mentally handicapped. They look after clients who need additional individual support due to 

their behavioral problems and have developed new care concepts for this over the years. With regard to the bu-
ilt environment, however, they found in individual cases that the living environment does not suit the client. The 

rooms are bare and devoid of atmosphere. It seems that in many cases this has led to even more aggression and 

destruction. A negative spiral. The organization saw the need to change this and in 2011 commissioned Andrea 

Möhn Architects, formerly Möhn + Bouman Architects, to examine the built environment and the needs of in-
dividual users with major behavioral problems. Methods: The findings are based on the architects’ many years 

of experience with regard to the target group, a precise observation of the behavior of the user in his personal 
space as well as interviews with the staff from November 2011 to April 2012. Results: Based on the observations 

the architects created a tailor-made environment that had a very positive effect on the behavior of the user 
and thus also on his family, the care staff and the organization. Conclusions: The best practice example shows 

that for clients with severe behavioral problems a personalized and humanized approach seemed to be the 

right approach, rather than a flexible spatial solution. The redesigned space gave the client a sense of control, 
pride, dignity and a sense of well-being. Inspired by this success, the organization started the project “Physical 
environment, a fixed value in our care” in 2020. Within four years, twelve rooms will be redesigned and their 
effects on users will be scientifically researched. 

Keywords: Emotional spaces, dignity, mental healthcare, mentally disabled, healthcare design, tailor-made 
environment, behavior 

Introduction 
For almost 25 years, D. lived in a bare room, which 

was designed in such a way that only the most ne-
cessary furniture made of heavy metal was located 

and the walls were covered with light-colored plas-
tic panels. Everything was designed so that it could 

withstand its aggressions. 

When Ipse de Bruggen got in touch with Möhn + 

Bouman Architects (now Andrea Möhn Architects) 
in November 2011, the architects had designed a 

psychiatric clinic, a medical center, numerous thera-

py centers, residential buildings and a school for this 

client since 1998 (https://www.am-a.eu). They wor-
ked closely with the users and found specific solu-
tions for their needs, so that the buildings had a very 

positive effect on the mentally handicapped users 

and the care team. One could clearly see that the-
re was less aggression and restlessness among the 
multiple complex handicapped and that the sick lea-
ve and frequent change of nursing staff decreased, 
as the organization reported. With this approach, it 
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was of great importance to empathize with and per-
ceive the needs of the users. There was an intensive 
exchange with the behavior therapists, the nursing 
staff, the construction department and the manage-
ment. This resulted in buildings that not only met 
the spatial requirements, but also created a sense 
of well-being for the users. In interviews with them 
after using the building, they repeatedly stated how 
important it is to feel “heard”. If the users were inclu-
ded in the design process, there was greater identi-
fication with the building and the users were more 
satisfied, which in turn led to fewer subsequent re-
novations. Despite all the experience of the archi-
tects with the target group, this project presented a 
new challenge because of the aggressive behavior of 
its residents. Although it only affected a single room, 
it was supposed to have an enormous effect on the 
life of a single resident.

Meet D.
At the time, D. was 54 years old, but his mental dis-
position meant he had the mental level of a two-ye-
ar-old child. He showed strong aggressive tendencies 
and destroyed everything in his room and outside 
area. Therefore, his room was furnished more and 
more bare and resistant to violence in order to make 
further destruction practically impossible. He was gi-
ven appropriate medication to calm him down and 
was isolated in his room for a duration of 10 minutes 
to an hour. The organization tried everything in its 
power to improve his living conditions. The situation 
created a lot of stress for him and also had a great ef-
fect on the staff, his family and other residents. The 
whole situation was very unfortunate.
He lived in a group on one of the organization‘s es-
tates in the heart of the Netherlands with 400 ot-
her mentally handicapped residents. During an ex-
cursion, the management inspected his room and 
decided that everything should be done to improve 
his situation. For the architects, this meant complete 

freedom of design and no financial limit, which was 
a major concession by the organization, as they ful-
ly covered the cost of the renovation without state 
funding. It was also a tremendous opportunity to ta-
ckle the problem integrally.

Method
Five Steps - Observation, Exchange, Perception, In-

tuition, Tailor-made solution

1. Observation of spatial situation – the first step   
was to observe the spatial situa-tion of his room.

2. Observation of D.’s behavior – in the second step 
the architect observed him in his room.

3. Exchange about his behavior and evaluation of 
his biography with staff and his family – the im-
portance of childhood experiences and memo-
ries of the physical environment at the same age 
as his emotional age (2 years) seem to be a key 
to the right solution. 

4. Intuitive approach – observing what you see wit-
hout thinking. Ask yourself who the other per-
son wants to be. An association emerges in your 
thoughts (in his case a farmer).

5. Development of a tailor-made solution.

Application of the Method

1. Observation of the spatial situation: The architects 
made the first on-site visit on a cold, foggy Novem-
ber day. Exactly at 11.00 a.m., when he was already 
on the day therapy and the organization was able 
to show the architects his living space without him 
being there, as so many people would have made 
him restless. His room was a bare room and the out-
side area was surrounded by a two meter high steel 
fence.

One entered the room through a door on the edges 
of which the violence of the resi-dent could be read. 
The door was fitted with a triple lock, making it look 
like a prison door. Next to the door was a small box 
in front of the room with the possibility of turning 

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 



119

Figure 1: design guideline for creating a tailor-made 
environment (author's figure)

off water and electricity. The open bathroom with 
a stainless steel toilet was immediately right behind 
the entrance door. His room itself looked very bare 
and was dominated by a steel bed attached to the 
floor. The mattress was removed every day to avoid 
the resident‘s fury. The table with a steel base and 
a table top with a plastic surface were also bolted 
to the ground and wall. White plastic cladding co-
vered the window sills and radiators and was edged 
with aluminum profiles and embellished with blue 
stickers with geometric shapes. A picture frame with 
lots of family photos was the most personal and one 
of the most important elements in his room for D., 
and the architect could see how he was able to list 
the names of all family members when she visited 
again. A two meter high steel fence with bars sur-

rounded its outside area. So that he could use his 
outdoor area in all weathers, it was covered with a 
now weathered awning, so that not much daylight 
could penetrate into his room. In the middle was a 
steel chair that was attached to the concrete slabs of 
the garden pavement. The seat and back were made 
of profiled aluminum plates.

The organization for the disabled, however, always 
had the best intentions and tried hard to find a 
good solution for him, but was often at a loss in 
view of his aggressive behavior. Looking back, it 
becomes clear that D., due to his intellectual level, 
was not able to make clear and to speak out what 
bothered him; he could only signal this through his 
aggressions. But what exactly he needed and wan-
ted, he could not express.

2. Observation of his behavior: Möhn felt the need 
to get to know D. and to perceive his behavior with 
an open mind, since otherwise it seemed impossi-
ble to gain access to his personality and to design 
something suitable for him. Böhme mentioned ab-
out this: ’The architecture traditionally understood 
the space in terms of its geometry and considered 
the person in it as a body. Today it is important to 
make the point of view of the experiencing sub-
ject strong and to emphasize what it means to be 
physically present in rooms’ (Böhme, 2006:126). 

Figure 2a: the room with bed, before (author’s foto) Figure 2b: the outside space with chair, before (author’s foto)
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Möhn was warned of the danger of not knowing 
how he would react to her presence. She was rea-
dy to take this risk. Together with the supervisor 
who was most familiar to him, Möhn was allowed 
to visit and observe him. D. was trusting and the 
atmosphere was good. 

3. Exchange about his behavior and evaluation of 
his biography: 
In the years before the renovation, it was not re-
cognized how strongly he reacted to his physical 
environment and attempts were made to improve 
his behavior with medication and therapies, which 
was logical from the perspective of the care team. 
Usually, people start from their own possibilities 
and do not see that they could come to complete-
ly new insights and solutions in an interdisciplina-
ry team. This knowledge was reached very quickly 
and there was an intensive exchange between the 
supervisors, behavior therapists and the archi-
tects. Due to the openness on both sides and the 
knowledge that solutions can only be found toge-
ther, the architects seized the opportunity to di-
scuss every design idea and solution proposal with 
the maintenance team: „How would D. react if we 
did this or that?“ they asked. So with each piece of 
the puzzle, the overall solution was finally created. 

4. Intuitive approach: 
Möhn stated that at the beginning of the visit, she 
was really at a loss as to what the right design so-
lution would be. What surrounded them was de-
vastating. “At some point I was so distraught and 
hopeless that I let myself go. That was exactly the 
key, the moment I stopped trying to find a solution 
right away, I was empty and open inside and could 
just perceive openly,” says Möhn. She saw how 
D. ran in his rubber boots through his outer door, 
which was always wide open, from the inside to 
the outside and back again- he clearly had a plan 
in mind (Zumthor, 1998:35). When she saw him 
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running back and forth, she suddenly had the as-
sociation that he was playing the role of a farmer. 
In doing so, she became aware that small children 
- D. has the intellectual level of a two-year-old - re-
present what fascinates them about role-play, and 
not because it is educationally important (Leuen-
berger, Möhn, 2021). 

Many years later, an employee of the organization 
said that D. had grown up on the estate, which is in 
the middle of a typical Dutch landscape, since he 
was a child. So these were his earliest childhood 
memories. Place attachment is central to identity 
formation (Williams Goldhagen, 2017: 202). When 
Möhn imagined how he was feeling, she realized 
that his room had to be changed so that he got a 
feeling of space. He clearly felt that his living space 
was too small and cramped. He needed a wide 
view of ‘his’ country. 

5. Development of a tailor-made solution: Identity, 
dignity and self-determination - D. feels like a nor-
mal person again 
So the idea was born to realize a wide view with 
the help of a large photo wall. Martin Kers, one of 
the best Dutch landscape photographers, provi-
ded one of his typical landscape photos (https:// 
martinkers-foto.nl). The motif was printed on MDF 
boards in Belgium using a special technique. The 
panels were attached with a tongue and groove 
system, so that almost no visual transitions and 
screws were visible. This was crucial in order to 
avoid D. feeling the urge to remove the photo 
from the background. Every detail was carefully 
considered, so his television was seamlessly integ-
rated into the substructure of the photo wall. The 
entrance door also became part of the photo wall 
and was no longer visually noticeable. In addition, 
it was decided to leave the door open from now 
on, giving him the opportunity to move freely and, 
in most cases, to decide for himself when his door 
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should be open and when he wanted to withdraw. 
He got a piece of directing his life again, which 
should have a very positive effect on his behavior. 

For further furnishing, especially its furniture, it 
was important not to use steel furniture anymo-
re, but to use a natural material. Shortly before 
that, Möhn had designed the interior of a chapel 
and used solid oak for it. The robust properties 
and beauty of the material were ideal and D. fi-
nally got a bed made of wood again. He was able 
to associate his facility with that of normal people, 
thereby regaining a sense of human dignity (From, 
Lundin et al., 2010:57). In addition to the bed, the 
radiator cover with an integrated window sill was 
made from solid oak. A great contrast to the pre-
vious cover with plastic sheets. During the inspec-
tion, Möhn saw that D. kept sitting down at a cer-

tain point on the window sill. The two large glass 
windows met there in a corner and he had a good 
view of the outside and an overview of his room. 
He clearly had a favorite place. To give him a sign 
that they had recognized this, the architects had 
the shape of his buttocks milled out to mark the 
spot. The architects assumption was confirmed, he 
loves his seat.

Another challenge was heating the room. Due to 
D.’s urge to move between his inside and outside 
area, his outside door was mostly open, which me-
ans that it was much too cold in his room in the 
cooler seasons. In addition to the radiators under 
his window sill, the architects integrated another 
heating source by providing the wall behind his bed 
with wall heating and created a place where he can 
sit on his bed with his back against the warm wall 
and look outside. Furthermore, this wall forms the 
separation from the open bathroom, which can 
also be heated. The coating of the floor in a warm 
red continues on this wall, which not only functi-
ons as a „warm wall“ due to the wall heating, but 
also creates the association of warmth through 
the warm color tone (Leuenberger, Möhn 2021). 
The architects decided on a coating for the floor 
in order to meet the practical requirements that 
were placed on the function of the floor. It had to 
guarantee a certain slip resistance and be easy to 
clean with special machines.

Figure 3: wall print with wide view of a Dutch Landscape and 
integrated television and door (author’s foto)

 Figure 4a – favorite spot with carved out sitting (author’s 
foto)

Figure 4b – schemes of heating before and after (author’s 
image)
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Möhn is often asked about the choice of red color, 
as it is generally assumed that red causes aggressi-
on. However, it is important to remember that the-
re is such a wide range of colors that a cold, harsh 
red makes us feel different from a warm red. With 
D., one has to keep in mind that he has the emo-
tional and mental level of a young child. Even in 
the womb we perceive a warm red when the sun 
shines on our mother‘s belly (Nilsson, 1965), (Bu-
ether, 2020:79). So it is “very familiar” and associa-
ted with something protective. Möhn emphasizes 
that the choice of color was about D. and not ab-
out the personal preference of the architects, who 
would have chosen an anthracite-colored shade 
for the floor. When designing for such a sensitive 
target group, it is very important to pay attention 
to every detail.

Participation Process
In order to achieve this certain precision for eve-
ry detail, in addition to precise observation of the 
user, an intensive exchange with those involved, 
who know the patient very well, is necessary. For 
example, an interesting discussion arose with the 
supervisors about the fence and whether it had to 
be two meters high again.

The architects asked if this was necessary to pre-
vent him from running away. Within the team, fa-
ced with such an important question relating to his 

safety, a fundamental discussion arose. At first, the 
immediate answer was yes, until an employee as-
ked whether D. was really going to run away. It was 
then stated that it was more likely that D. himself 
was afraid of the others. This was a completely new 
starting point and the architects suggested making 
the first part of the fence three meters long and 
only one meter high and then leaving it open to 
the shared garden of the residential group. 

This way, D. was protected when he entered his 
outdoor area and could, if he felt safe enough, go 
to the rest of the group. In keeping with D.’s asso-
ciation of being a farmer, the fence was made from 
a construction of traditional sheep fences and pro-
vided with glass openings through which he has a 
clear view of the outside, instead of through bars, 
as before. Especially in the late afternoon he likes 
to stand here and talk to all passers-by and look for 
contact on his own initiative.

Figure 5a: garden with low and open fence, after the make-
over (author’s fotos)

Figure 5b: garden with glass openings, after the make-over 
(author’s fotos)
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Results
Everyone involved in the redesign process learned 
how D.’s reaction to the new room would be. They 
made sure that everything was designed in such 
a way that it could withstand his destructiveness. 
Anchors and fixings in the walls and in the floor 
were made invisible. Everything was largely prefa-
bricated to keep the construction time on site as 
compact as possible and to limit it to two weeks 
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so that he does not have to be in his familiar sur-
roundings for as short a time as possible. Amazing-
ly, the two weeks in a special room in the same 
residential group passed relatively quietly. It was 
finally time for him to move back into his room. 
The maintenance team and the architects were 
very excited to see how he would react because 
he could not bear the smallest change and now his 
whole room has been redesigned.

The architects were waiting in their office full of ex-
citement when the expected call came: D. was de-
lighted to see his room - and jumped up and said: 
that is beautiful! Nobody could have imagined this 
reaction beforehand. From then on, he fell in love 
with his room and did everything to make it as be-
autiful as possible. Möhn met him with his super-
visor in his room when she visited him for the first 
time in two months while he was making his bed 
on his own and making sure that the turquoise car-
pet was exactly parallel in front of his bed. As Pal-
lasmaa describes it: "These atmospherical spaces 
engage us and make us participants in the space 
instead of remaining as inactive outlookers" (Oase 
#91, 2013:53). For the first time in years he had 
bed linen back and his room looked like a normal 
room. Very quickly his behavior changed for the 
better and you could see how he rehabilitated. He 
felt clearly more comfortable in his skin’, as his bro-

ther summed up after the renovation.

This also had the effect that his moments of sec-
lusion from daily isolations quickly decreased to 
single moments of seclusion in 2017. He dares to 
approach others again, happily cycles across the 
estate and has coffee with the neighboring group. 
When you enter your room now, you will find co-
mics and hand-made handicrafts from his family 
on the windowsill

Figure 6 : interior with carpet, bed linen and family photos 
two month after the make-over (author’s foto)
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Expenses
The expenses for the renovation of D’s room and 
the outside area came to € 75,000, which is ex-
tremely expensive for a single room and made the 
architects feel uncomfortable. What they did not 
know at the time, however, was that the annual 
care costs amounted to almost € 120,000, which 
were also increased by the same amount for spe-
cial care. After the renovation, his behavior impro-
ved so positively that in the first two years after 
the renovation, the required special care could be 
reduced to half of the original amount and then 
completely discontinued. In addition, the sickness 
rate among staff decreased and repair costs were 
reduced considerably. The annual saving has now 
risen to € 180,000.

This proves that such an approach is worthwhile 
and suggests adapting the current financing sys-
tem. With today‘s financing system, health organi-
zations receive a fixed amount for long-term care 
per client, depending on the level of care. This 
budget is not aimed at financing a measure like D’s 
conversion, since it cannot be proven in advance 
whether the measure will actually lead to the de-
sired result and whether the behavior of a patient 
will change for the better after such a redesign. 
Adjusting the financing system is a long way but 
urgently needed. The possibility of pre-financing 
would be an important step that would enable 
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organizations to address and improve extreme si-
tuations such as in D’s case. This form of financing 
would be comparable to the system of a microcre-
dit, in which people receive a manageable amount 
as pre-financing, with which they can build up an 
existence as a small business owner. With the in-
come, the microcredit can often be repaid quickly. 
Such a form of pre-financing to improve the lives 
of patients like D. would be a suitable model and a 
sensible investment. Pre-financing for the redesign 
of the built environment of a person with extreme 
behavioral and / or psychological problems, as in 
the case of D., would fundamentally change not 
only that person‘s life but that of his entire envi-
ronment. The fact that D. is feeling better now also 
had a positive effect on his family and the well-
being of the other residents and the nursing staff, 
whose sick leave was falling rapidly. The enormous 
impact his improved well-being would have on so 
many people, and that it would be so far-reaching, 
was beyond imagination. 

Next steps 

When Möhn wanted to visit D. again last year, his 
door was locked. He was on vacation. During this 
time, the construction department took the op-
portunity to adapt some elements to suit his age, 
because D. is now in his early 60s. Therefore, his 
bed was raised and he finally got a ceramic toilet 
at an age-appropriate height and because he had 
never destroyed the stainless steel toilet in all the-
se years. 

D. Inspires Others 
D.’s behavior improved from year to year, which 
also caught the attention of the organization and 
inspired them to start the project ‚Fysieke omge-
ving‘ (built environment) 8 years after the renova-
tion (RIVM, 2020). The rooms of 12 of the organi-
zation‘s clients, who have behavior problems that 
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are as complex as D., will be remodeled over the 
next four years. This happens with the help of a 
9-point plan, this time each step is precisely docu-
mented and the effects on the users are compared 
with each other (Kennisplein Gehandicaptenzorg, 
2020). The precise observation and interpretation 
of the client as well as the intensive exchange of all 
parties involved help to arrive at the right solution. 
A multidisciplinary team of supervisors, therapists, 
the organization‘s construction department, the 
architects and the executing parties take care of 
the implementation. The entire process and the 
effect on the user are systematically examined and 
recorded scientifically, whereby practice and sci-
ence go hand in hand. A guideline is to be drawn 
up from the findings of the results, which can be 
used in further future cases. The aim is to improve 
the quality of life for this target group and to be 
an inspiration for other organizations. It would be 
desirable for the government to adapt the finan-
cing system so that pre-financing is possible and 
examples such as D. can be addressed. 

Möhn received the order from the organization to 

redesign the first three rooms of the ‘Fysieke Om-
geving’ project. Here, too, the patient was first ca-
refully observed, interviews with behavior thera-
pists, employees and family, which then resulted in 
a tailor-made solution. As with D., the behavior of 
the three users improved significantly in a positive 
way. 

Conclusion 
A new approach - a look into the future 

D. and the other cases are exceptional examples, 
but precisely such examples are necessary in or-
der to inspire others in an active participatory pro-
cess, including the psychological aspects of a user, 
to redesign his living environment so that it cor-
re-sponds to his psychological and physical needs 
(Leuenberger, Möhn, 2021). The question is often 
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asked to what extent this system is flexible. Möhn 
is convinced that this approach with a tailor-made 
solution for people with extreme behavioral prob-
lems is the right one and that it pays off emotional-
ly and financially. In this context it is necessary to 
describe the built environment as our second skin 
that surrounds us and has an enormous influence 
on our feelings. A room in which we feel comfort-
able is conducive to what we want to do in it: work, 
relax, sleep, etc. 
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3.3 A Place to Call Home with Dignity
Ana-Paula Rabello Lyra

Abstract
Respect, equity, democratic spaces, are the most cited words by people when asked how they could explain 
Urban Dignity in simple words. However, segregation, violence, insecurity, pollution, housing deficit and sanita-
tion are some of the most cited words that comes out from first year architecture and urban planning graduate 
students when they are asked about our city constraints. Those urban issues get intensified in subnormal clus-
ter areas, and challenges the academy in the housing design process when addressing Urban Dignity to those 
students. This paper presents the results of a design thinking process exercise for an informal community with 
housing needs. It considered the emotional space concept as a method to find the common grounds where in-
dividuals find comfort, safety, and joy. A brainstorm meeting with the community and field visits were used as a 
strategy to capture some of the essence of locals. The challenge to understand and capture their individual and 
personal feelings regarding their own comfortable zones and address them into a common scenario remained 
the main struggle of this project. Most of those people had never had a house with steady structure and infras-
tructure to live in. Therefore, an intense inside discussion among the design responsible people involved in the 
project, focused on translating their own perception of local’s feelings towards neighbors, of local’s belongings 
and behaviors to define the design program needs. As a result, the sense of place, open ungated buildings with 
three floors max, a common recreational central area, the use of construction materials familiar and available 
in the field, and reserved areas located on first floor were some of the main characteristics drawn to the area. 
This approach guaranteed to host locals’ activities and accommodate changes needed in their course of lives 
as some of the characteristics found essential to welcome the community of about 80 families in a place where 
they could call home. 

Keywords: Emotional spaces, urban dignity, housing

The Emotional Dimension of Social Hou-
sing in the Design Process 
Issues regarding people´s wellbeing have been in 
the agenda of all those responsible for creating 
new spaces, especially architects and those en-
gaged in their formation. That can be confirmed 
when people are asked how they could explain 
Urban Dignity in simple words and responses as: 
respect, equity and democratic spaces raises their 
concerns towards cities current matters.  

When first year architecture and urban planning 
students are asked about our city constraints, the 
common words that pop out, though, are: segrega-
tion, violence, insecurity, pollution, housing deficit 

and sanitation. These urban issues get intensified 
in subnormal cluster (IBGE, 2010) areas, common-
ly known as favelas, and challenge the academy in 
the housing design process when addressing Ur-
ban Dignity to those students. That is why the in-
tegration of the social function of housing in what 
regards the right to have a dignified home, as es-
tablished by the Brazilian City Statute (MARICATO, 
2010), is part of our academic curriculum.

Students are addressed to discuss about how the 
outcomes of industrial revolution for social hou-
sing impacted in the proliferation of extended 
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sprawl throughout the urban periphery of cities. 
Brazilian Designers have been struggling to find 
new processes to revert from the rational func-
tional rigid and monotonous forms of those social 
housing that emerged during that period and per-
sist to the present dates. Those suburban housing 
settlements were seen as immediate solutions to 
solve the growing problems municipalities faced 
with the crowded migration that followed rural 
exodus period. Nevertheless, critics have alerted 
for the stressed rupture imposed by the new way 
of living between those settlements and their new 
dwellers’ environments (MARICATO, 1982 and 
ALEXANDRE, 1986). 

During the rapid expansion of Brazilian cities 
throughout its urbanization process, social hou-
sing was set aside in the land use dispute. It reflec-
ted a capitalist management empowerment of the 
urban morphology, supported by the modernist 
rationalism and monofunctional division of land 
use space (MARICATO, 1982). Those decisions re-
sulted in socially segregated urban sprawls where 
the most fragile ones urged to be integrated in city 
housing policies and actions. 

Despite all successive housing policies that follo-
wed the postindustrial, serial housing monotonous 
architecture, the intrinsic values that constitute a 
home seem to remain uncounted for those dwel-
lers. The urban justice and equity discourse found 
in the City Statute, a Federal Law Number 10.257, 
approved in 2001 by Brazilian Congress, has beco-
me a major design goal within all those interested 
in materializing Dignity in the social housing design 
process. 

For Alexander (1985), the family needs in the fra-
mework of a neighborhood context matter for the 
emotional wellbeing of a place people can call 
home. Moreover, the definition of home is careful-
ly and largely debated among students and profes-
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sors, with the understanding that it goes beyond 
the definition of a house, as the place to shelter a 
family. It has been common agreed within our aca-
demy that a Dignified home embraces the emo-
tional dimension of a healthy structured neighbor-
hood and house altogether. 

Within the urban dignity design search of social 
housing, the following questions are raised regar-
ding the social aspects that defined those homes. 
How can socially vulnerable families of different 
background and needs can have their expectations 
translated to their neighborhood morphology? 
And how can that scenario assure them a sense 
of community and pride they can call home? In a 
responsible environmental behavior, that can be 
answered as a place where its physical characte-
ristics imply empathy as an emotional space (Van 
Liere and Dunlap, 1981). 

The emotional space is defined in this study as tho-
se where the design process considers the client 
history, behaviors and background in the oppor-
tunity and constraints conundrum. It adds to the 
Vitruvius triad firmita, utilitas and venustas the 
emotional component that can vary among dif-
ferent people. It considers our own responses to 
the different senses, like sound, smell, texture, and 
noise, besides the visualization within the design 
concept of a place, as a full (BURNS, 2000). 

Those theories, discussed in class, have grown 
into the students´ realm in a way that it has reflec-
ted in the number of monographies about social 
housing as their final academic design proposal 
exercise. This paper presents the result of one of 
those design thinking process exercise for an in-
formal community located in the city of Vila Vel-
ha, Espirito Santo, Brazil. The chosen site had the 
city hall interests as it happened to be one of their 
concerning housing problems within a community 
called “Santa Rita”. The overall design considered 
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the emotional space concept as a method to find 
the common grounds where individuals from this 
community could find comfort, safety, and joy. 

The first part of the process involved the Instituti-
on’s Practice and Research Architecture and Urban 
Planning Center group (NEP-UVV) in a brainstorm 
meeting with the community and in a field visit, 
used as a strategy to capture some of the essence 
of locals. The challenge to understand and captu-
re their individual and personal feelings regarding 
their own comfortable zones and address them 
into a common scenario, remained the main strug-
gle of this project. Most of those people had ne-
ver before had a house with steady structure and 
infrastructure to live in. Therefore, an intense di-
scussion among the design people involved in the 
project focused on translating their own percep-
tion of locals´ feelings towards neighbors, of locals´ 
belongings and behaviors, to define the design 
program needs. 

Ethnography of the Social Housing Study 
Area Context 
The location site of this study is situated within 
the southeast port city area of Vila Velha, the most 
populated city in the State of Espirito Santo, Brazil 

(Figure 01). The city of Vila Velha is part of the Me-
tropolitan Region of Vitória, the state capital, and 
it has an estimated population over 500 thousand 
people, according to 2020 census data (IBGE¹). The 
city limits with the Vitória bay to the north and 
with the Atlantic Ocean to the east, that is whe-
re the most valued property areas are located by 
the beaches, while the less valued ones were left 

unoccupied by local real estate entrepreneurs, be-
cause they are located by the industrial port area. 

The aforementioned social segregated land use 
settlement resulted in a city full of contrasts bet-
ween formal and informal areas. Its accentuated 
inequalities emphasize its contrasting social-spa-
tial lifestyles, especially within those informal sett-
lements characterized by the favelas. That is the 
social reality of the study area of Santa Rita neig-
hborhood, an informal community formed by 80 
families that occupied a filled area that used to be 
part of a local mangrove. This area was previously 
occupied by slums during the 1980s, filled by the 
municipality to provide basic urban infrastructure 
to locals during late 1990s, and designated as an 
area of interest to accommodate social buildings 
to settle all families that were living without access 

¹ Brazilian Geographic and Statistics Institute 

Figure 1: Study area location (Designed by author from PAULO, 2020) 
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to basic services in the area. The number of buil-
dings built was, though, less than the minimum 
necessary to accommodate all families, and those 
80 ones, were left homeless (PAULO, 2020). That is 
when they decided to return to the site addressed 
to house those buildings and occupied the remai-
ning construction site area with their slums (Figure 
2).

The favela contrasting landscape that fragments 
the area from the rest of the city is also limited 
by intense traffic roads and surrounded by intro-
spective port containers storage area. These uses 
limit the integration of this community to the rest 
of the cityscape. This study realized that these phy-
sical aspects that segregate the community are as-
similated by locals as a feeling of non-belonging. 

This was perceived by the NEP-UVV study group 
after the first encounter with locals hosted by the 
University of Vila Velha (UVV). This focus group 
meeting gathered city hall’s social workers, Vila 
Velha Urban Development Secretary, communi-
ty residents´ representatives and the professors, 
graduate, and undergraduate students from UVV. 
(Figure 3)  

During the focus group discussions, it was made 
clear that those non-conventional and informal 
settlements resulted from the lack of such vulne-
rable social groups to access the formal real estate 
market (MUNIZ, 2021). This gathering was organi-
zed to uncover participants´ perceptions, beliefs, 
and values regarding the Santa Rita settlement. 
The assembled group, moderated by the research 
team, joined residents and city representatives 
to gain an in-depth understanding of communi-
ty’s social issues from those living the problems 
and those trying to manage it. At one side, resi-
dents were sharing their own stories about their 
living experiences background, and on the other 
side, city representatives were trying to engage 
in an understanding with the community through 
a collaboration joint force with NEP-UVV to work 
on some solutions to help reverse communities’ 
current vulnerabilities. The meeting ended with a 
scheduled visit to the site.

Figure 2: Study area occupation (PAULO, 2020)

Figure 3: Focus group Meeting between municipality, 
residents and NEP-UVV (author‘s photo)
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The site visit was important to understand locals´ 
perspectives and behaviors aimed to gather some 
of their complex personal experiences to be then 
translated into an emotional design for the com-
munity common open space. That was the goal of 
the final project exercise of Nadia Segatto Paulo, 
a student in the last semester of the Architectu-

re and Urban Planning undergraduate program 
at UVV. The definition to concentrate the design 
forces towards their common areas was made 
after the visit when residents pointed towards 
existing social buildings of the site. Those built by 
the government within their social housing plans, 
which continue to be replicated as their strategy 
for Brazilian housing deficiency. After visiting the 
area and reviewing some literature about those 
government initiatives, the problem of those com-
mon open spaces became evident (PAULO, 2020). 
The community grounds shared by the residents 
that were settled in the social formal buildings and 
those from the informal slum ones translate the 
sense of non-belonging for its lack of any infras-
tructure (Figure 4). The absence of care, thought 
and personality seen consequently for their dis-
tant and segregated locality is reflected in the sur-
roundings of the settlement. Nevertheless, there 
are histories, lives and pride among residents sha-

Figure 4: Understanding neighborhood behaviors and surroundings (author, 2020)
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red with the design team during many encounters 
on the day of the visit. Despite of the aspects of 
the place, there were some deeply cared and or-
ganized “houses” among those slums. Moreover, 
while walking around, the team was welcomed by 
residents gathered in the streets, inviting students 
and professors to visit their places. 

Their own settlement scape suggests that an open, 
ungated, and integrated landscape design is in 
consonance with their lifestyle interests. There are 
some pedestrian alleys connecting their different 
‘houses” indicating their needs to keep their con-
nection with the outdoors and neighbors. Some 
of their places have selling signs of different pro-
ducts, some are homemade, others are related 
to their house needs like cooking gas or related 
to recycling. There are some residents that works 
with recycling, they have a cooperative that col-
lects bottles, cans, and plastic to sell for recycling, 
and they need a place to store and separate their 
daily collects, currently accommodated in large 
bags left in front of their “houses” (Figure 5). This 
image also illustrates that some of the streets have 
been paved while others remain covered by earth. 
There is no urban furniture, play area or any other 
infrastructure, as if the place did not exist to the 
municipality.
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The site survey considered local environmental, 
morphological, and behavioral aspects of their cur-
rent settlement to address the main guidelines for 
the proposal designs. It demonstrates how locals 
urge for transformation from their current situa-
tion, also verbalized as their need for a community 
center and a recreational area (PAULO, 2020). 

Achieving Dignity Thought the Emotional 
Design Thinking 
The concept emerged from the site opportunities 
and constraints were addressed based on the trans-
lation from designer’s perception on locals´ expe-
riences and demands. It reflected the urge to rees-
tablish locals’ pride into a space that would allow 
residents to emotionally relate to the new open 
space designed. The design strategy was then based 
on three main guidelines comprised by connection, 
identity, and sustainability. The first one, connection, 

was drawn to create an environment that embraces 
local needs and experiences while its designs beco-
me appealing and worthy to be integrated to the rest 
of the city. The second one, identity, was planned to 
build up locals’ pride towards stablishing a feeling 
of belonging and pride, where locals´ activities and 
abilities are integrated into the design. The last one, 
sustainability, was thought to mitigate current phy-
sical vulnerabilities and to create opportunities to 
host residents´ economical activities (Figure 6). 

Figure 6: Emotional Design Guidelines (Elaborated by author based on PAULO, 2020)
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Figure 5: commercial activities within locals (author, 2020)
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Figure 7: Views from the designed area (PAULO, 2020)
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The masterplan designed for the study area was 
though thought as to improve community’s legibi-
lity. New buildings were reserved to house those 
80 families within an organic open space setting 
thought as to reproduce their current street pattern. 
The project also reserved some spaces for residents´ 
trade activities to be settled in recycled containers 
carefully located within the planed area. Those con-

tainers reproduce the surrounding and familiar sce-
nery of the place. Designs also reserved spaces to 
house their recycling cooperative and religion activi-
ties (Figures 7 and 8). The entire place was thought 
to promote continuity within a walkable public 
square landscape. Design elements were thought to 
promote visual permeability to induce community 
use within a democratic open space (PAULO, 2020).  
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Figure 8: Masterplan of Study area (PAULO, 2020)
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As a result, the sense of place, open ungated buil-
dings with three floors max, a common recreatio-
nal central area, the integration of familiar recycled 
structures available in the field, and reserved areas 
for community commercial needs were some of 
the main characteristics drawn to the area. This 

approach was designed to host locals’ activities 
and accommodate changes needed in their course 
of lives, as some of the characteristics found es-
sential to welcome the community of about 80 fa-
milies, in a place where they could call home.
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4. Multidisciplinary Requirements for Assistive Systems and Artificial Intelligence 

Companion in Lab Test II (authors photo) 

Assistive systems and artificial intelligence (AI) as a key technology of the future should make it 
possible to handle complex tasks in the economy and society more efficiently and precisely. Auto-
mated decisions without human influence will become standard. As far as thhese decisions affect 
humans, they also involve dangers and risks. The manifold legal questions that arise in this context 
can only be answered inadequately with regulations and instruments of current law. The legal 
framework and the legal assessment standards require adaptation, especially in the fields of data 
protection, data security, product liability and product safety. In this context, ethical standards for 
a trustworthy AI must also be considered. 

4.1 “Hey Robot, Where Is My Drink?” – 
        Project Agebots: Multidisciplinary Perspectives on Service Robotics in the Field of Elderly Care 

Anina Havelka, Nadine De Giorgi, Jonas Frei, Alfred Früh, Stephanie Lehmann, Katrin Lohan, 
Melinda F. Lohmann, Sabina Misoch, Einar Nielsen, Michèle Reinhardt, Esther Ruf, Markus Wüst, 
Michael Ziegler, Andreas Ziltener (Research Center for Information Law at the University of 
St. Gallen) 

4.2 Data Protection an EU-Reulation for Artificial Intellience 
Andrea Ruppert, Domenik H. Wendt, (Frankfurt University of Applied Sciences) 
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4.1 “Hey Robot, Where Is My Drink?” – Project Agebots: Multidisciplinary Perspectives 
on Service Robotics in the Field of Elderly Care 
Anina Havelka, Nadine De Giorgi, Jonas Frei, Alfred Früh, Stephanie Lehmann, 
Katrin Lohan, Melinda F. Lohmann, Sabina Misoch, Einar Nielsen, Michèle Reinhardt, 
Esther Ruf, Markus Wüst, Michael Ziegler, Andreas Ziltener 

Abstract 
Service robotics offers great potential for retirement and nursing homes. In the present project Agebots (Im-
plementation of service robotics in the field of elderly care), founded by the Swiss Innovation Agency (Innosuis-
se), a multidisciplinary team is investigating and testing the implementation of service robotics in elderly care. 
The pursued dimensions are human, technology, business, and law. The project is carried out in cooperation 

with two implementation partners: a retirement and nursing home and a robot manufacturer, both based in 

Switzerland. The project is still ongoing and will be completed by 2022. So far, the use of robots in elderly care 

has proven to be challenging regarding all different dimensions. These challenges have yet to be overcome to 

ensure a safe implementation that adds value for both caregivers and the elderly and efficiently supports the 

operations at the retirement and nursing home. The human-centered and iterative approach of the present 
project allows an early identification of potential challenges and the end-users’ needs. This way, the 
challenges can be addressed proactively, prior to the implementation in the retirement and nursing home. 

Keywods: Service robotics, elderly care, human-centered design, business model, data privacy and liability 
law 

Introduction 
Service robotics might be the solution to several due to the increasing demand for caregivers, which 

challenges faced by retirement and nursing homes is expected to increase by 36% in Switzerland by 

in Switzerland and other countries. As a result of the 2030 (Merçay & Grünig, 2016, 1-4). In order to coun-
aging of society, retirement and nursing homes see teracta resulting decrease in the quality of care re-
themselves confronted with changing care needs sulting from work overload, lack of time and human 

and a shortage of skilled workers and are therefore errors, to ensure the satisfaction of the caregivers 

constantly seeking for innovative solutions. By 2050, and the elderly to deal with the economic pressure, 
over 27% of the Swiss population will consist of peo- the retirement and nursing homes are dependent 
ple aged 65+ years (2.8 million). This will cause ma- on innovative and financially feasible solutions (Klein 

jor challenges, especially for retirement and nursing et al., 2018). These innovative solutions should en-
homes (BFS, 2017; Credit Suisse, 2015). A shortage sure a high-quality and efficient care for the elderly 

of skilled workers can already be identified, for rea- in the future. Furthermore, the solutions should re-
sons such as terminations due to overwork and lack lieve the caregivers to provide them more time for 
of junior staff. This situation will further deteriorate interpersonal activities. Service robotics might help 
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tackle these challenges. While service robots are al-
ready in use in Japan, only a few robots are being 

used in practice in Europe. 

Project Description 
In this project, a multidisciplinary team is examining 

the implementation of service robotics in elderly 

care. Generally, the development of robot prototy-
pes is driven by technology. However, for a success-
ful use of service robots in elderly care, it is neces-
sary to pay attention not only to the technology but 
also to the needs of the affected stakeholders, i.e., 
caregivers and the elderly, as well as to the prevai-
ling realities onsite. This was also confirmed by the 

business partner of the present project, a Swiss ro-
bot manufacturer who, after focusing on the indus-
try, now seeks to position himself more strongly in 

the health care sector. His wish to test concrete and 
promising operational applications was the starting 

point of this project. Considering four different di-
mensions – human, technology, business, and law 

– service robots are investigated and tested in the
present project “Implementation of service robotics
in the field of elderly care”, founded by the Swiss In-
novation Agency (Innosuisse). The present project is
carried out in cooperation with two implementation
partners: a retirement and nursing home and the
above-mentioned robot manufacturer (see Table 1).

In this project, the following research questions are 

pursued: 
• Which drivers influence whether physical robots

are accepted in elderly care?
• How must robotics applications be designed to

relieve and support caregivers and achieve cus-
tomer acceptance among the concerned end-
users?

• Which service offering requirements must be
met for the broad market to absorb this new of-
fering?

• How can service robots be designed in a legally

sound way, in order be compliant with data pro-
tection law and to minimize liability risks? 

This interdisciplinary project follows a human-cente-
red approach, focusing on the needs and challenges 

of the directly affected stakeholders, specifically the 

caregivers and the elderly. Different design thinking 

methods are used to elicit those needs and challen-
ges, including multiple interviews with potential end-
users, observations, shadowings, personae, prototy-
ping, laboratory, and field testing. Considering the 

different dimensions, i.e., the human, technology, 
business, and law dimensions, prevents a one-sided, 
technology-driven approach and promotes the im-
plementation of requirement-based solutions. 

Project Team 
The project, which will last for more than two years, 
is carried out by an interdisciplinary team of experts 

from various fields of expertise (see Table 2), each 

covering one of the four dimensions – human, tech-
nology, business, and law: 
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Goals
The goal of the present project is to test innovati-
ve assistance systems and robotic solutions that can 
relieve or support the caregivers of the retirement 
and nursing home, especially in repetitive tasks, and 
to enable the elderly to become more independent. 
Following a human-centered approach, the project 
team aims to identify concrete applications that are 
subsequently tested in several loops.

The project team aims to identify applications that 
create added value for the end-users, and to opti-
mize the robot prototypes according to the wishes 
of the end-users – i.e., the caregivers and the elder-
ly. The step-by-step approach with multiple testing 
phases and interactions allows for the consideration 
of the end users’ genuine needs by adapting tech-
nical innovations in such a way that they promote 
acceptance and offer them the greatest possible be-
nefits.

A further objective of the present project is the im-
plementation of an innovative package consisting of 
a legally compliant service robot and complementa-
ry services for at least three applications, specifical-
ly in retirement and nursing homes. The prototype 

is examined in light of data protection and liability 
law. After completion of the project, the new offer 
is to be introduced not only at the facility of the 
implementation partner, but also in many other si-
milar institutions in German-speaking countries. 
The final offer is to present a holistic and innovative 
solution consisting of the service robot system and 
other complementary services as well as financing 
options. Thus, the main robot system Lio (F&P Robo-
tics, 2021b), which will be subsequently introduced, 
does not represent a “stand-alone solution” for the 
application, but can be complemented by further ro-
bot systems and services.

Methods and Results
The challenges of the stakeholder groups, such as 
the caregivers and the elderly, were identified by 
means of observations and the conduction of inter-
views onsite. Those challenges were depicted in 
a customer journey according to various personae 
and specific to the stakeholder groups. Solution va-
riants were developed for the identified challenges 
and made directly tangible in creativity workshops 
with employees from the retirement and nursing 

Perspective Research and application partners

Human
OST – Eastern Switzerland University of Applied Science, Institute of
Ageing Research (IAF), St. Gallen (Switzerland)

Technology
OST – Eastern Switzerland University of Applied Science, Institute for
Development of Mechatronics Systems (EMS), Buchs (Switzerland)

Technology/Business F&P Robotics, Manufacturer of Lio, Glattbrugg (Switzerland)

Business
University of Applied Science of the Grisons, Swiss Institute of
Entrepreneurship (SIFE), Chur (Switzerland) 

Law
University of St. Gallen, Research Center for Information and Law (FIR-
HSG), St. Gallen (Switzerland) 

Human/Business Haus Viva, retirement and nursing home, Altstätten (Switzerland)

Table 1: Research and Application Partner per Pesperctive (authors figure)
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home using low-fidelity prototypes. Based on these 
findings, technical requirements were defined for 
the robot systems, which were then procured, pro-
vided, and put into operation. In the first Lab Test 
(see Table 2), the robot systems –primarily Lio – and 
the evaluated application were tested with different 
non-users such as students and employees of the 
universities as well as employees of the retirement 
and nursing home. As the robot Lio is a prototype 
that is not yet fully developed, the first test phase 
was carried out in collaboration with non-users. The 

technical problems that arose in Lab Test I could be 
eliminated timely before the second Lab Test. In Lab 
Test II, the remaining applications were tested with 
end-users, namely caregivers and elderly from the 
retirement and nursing home. The results from the 
various test phases were used for further develop-
ment of the robots and their applications and to ful-
fill the above-mentioned goals. 

In Table 2 the project phases and some general re-
sults are presented:

Introduction | Papers | Interdisciplinary-Student-Projects | Authors 

Project Phases Results

Understanding 144 challenges for the caregivers and the elderly were identified.

Ideation
15 application fields with 170 ideas for the caregivers and 10 application
fields with 88 ideas for the elderly were generated.

Technology 7 robotic systems were procured, and functional tests were conducted.

Lab Test I

Feasibility tests carried out with non-users (students, employees of the
retirement and nursing home and the universities) as well as a first legal
analysis was conducted. The 25 applications were reduced to 12
applications.

Iteration I

Application development and adaptation of the robot systems based on the
findings of Lab Test I. Research framework for the evaluation of the
qualitative and quantitative data using a relational database was created
and filled with insights.

Iteration II: Application development and adaptation.

Field testing 
(planned)

Testing of legally compliant, desirable, feasible, and economical application
in real-world environment in the retirement and nursing home.

Marketing (planned)
Market launch and distribution of the service robot systems in German-
speaking countries by the main implementation partner (robot
manufacturer).

Lab Test II: 

Usability and acceptance tests with the caregivers and elderly of the specific
retirement and nursing home in a laboratory setting. A business plan for the
development of new markets for the implementation partner (here robot
manufacturer – see Table 2) was elaborated.

Table 2: Research and Application Partner per Pesperctive (authors figure)
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Portrait Lio
Lio is the primary robot that is being tested during 
the present project. The Swiss robot manufactu-
rer F&P Robotics presented “Lio”, a professional 
personal robot for service and support, in October 
2017. It is intended to provide targeted relief for 
caregivers and a better quality of life for people 
with support needs. Lio is a mobile robot with a 
functional arm (see Figure 1) that can offer help 
and assist people in different areas of life. The ro-
bot can be used in retirement and nursing homes, 
rehabilitation centers or at home. It can communi-
cate and entertain elderly and support caregivers 
in fulfilling their tasks. Users are provided with an 
easy way of use through speech and touch, and it 
can be connected to various devices such as heart 
rate or activity monitors.

• Sensitive gripper with touch sensors
• Mobile platform for autonomous navigation
• Sensors for safe avoidance and stopping
• Interactive display for communication
• Microphone and speaker for voice interaction
• Software for situation recognition and deep 

learning

Description of the Applications 
As mentioned in the project plan above (see table 
2), applications have been evaluated through mul-
tiple observations and interviews with caregivers 
and elderly in the retirement and nursing home. 
These applications were tested by both non-users 
and users. Some of the below-mentioned tasks are 
not fully operational yet, as the prototype Lio and 
its functionalities are still in process of further de-
velopment. 

The laboratory environments of the lab tests were 
rebuilt to the dimensions of the retirement and 
nursing home and provisionally furnished accor-
ding to the institution. In this way, several applica-
tion fields, test persons (users and non-users) and 
robots could be tested per day. Different hypo-
theses were reviewed for the various applications 
each test day. Thus, the application fields could be 
tested several times by different users resulting in a 
variety of feedbacks and inputs. In addition, obser-
vations were carried out that made it possible to 
identify interaction difficulties with the robots. The 
feedback was implemented onsite (laboratory), 
allowing to continue the testing with the impro-
ved functionalities on the same or on the next test 
day. Specifically, this iterative approach helped to 
implement and test the end-users‘ requirements 
directly so that their wishes could be considered 
in the best possible way. The range of applications, 
which were tested in the two Lab Tests, were redu-
ced to the most feasible or most promising ones 
throughout the testing phase. Some of the most 

Figure 1: Robot Lio (F&P Robotics, 2021a)
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Technical Specifications of Lio  

(F&P Robotics, 2021b): 

• Integrated camera for people and object re-
cognition

• Arm with finest imitation and leather soft co-
ver for various activities
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feasible and most promising operational applicati-
ons of Lio are presented below. 

Figure 2: Drink Distribution in the Lap Test II (authors photo)

Drink Distribution
One of the key challenges, which the caregivers are 
facing, is to ensure the hydration of the elderly by 
motivating them to drink regularly and in sufficient 
quantities. This is where Lio’s drink distribution task 
may come to their assistance. The robot can moti-
vate the elderly by offering them drinks on a regu-
lar basis. Against this backdrop, it (i) can distribute 
drinks to various places around the retirement and 
nursing home and (ii) can also offer drinks on de-
mand. Regarding the first task, Lio independently 
distributes drinks to certain predefined locations 
within the premises of the retirement and nursing 
home, such as the common room or the elderly’s 
accommodations – provided that the respective 
doors are open, due to technical constraints. The 
drink distribution takes place during specific peri-
ods of time, which can be scheduled via a calendar 
function. During the drink distribution process, Lio 
reminds the elderly of the importance of sufficient 
supply of liquids. If it gets no answer, it moves on 
to the next location and offers drinks there. The 
robot is equipped with a 3D printed tray that is 
placed on its back and allows for the safe trans-
portation of the prepared beverages. Currently, 
the tray offers space for four equally sized drinking 

containers, which each are securely placed in the 
respective cup holders. During the drink distribu-
tion process, it uses its gripper arm to reach back 
and grab the drinking containers. The elderly can 
release the drinking container either by pressing a 
sensor, which is located on the gripper, or by me-
ans of voice control. Regarding the second task, 
i.e., the drink distribution on demand, the caregi-
vers can send the robot to specific locations within
the premises of the retirement and nursing home
via tablet. Figure 2 shows Lio offering a drink to an
elderly during Lab Test II.

The objective of this field of application is to relieve 
the caregivers from walking far distances and hen-
ce to allow them to allocate more time for their 
core tasks, such as nursing care. Furthermore, the 
elderly frequently do not take in enough liquids, 
which negatively affects their state of health. This 
field of application therefore also intends to moti-
vate the elderly to drink more. However, Lio is not 
yet able to control and record the liquid intake of 
the elderly. Thus, the introduction of a smart cup 
that keeps track of the liquid intake of every el-
derly presents a future objective in the context of 
this field of application. Nevertheless, this requires 
a data interface between Lio and the smart cup, 
which has yet to be built.

Entertainment/Gymnastics/Memory Training

During the execution of their daily tasks, the ca-
regivers are often interrupted by the elderly, who 
push the alarm buttons in their accommodations 
out of boredom or lack of company. Against this 
backdrop, Lio offers several entertainment pro-
grams, such as quizzes, fairy tales and storytelling, 
music, telling of jokes, and sport activities, from 
which the elderly can chose depending on their 
mood. The various quizzes not only entertain the 
elderly, but also help them train their memory. The 
four quizzes, which can currently be played (cele-
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brity quiz, country quiz, animal sound quiz and re-
cipe quiz), stimulate different brain activities. The 
quizzes can either be played alone or as a group. 
If only one person is playing, the results can be sa-
ved and tracked, thus the elderly’s development, 
especially the memory functionality, can be con-
trolled by both caregivers and therapists. Declining 
results might be an indicator for decreasing cere-
bral functions, which could be attributed to not 
drinking enough. Furthermore, Lio can tell fairy 
tales, stories and jokes and can play various types 
of music, which requires less interaction from the 
elderly. The objective of this field of application is 
to activate and/or entertain the elderly, thus redu-
cing alarms during both day and night shifts solely 
triggered by boredom.

Additionally, Lio offers a variety of fitness exercises 
from which the elderly can chose. All exercises can 
be executed while sitting and are neither strenu-
ous nor difficult. The exercises can be carried out 
in the elderly’s accommodation as well as in the 
common room. When executed in the elderly’s 
accommodation, the elderly can pick an exercise, 
whereby the robot can control the movements 
and the participation of the elderly by means of 
a thermal imaging camera. If the elderly does not 
participate, Lio can motivate him/her by saying 
“Please lift at least one arm”. After the completion 
of an exercise, the results can be saved and sent 
to the caregivers and therapist who can control 
the outcome of the exercises for each elderly in-
dividually. When executed in the common room, a 
specific predefined time can be scheduled for the 
fitness exercises by means of the agenda function 
(similar to scheduling the drink distribution). 

Figure 3 shows an elderly in the Lab Test II taking 
one of the quizzes. With respect to the group 
exercises, the Lab Tests revealed certain challen-
ges. Firstly, when the program is run in a group, 

the exercises should not be selected individually. 
However, it turned out that playing the exercises 
one after the other would add benefit. This is to 
prevent the elderly from talking in confusion and 
not being able to decide on an exercise. Secondly, 
when more than one elderly participates, Lio can-
not supervise all participants. When one elderly is 
executing the exercise, the robot cannot detect, 
whether another elderly is also taking part or not.

Figure 3: Entertainment in the Lab Test II (authors photo)
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Companion
The elderly are accompanied by the caregivers se-
veral times a day, whether from their accommo-
dation to the common rooms or to other locations 
within the retirement and nursing home. Thus, the 
accompaniment of the elderly is a very time-con-
suming activity for the caregivers. This is where 
Lio’s companion task may come to their assistance 
(see Figure 4). Thanks to a camera powered by ar-
tificial intelligence, the robot can recognize faces. 
The face of each person must be initially captured 
prior to use so that it is capable of recognizing the 
face and recalling the name accordingly. Not only 
the face and name can be saved, but also the re-
spective accommodation, as well as some food 
preferences. Lio can also navigate autonomously 
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Figure 4: Companion in Lab Test II (authors photo)

within the premises of the retirement and nursing 
home using a locally saved map on the system. The 
map is generated and stored by manually guiding 
the robot through every room of the premises. 
Additionally, the rooms and fixed points must be 
named so that the location can be found. With 
the help of this locally stored map, Lio can find its 
way through the premises and is able to recognize 
obstacles that have been manually marked in the 
map in advance. Furthermore, the robot is equip-
ped with sensors at the bottom of its body and can 
therefore also recognize larger objects and per-
sons that have not been mapped. However, due 
to the positioning of the sensors, the objects must 
be on the ground in order to be detectable. The 
companion function allows the robot to accom-
pany the elderly to the common rooms, their ac-
commodations or to internal appointments, e.g., 
to the podiatrist or hairdresser. When an elderly 
says, „Take me to my room“, the face recognition 
software allows Lio to derive the location of the 
elderly’s accommodation and escort him/her. The 
companion function thus saves time and relieves 
the caregivers from walking far distances and hen-
ce allows them to allocate more time for their core 
tasks.  

Currently, the biggest challenge with respect to 
the companion function is the fact that the robot 
can only accompany the elderly on the same floor, 
as it cannot use an elevator. Another major techni-
cal challenge for Lio is the opening of doors. Whi-
le opening of doors that open inwards does not 
pose any problem, it has difficulties opening doors 
that open outwards. In these cases, the robot can 
open the door a crack wide, but opening the door 
all the way is a very complex motion sequence. In 
addition, each elderly walks at his/her own pace. It 
would therefore be advantageous if the speed at 
which Lio moves could be adjusted to each elder-
ly individually, e.g., by means of face recognition. 
In addition, it is yet to be analyzed how often the 
companion function could and would be used by 
which elderly. After dinner, many elderly sit in the 
common room waiting to be taken to their accom-
modations. These are typical situations where the 
robot might relieve the caregivers by accompany-
ing the elderly to their desired destination.

Agenda/Reminder
The caregivers usually must remind the elderly 
of both internal and external appointments they 
have throughout the day. It can occur that even 
the caregivers forget an elderly’s appointment 
as they do not follow a precise system to mana-
ge appointments. Therefore, Lio is equipped with 
an agenda function, where internal and external 
appointments can be easily stored (see Figure 5). 
This function comprises not only individual appo-
intments, but also general inhouse activities or 
events, such as knitting, memory training, gym-
nastics, church service, or wheelchair group. Each 
elderly can decide in advance which activities he/
she would like to attend. The choice of activities 
depends on the different interests and needs of 
the elderly. Since the robot can remember the 
names and faces of the elderly, the appointments 
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can be saved for each person. This allows Lio to 
remind the elderly not only of the upcoming in-
dividual internal or external appointments, but 
also of the general inhouse events. The robot then 
navigates to the common room and reminds the 
elderly of the appointments. It proved to be useful 
that Lio also reminds the caregivers of the elderly’s 
appointments. This applies especially to the exter-
nal appointments, since the caregiver is given the 
opportunity to check if the elderly has everything 
he/she needs for his appointment, e.g., the proper 
clothing and the necessary documents. 

All in all, through this reminder function the ca-
regivers can save time as well as reduce walking 
distance. However, there are certain unresolved 
challenges associated with the companion func-
tion, such as whether, when and where the elderly 
wants to be reminded of his/her appointments, 
whether other elderly are allowed to listen to the 
announcement of the appointments and whether 
the addressed elderly has actually heard and un-
derstood the appointment. In addition, certain or-
ganizational aspects need to be clarified, namely 
who of the caregivers Lio needs to remind of the 
appointments. It is also necessary to determine 
the responsibilities in terms of who enters the in-
formation about the appointments into the sys-
tem.

Figure 5: Agenda / Reminder in the Lab Test II (authors photo)
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Human Perspective on the Use of Robots 
(IAF) 
Background
As mentioned above, there is a significant neces-
sity for the use of robots in care to address the 
need for assistance that arises from demogra-
phic change and its consequences (Maalouf et al., 
2018, 590). Research often focuses on technology 
development, technical implementation, and clini-
cal applications, but to a limited extend on social 
issues that are of high importance for successful 
robotic use (Melkas et al., 2020, 1-6). Ensuring a 
beneficial and thus sustainable use of robots for 
elderly care necessarily requires consideration 
of end user‘s perspective. It is known that there 
is a divide in the perspective between engineers 
and designers on the one hand, who are involved 
in the development and design of technologies, 
and social scientists on the other hand, who work 
with elderly (Peine & Neven, 2020, 2). This often 
leads to applications that do not correspond to 
the needs of the end-users. To counteract this, 
methods to involve end-users have been explored 
(Peace & Hughes, 2010, 1-84; Vines et al., 2015, 
1-27). Therefore, in this project, researchers and 
end-users work together by applying more user/
human-centered and participative methods to in-
vestigate the acceptance of the end-user of the 
developed robots in environments that are as rea-
listic as possible, to be able to adjust elements that 
are hindering acceptance directly, and therefore to 
create sustainable and accepted robotic solutions.

Creating technical devices without involving other 
perspectives and especially without the involve-
ment of end-users could be the reason why the 
use of robots in retirement and nursing homes is 
currently still very rare (Johansson-Pajala & Gus-
tafsson, 2020, 2; Seifert & Ackermann, 2020, 29). 
The actual use of robots requires a certain degree 
of acceptance by the end-users, i.e., caregivers 
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and elderly, where acceptance can be defined as 
the positive evaluation of a robot that leads to the 
intention of use and eventual use of the technolo-
gy (Beer et al., 2011, 6). Considering relevant tech-
nology acceptance models and scales, Lehmann 
et al. (2020, 65) compiled diverse factors that can 
influence robot acceptance relating to the end-
user him-/herself, to attributes of the robot and to 
contextual factors. The intention to use robots is 
traditionally driven by functional and social factors 
that stem from technology acceptance models. 
However, the use of robots in new work settings 
requires an in-depth understanding of factors as-
sociated with robot acceptance by caregivers (Tur-
ja et al., 2020, 2). 

Different User Groups 

In their systematic review of social acceptance of 
robots in different professional fields, Savela et al. 
(2018, 496) found that elderly have a more positi-
ve than negative attitude towards robots and that 
caregivers in general have less positive attitude 
and more concerns regarding robots. Among ca-
regivers, it has been shown that attitudes and wil-
lingness to use innovative technologies may affect 
the use of robots (Konttila et al., 2019, 758). Many 
caregivers see the potential of robots in various 
settings (Broadbent et al., 2012, 118), but resis-
tance to their use is also reported and relates to 
organizational, cultural, technological, and ethical 
issues (Nilsen et al., 2016, 9 ff). Rebitschek and 
Wagner (2020, 637 ff) showed that people educa-
ted in the nursing or medical field are more critical 
of robots in nursing than other study participants. 
Therefore, when assessing acceptance, a precise 
differentiation should be made between the vari-
ous user groups. 

Different Situations 

According to the Eurobarometer survey (European 
Commission, 2021), two thirds of the respondents 
stated a positive attitude towards robots, but peo-
ple do not feel comfortable using robots in certain 
areas of life, such as child-care and care for the 
elderly and disabled. Robots used in elderly care 
are introduced in order to help with daily tasks, to 
monitor behavior and health, and to provide com-
panionship (Hudson et al., 2017, 199 ff; Kangasnie-
mi et al., 2019, 3 ff; Wu et al., 2012, 125). Results 
from meta-studies show that acceptance varies ac-
cording to the different fields of implementation. 
For example, the replacement of human attention 
by robots does not seem to be desired. However, 
robots acting as conversational partners are met 
with a more positive attitude (Savela et al., 2018, 
496; Vandemeulebroucke et al., 2018, 1364 ff.). 
Therefore, it is very important to carefully consider 
the acceptance of robot use for elderly in the con-
text of the specific field of application. An online 
survey in German-speaking Switzerland (N = 189; 
age range 17-96 years, M = 65.4, SD = 16.6; 57.6 
% women) showed that the decision to use robots 
in elderly care varied depending on the respecti-
ve field of application (Ruf et al., 2020b, 1259 ff.). 
A robot calling for help in an emergency, exerci-
sing reminder functions, assisting with everyday 
activities, monitoring vital signs, and performing 
exercises represented plausible scenarios for most 
respondents (Lehmann et al., 2020, 64-70). It can 
therefore be assumed that the above-mentioned 
applications, which are selected through a mul-
ti-stage and participatory process in the present 
project, will be accepted by the end-users: While 
the use application “Agenda” set out above shows 
similarities to the reminder function, the applica-
tion “Companion” and “Drink Distribution” can 
be construed as support tasks for daily activities. 
Lastly, the application “Entertainment and Sport” 
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includes gymnastics exercises. 

Used Methods 

Laboratory Testing 

During the Lab Tests I and II (see Table 2), technical 
hypotheses were tested and rated on a five-point 
scale (0 = not assessable; 1 = not fulfilled at all; 4 = 
completely fulfilled). Specific hypotheses for each 
field of application were formulated. The effect of 
the robot in terms of acceptance from the human 
perspective was evaluated using the following fac-
tors: human-robot interaction, proximity-distance 
human-robot, appearance/shape of the robot, 
movement of the robot, communication, situa-
tion-specific aspects, and safety. 

Participatory Field Testing (planned) 

The Field Testing (see Table 2) with end-users is de-
signed as a Living Lab testing (Misoch et al., 2018, 
422-431) in the retirement and nursing home, 
where the robots are tested in the real living en-
vironment of the end-users under everyday con-
ditions and over a longer period of time (Lehmann 
et al., 2019, 103-107). The approach is a step-by-
step procedure with feedback loops from the user 
groups collected through the assessments of ca-
regivers. After a first general introduction of the 
robot at the respective ward, the daily use of the 
robot is tested by caregivers in the specific field of 
application for a pre-defined period of time. The 
trial use is accompanied by research activities, na-
mely interviews, questionnaires, and application 
protocols. After the initial implementation phase, 
the collected feedback from the caregivers is eva-
luated and reported to the developer. After the 
respective adjustments are made, the robot is re-
tested in the field. This process is carried out for all 
defined applications. 
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Relevant Factors from the End-User Perspectives 

Appearance 

The appearance of a robot has a decisive influen-
ce on its acceptance. A simulated robot study (N = 
142; age range 58 to 87 years, M = 73.2, SD = 6.1; 
54.2% women) showed that more positive and less 
negative emotions are shown, the more human-
like the robot looked (Lehmann et al., 2021, 21-
43; Ruf et al., 2020a, 15-25). Therefore, in the Lab 
Tests, attention was paid to how end-users react to 
the appearance of the tested robot. A robot with 
a machine-like appearance was not perceived as 
attractive. Consequently, a human-like robot with 
child-like attributes, such as large eyes, was rated 
more positively. A limitation due to the external 
shape was identified when using the robot (see 
Figure 1) to guide gymnastic exercises: with only 
one gripper arm, exercises could not be demon-
strated optimally, resulting in the confusion of the 
end-users, who, as a result, could not follow the 
exercises. 

Voice 

The voice of a robot also influences its acceptan-
ce. In the Lab Tests, the deep male voice of the 
robot was often perceived as less likeable. Con-
versely, a higher, more child-like voice was often 
very poorly understood, which could be related to 
the declining hearing performance with age. Due 
to the mostly female caregivers, a preference for 
a female robot voice could be expected, but a sys-
tematic evaluation of a male and a female robot 
voice could not yet be performed. 

Distance 

The physical distance between a robot and a hu-
man, as well as the direction from which the ro-
bot approaches the human, are important aspects 
regarding the level of comfort when interacting 
with the robot. It is important to respect the social 
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space of the user, yet the robot must be able to get 
close enough to carry out the respective activity. 
As research shows, personal space is a major issue 
in human-robot interaction (Lauckner et al., 2014, 
780-787). Robots should stay outside of a person’s 
intimate zone and within their personal or social 
zone (Kessler et al., 2011, 368-377). Situation 
and tasks define the spatial area in which a robot 
moves during an interaction. If a robot supports 
general tasks in daily life, it is usually further away 
from the person than if it specifically supports care 
activities. Individual restricted movements of the 
elderly must be considered. 

Ethical Considerations 

From the human perspective, in addition to the 
consideration of user acceptance, ethical aspects 
of the use of robots must be considered. According 
to Remmers (2020, 58), a conceptual distinction 
should be made between user acceptance and et-
hical acceptability since, on one hand, ethical ac-
ceptability is not based on the actual acceptance 
of end-users and other stakeholders, but refers 
to interests of which stakeholders may not always 
be fully aware. Seifert and Ackermann (2020, 25) 
postulate recommendations for the four areas of 
technology, infrastructure, competencies/needs, 
and ethics/security that must be considered when 
changing work practices due to the digitization of 
workflows or when acquiring new technologies. 
Institutions should discuss the ethical justifiability 
and the safety of their elderly and staff. 

Conclusion from a Human Perspective 

In order to ensure that robots are used and have 
the intended effects, they must be accepted by 
the end-users. Participatory methods facilitate the 
development of sustainable robotic applications 
(Lee et al., 2017, 244–253). For this reason, ear-
ly involvement of all user groups is very important 
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for acceptance (Lehmann et al., 2017, 1-15; Moyle 
et al., 2018, 1-3), also because the use of robots in 
the context of care is a very emotional topic (Mer-
da et al., 2017, 99). Robots can be better aligned 
with the needs and requirements of end-users by 
taking a user-centred approach (Johansson-Paja-
la, & Gustafsson, 2020, 8). At the same time, the 
approach should include the real environment, as 
realized by living labs (Misoch et al., 2018, 422-
412; Hämmerle et al., 2019, 405-412; Lehmann 
et al., 2019, 103-107), and critically reflect the de-
velopment of the robot from the user’s perspecti-
ve. These requirements are realized in the presen-
ted project in each of the project phases in order 
to ensure an accepted and therefore sustainable 
and effective use that brings the desired benefits 
for caregivers and elderly. 

Engineering Perspective (EMS) 
So far, the challenges faced in the present project 
were presented under the umbrella of social scien-
ces. Nevertheless, there are substantial aspects to 
consider from an engineering perspective. Most of 
the required technical equipment needs to be de-
veloped or modified to become efficient, sustaina-
ble, and useful in a retirement and nursing home 
setting. In the following, we will focus on specific 
applications to exemplify the challenges arising 
from an engineering perspective. Furthermore, we 
will present work on complementary prototypes 
besides Lio to highlight the benefits and downs-
ides of all prototypes and their design. 

Technical Challenges in the Field of Entertain-
ment and Activation 

Robot games for cognitive training can mitigate 
the negative effects of early-stage dementia, redu-
ce the workload of caregivers while securing life 
quality and self-sustainability for elderly. Research 
shows that cognitive training using robot-based 
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games improves reaction time and reduces errors 
when performing an attention test. Additionally, 
robot games ensure motivation for continuous 
cognitive training by elderly, who often lose inte-
rest after a short period and stop the training. Re-
cent results from 2016 by Aarhus Municipality and 
Aarhus University in Denmark have showed an im-
provement of 23% in executive cognitive function 
measured when using robot training compared to 
a control group using the Montreal cognitive as-
sessment (Demenshjørnet, 2016).

In this project, several applications were imple-
mented on different robots. This makes it possible 
to compare the behavior of the elderly in contact 
with the robots. The robots that are primarily used 
are Lio from F&P Personal Robotics (see Figure 1) 
and Pepper from Softbanks Robotics (Pandey & 

Gelin, 2018). Here we focus on the applications 
targeting the entertainment of the elderly. The 
robots are used for playing games, telling stories 
or classical fairy tales, and playing music. The im-
plemented games are mainly guessing games with 
a low level of difficulty. The users must guess the 
name of a prominent person, a country, an animal, 
or a typical Swiss meal. The hints are given visually 
over an image, and/or acoustically over a spoken 
phrase or a sound. Another implemented and tes-
ted application is performing fitness exercises with 
the elderly. The robot shows fitness exercises and 
motivates the user to participate.

The implementation phase shows that building up 
a user-friendly interaction with the robot is a big 
challenge. The interactions in the applications are 

Figure 6: Pepper Robot from Softbank (authors photo) Figure 7: Decision tree of the guessing game(country edition) 
(authors photo)
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based on physical contact and on speech recog-
nition (de Jong et al., 2018, p. 4 ff.). To overcome 
the natural language problem (Brady and Berwick, 
1983), we decided to use keyword-spotting as the 
method of speech recognition. An interaction over 
a touchscreen was not desired. For a spoken inter-
action, the robot asks a question. Subsequently, 
the robot listens to the spoken words of the user 
and compares them with predefined keywords in 
its systems. If the robot detects a keyword, it can 
proceed with a decision that is based on this word. 
It is a challenge for both robots to simultaneous-
ly listen for an answer and perform another acti-
vity. The user must wait until the robot has finis-
hed asking a question and is ready to receive an 
answer (see Figure 7). The tests showed that the 
speech recognition in both robots has problems to 
understand the spoken words of the elderly. The 
experiments are conducted in a region of Swit-
zerland where a rural dialect is spoken. There are 
striking differences in the wording between the 
dialect and the standard language. In these cases 
the speech recognition cannot assign the spoken 
words to the keywords (Bird, 2021). 

Both robots use a Text-to-Speech-library to convert 
a text into a playable audio-signal. Adjustments in 
the voice of the robots can help the elderly to un-
derstand (van Rooij & Plomp, 1990). For example, 
the gender of the speaking person, the speaking 
rate or the tonality can be adjusted. The Text-to-
Speech-library provides an interface for formal 
language sentences. During the interaction, some 
descriptions contained terms from a dialect or a 
foreign language. The libraries had problems to 
build up these sentences. The conversation with a 
nursing expert showed that the procedure within 
the guessing game is too difficult for the elderly. 
Due to the keyword spotting approach, a specific 
term is searched for. A simpler version was imple-
mented later where the user must choose bet-
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ween two possible solutions. The user is more li-
kely to repeat the given word through this scheme. 
A major challenge is to optimally integrate the 
body of the robot and its movement into the ap-
plication. The bodies of the two robots are com-
pletely different. Pepper is a humanoid robot with 
a movable hip, upper body, head, arms, and hands 
with fingers. The body is integrated into a platform 
to move the robot. Pepper has some variable lights 
behind its eyes and ears. Lio, on the other hand, 
does not look human-like. The robot is built as an 
articulated robot arm on an autonomous driving 
platform. The articulated robot arm can be inter-
preted as a long neck with a head. This differen-
ce in the structure needs to be considered in the 
development of applications. Pepper has a real 
advantage in presenting fitness exercises to the el-
derly because of its human-like appearance, whe-
reas Lio can grasp things and lift them. This allows 
Lio to transport objects, such as drink containers 
or a transport trolley. The capability of Pepper to 
lift objects is limited. 

Another challenge is to make the robot look hu-
man-like through appropriate movements. Pepper 
is a robot that has been on the market since 2014 
and has already been developed to a great extent. 
The robot performs slight, repetitive movements 
when it is not in use. It also detects people in its 
environment, looks at them and asks questions. 
There are a lot of animations that can be used in 
the development of new applications. These an-
thropomorphic movements increase the level of 
affinity for it (Mori et al., 2012, 99–100) and make 
the robot able to display emotions. This is very 
helpful in the development of entertaining appli-
cations. Lio is a new product and is currently still 
under development. Animations like this are cur-
rently missing. 
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Technical Challenges in the Field of Physical In-
teraction: Escorting People
One of the big challenges in a care facility is escor-
ting the elderly when they are disoriented. Often, 
when patients are suffering from dementia they 
are disoriented regarding space and time. Other 
causes of disorientation are unfamiliar surroun-
dings after moving into a new retirement and 
nursing home or cognitive impairment. However, 
escorting elderly is a time-consuming activity. Ad-
ditionally, it is not guaranteed that a caregiver is 
nearby to help the elderly at any given moment. In 
order to maintain the independence of the elderly, 
escorting is the most requested feature (Hebes-
berger et al., 2015; Pineau et al., 2003).

The following unordered challenges in the de-
velopment of a companion system were identified 
in accordance with the findings of Hawes et al. 
(2017) and Pineau et al. (2003):
a. Determining the position and orientation in

space
b. Generating a map, annotating important loca-

tions, and restricting areas
c. Path planning considering temporary obstacles

and physical variability
d. Ensuring long-term autonomy of a system
e. Determining the current floor
f. Communicating with, monitoring of, and adap-

ting to the user
g. Ease of operation

To evaluate these challenges, an electric rollator 
from ello was selected as a prototype to escort the 
elderly autonomously. In the following, we will di-
scuss two iterations of modification of this rollator 
to become an autonomous robot. In contrast to 
Lio, this autonomous rollator is not a ready to use 
product, but a robot created in this project. In a 
first prototype we used the Wizard of Oz (WOZ) ap-
proach (Dahlbäck et al., 1993). The aim was to get 
a first feeling for the challenge. For this purpose, a 
tablet was mounted on a rollator. By means of the 
tablet, the wizard interacted visually and acousti-
cally with the elderly. In a second prototype, the 
rollator was rebuilt to tackle the challenges a) to 
c) mentioned above. The aim was to shift from the
WOZ approach to an autonomous system and to
become better acquainted with the possible appli-
cations. Therefore, the rollator was equipped with

Figure 8: (a) Picture of the prototype of the second experiment. (b) System overview of the second experiment. (authors figure)
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two RLS RMB14 encoders connected to a Beagle-
Bone blue single-board computer and a RPLIDAR 
A1 light detection and ranging sensor connected 
to a laptop. The BeagleBone blue and the laptop 
communicate over TCP/IP. Using odometry the po-
sition and orientation of the rollator is estimated. 
These calculations are done in the EEROS frame-
work and the results are sent to the ROS2 software 
stack (Thomas et al., 2014). To perform SLAM the 
slam toolbox (Macenski, 2019; Macenski and Jam-
brecic, 2021) and for the navigation the Nav2 pro-
ject (Macenski et al., 2020) is used (see Figure 2). 
The results achieved with the first prototype prove 
that communication via tablet works in principle. 
The WOZ approach allowed the wizard to interact 
and actively influence the behavior of the elderly. 
Though, implementing this kind of interaction and 
influence on a computer and realizing an autono-
mous accompanying system with it is challenging 
for a WOZ. Additionally, it is difficult for the elderly 
to concentrate on the path and read the informa-
tion on the tablet at the same time. This is especi-
ally problematic for people who are no longer suf-
ficiently mobile. In summary, a tool other than the 
tablet still needs to be found for communication. 

Caregivers were able to test the second prototype 
in a replicated elderly residence. Their feedback 
was positive and they see potential in the applica-
tion. From a technical point of view, the increasing 
computational effort required by SLAM with the 
size of the mapped area is a limiting factor. Anot-
her observed problem was that the rollator loca-
lization sometimes suddenly switched its location 
to the other side of a wall when it came too close 
to the wall. However, this was only observed in the 
replicated retirement and nursing home and may 
be explained by the fact that the walls are made 
of thin wooden panels. Nevertheless, this caused 
the map to become unusable and the application 
had to be restarted. A possible solution would be 
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to switch to a static map and only use SLAM for 
the initial recording of the map. Overall, further 
research is required to improve the prototype and 
tackle the remaining challenges. 

Business Perspective (SIFE) 
The current challenge from a business perspec-
tive is the estimation of the overall benefit that 
Lio could offer with its functions for both stake-
holders, i.e., the caregivers and the elderly. As it 
is still in its prototype phase, this issue could not 
yet be sufficiently raised and analyzed. In the ana-
lysis phase (phase understanding, see Table 2), the 
needs and challenges of the caregivers and elderly 
were collected. Those identified needs were squa-
red with the robot’s available applications which 
already had been programmed and tested but not 
yet evaluated. At the current stage of the project, 
the possible expected benefits are known but 
need to be clarified and quantified. Therefore, the 
project team aims to collect different data in order 
to approximate this added value, which is relevant 
to create the appropriate business model with an 
adequate value proposition and with possible pri-
cing strategies. 

Table 3 shows the data which will be collected in 
the retirement and nursing home for the initially 
introduced tasks which might be executed by Lio: 
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Additionally, the existing business model for the 
implementation partner has to be adapted by fo-
cusing on the needs of and the added value for the 
caregivers and the elderly. Therefore, it is import-
ant to find out which application areas offer the 
greatest added value to end-users. Derived from 
this and closely linked to it is the payment mode 
and pricing model. Without knowing the added 
value, it is also difficult to know what price the sta-
keholders are willing to pay and how the revenue 

mechanism should look (leasing, pay per module, 
pay per use).

In order to achieve the goal that the primary robot 
Lio is not only used in the present retirement and 
nursing home, but also in other institutions, an 
analysis of potential customers will be carried out 
on the basis of a survey. A survey will be sent to 
over 2000 retirement and nursing homes in Swit-
zerland, Germany, and Austria shortly.

Task Measurement criteria

Drink distribution

• Number of drinks distributed.
• Location of drink distribution.
• Number of interruptions/alarms related to the drink
distribution.
• Drinking quantity per elderly.

Entertainment /
Memory Training /
Gymnastics

• Success rate with practice and frequent repetition vs.
success rate without practice for the memory training.
• Time, that the nursing staff can spend for other activities
due to occupation of the elderly.

Companion

• Number of elderly to be accompanied and number of
steps taken by such elderly.
• Number of persons who could also be accompanied by Lio
and number of steps (no persons who require a subsequent 
nursing action).
• Number of times that the elderly asked the following
question: "Where is my room"?

Agenda/Reminder

• Number of internal appointments of elderly.
• Number of external appointments of elderly.
• Number of missed appointments.
• Number of steps taken used by caregivers for reminding
the elderly on their appointments.

Table 3: Measurement Criteria for Determining the Added Value (authors figure)
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To determine the most promising application, it is 
necessary to obtain the assessment of the care-
givers regarding the usefulness, acceptance, and 
preference of the individual application. Therefo-
re, a survey will be conducted in the retirement 
and nursing home to find out whether the caregi-
vers could imagine using Lio and what added value 
they would hope to gain from its use. The survey 
will be conducted twice, once before and once af-
ter the Field Tests. 

With regard to the scalability of the new business 

model, the first step is to set up a Discord server 
as a communication and documentation tool. On 
one hand, this provides the sales staff a source of 
sales and training documents, and on the other 
hand, customers can access operating instructi-
ons, explainer videos and Q&A directly via Discord. 
Discord also offers the possibility of synchronous 
and asynchronous communication (chat, video 
call) between the customers and the second level 
support of the robot supplier. This measurement 
increases the efficiency of sales and provides a 
pragmatic, virtual customer interface. 

In a second step, the robot supplier will coopera-
te with partner companies worldwide, which will 
take over sales, implementation, maintenance, 
and updates for their customers in their local mar-
kets. This means that at least the service business 
can be scaled. 

The last step is to implement a marketplace whe-
re developers can offer their Lio applications for 
download. Here, the application developers can 
decide at which price they want to offer their new 
features to customers. The operator of the mar-
ketplace (robot supplier) will charge a transaction 
fee and earn money on every app sold. Compari-
sons with software marketplaces show that this 
additional revenue has a significant impact on the 
company‘s valuation (see apple store, google play, 
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salesforce AppExchange, Atlassian marketplace). 

Law Perspective (FIR-HSG) 
Introduction 

This project offers a great opportunity for interdi-
sciplinary research. The involvement of legal ex-
perts from the very beginning of the project allows 
for the identification of legal constraints at an early 
stage and for an agile adaption. Accordingly, time-
consuming and cost-intensive R&D, with respect to 
applications and modifications that are not legal-
ly feasible, can be prevented. The product can be 
continuously adapted to achieve compliance with 
the present and future (inter-)national legal stan-
dards. The inclusion of legal considerations early in 
the production phase allows legal experts to act as 
enablers, rather than as bottlenecks. 

The legal analysis in this project is based on Swiss 
law, but considers developments within the legal 
framework of the European Union (EU). It focuses 
on two main legal areas, namely data protection 
and liability law. 

Data Protection Law Considerations 

The use of service robotics raises intriguing ques-
tions from the perspective of data protection law. 
Legal assessment of data protection and privacy 
compliance under Swiss law first and foremost re-
quires a thorough understanding of the technical 
setup of the service robot system and all its data 
flows. The project’s research has shown that rat-
her than the specific applications as such, certain 
technical features of the service robot system may 
cause privacy concerns. These features are: perso-
nalization, image recognition and speech recogni-
tion as well as data logging. Application of the EU 
General Data Protection Regulation (GDPR), which 
in some instances will apply on Swiss territory as 
well, by and large leads to the same results. 
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Several applications could be improved by per-
sonalization and thus by intensifying the use of 
personal data. Lio could, in theory, be trained to 
cater to the individual needs of the elderly, such 
as their taste in entertainment. However, a more 
intensive use of personal data for personalization 
may interfere with data processing principles, par-
ticularly the principle of purpose limitation (i.e., 
to specify the purposes for data processing and to 
adhere to them; Art. 4 para 3 of the current Swiss 
Federal Act on Data Protection (FADP) and Art. 6 
para 3 of the newly revised and soon to be enac-
ted FADP (rFADP)). For any personalized app run 
by the robot, elderly must be informed clearly for 
which precisely described purpose their data will 
be used. In addition, explicit consent should be 
obtained from the elderly or their representatives. 

A second feature that could raise privacy concerns 

is image recognition, particularly face recogni-
tion. When new elderly enter the retirement and 
nursing home, their faces are scanned to provide 
certain services such as escorting elderly to their 
respective rooms. Face recognition is potentially 
problematic because it uses biometric data which 
is considered particularly sensitive. Such data, may 
inter alia, generally not be disclosed to third par-
ties (Art. 12 para 2 lit. c FADP; Art. 30 para 2 lit. c 
rFADP). Data transfers to third-party services, such 
as cloud providers that run face recognition soft-
ware off-site, are therefore not allowed unless all 
elderly have given very specific and express con-
sent (Art. 4 para 5 FADP; Art. 6 para 7 lit. a rFADP). 
Regarding the feature of speech recognition and 
unlike face recognition, Lio does not detect the el-
derly’s voice pattern in order to identify them. In-
stead, the robot just listens to the elderly’s inputs 
in order to execute certain actions. Nevertheless, 
voice recordings also qualify as biometric data. 
Therefore, the same precautions must be taken as 
with face recognition. Moreover, speech recogni-
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tion requires the robot to listen even in a passive 
state to be able to respond. Data recorded during 
the passive state may easily interfere with the data 
processing principle of proportionality (Art. 4 para 
2; Art. 6 para 2 rFADP), which requires both data 
minimization (to only store as much data as neces-
sary) and storage limitation (to only store data for 
as long as necessary; Art. 6 para 4 rFADP). Accor-
dingly, technical measures must be implemented 
to ensure that data is automatically erased after a 
certain time. The implementation of such techni-
cal measures also aligns with the requirement of 
privacy by design (Art. 7 paras 1 and 2 rFADP). 

Data logging, i.e., constantly recording all of Lio‘s 
activities may also be problematic from a data pro-
tection law point of view. On the one hand, the 
collection of activity and health data is, again, sub-
ject to stricter rules as health data is considered 
particularly sensitive. On the other hand, compre-
hensive logging generally violates the data proces-
sing principles of proportionality (cf. supra and Art. 
4 para 2; Art. 6 para 2 and 4 rFADP) and purpose 
limitation (cf. supra and Art. 4 para 3; Art. 6 para 3 
rFADP). 

Unlike drink distribution, entertainment/sport or 
companionship, the agenda application raises dis-
tinct privacy concerns that go beyond the issues 
taken with robot’s general features as discussed 
above. Should Lio be used to inform elderly about 
their daily schedules or routines, and thereby use 
sensitive information, e.g., regarding medication 
or hygiene? It seems clear that this should not oc-
cur in an unspecific manner, so that sensitive per-
sonal data is disclosed to uninvolved third parties, 
as disclosure of sensitive data to third parties is 
generally prohibited without specific and express 
consent (Art. 12 para 2 lit. c and Art. 4 para 5 FADP; 
Art. 30 para 2 lit. c rFADP and Art. 6 para 7 lit. a 
rFADP). As an alternative to setting up a rigid legal 
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consent regime, the project team also considers 
technical solutions to ensure that the information 
is provided in a more private manner and cannot 
be accessed by any third party. 

Valid consent for data protection purposes beco-
mes doubtful if the elderly verge on incapacitation 
or have already lost their power of judgement. 
Considering the uncertainties that go along with 
this issue, it is often more promising to rely on 
technical solutions rather than being dependent 
on express and specific consent. 

Liability Law Considerations 

From a liability law point of view, there are cer-
tain general concerns to be considered. Firstly, Lio 
has an emergency button to immediately halt all 
mechatronic processes. In contrast, software pro-
cesses can be suspended by means of voice cont-
rol. The emergency button is installed on the rear 
side, thus rendering it difficult to access while in-
teracting with it. Furthermore, the location of the 
button increases the elderly’s risk of falling due to 
loss of balance. Secondly, although the robot can 
be moved manually, this requires a certain physical 
strength and mobility, which several elderly in the 
retirement and nursing home may lack. Therefore, 
the robot could constitute a physical obstacle and 
pose a safety risk, especially by blocking escape 
routes (e.g., doors and corridors) in emergency si-
tuations. This risk is enhanced by the fact that Lio’s 
sensors can only detect objects, which are on the 
ground. Although the responsible caregivers can 
send the robot back to its charge base via a nur-
sing app interface, which is installed on the control 
tablet, the robot may pose an obstacle in the fol-
lowing situations: (i) it cannot simultaneously exe-
cute a task and “listen” to commands from the ca-
regivers, (ii) it may stop (on its way to the charging 
base) due to lack of battery. In case of property 
and/or personal damages, the robot manufacturer 

may be held liable on the grounds of contractual 
liability (depending on the contractual agreements 
with the retirement and nursing home) and extra-
contractual liability (Art. 41 of the Swiss Code of 
Obligations (CO) in combination with art. 55 of the 
Swiss Civil Code (CC), or art. 55 CO respectively), 
including liability according to the Product Liability 
Act. The retirement and nursing home may also be 
held liable on the grounds of contractual liability 
(depending on the contractual agreements with 
caregivers and elderly) and extracontractual liabi-
lity (Art. 41 CO in combination with art. 55 of the 
Swiss Civil Code (CC), or art. 55 CO respectively). 

Lastly, there is a certain risk of Lio itself being da-
maged, either by caregivers, elderly or visitors. 
This can happen negligently (e.g., by spilling a wa-
ter bottle) or intentionally (e.g., by pushing away 
or damaging the robot arm out of frustration). 
While retirement and nursing home as well as the 
caregivers and elderly may be held liable on the 
grounds of contractual liability (for the retirement 
and nursing home, depending on the contractual 
agreements with the robot manufacturer, provi-
ded that Lio remains property of the manufactu-
rer; for the caregivers and elderly each depending 
on the contractual agreement with the retirement 
and nursing home) and extracontractual liability 
(for the retirement and nursing home, according 
to art. 41 CO in combination with art. 55 CC, or art. 
55 CO respectively; for the caregivers and elderly 
according to art. 41 CO), only extracontractual lia-
bility (Art. 41 CO) applies to potential visitors. 

From the four applications set out above, the drink 
distribution and the sport activities carried out by 
Lio raise certain issues from a liability law perspec-
tive. During drink distribution, the drinks are offe-
red to the elderly in closed containers. Neverthe-
less, it cannot be ruled out, that these containers 
may open during the process of handing it out the 
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beverage, potentially causing property damages 
(to the property of the elderly, retirement and nur-
sing home and to the robot itself) as well as per-
sonal damages, especially burn injuries, in case of 
hot beverages. Furthermore, receiving the drink, 
which may require both hands depending on the 
physical state of the elderly, may present a risk of 
injury as a result of loss of balance. With respect 
to the sport activities carried out by Lio, the fitness 
exercises are generally composed of rather simple 
movement sequences, which per se do not pose 
a high risk of injury. Nevertheless, in case of an in-
jury, the robot is not able to react accordingly or 
seek (medical) assistance. Furthermore, a slight-
ly higher risk of injury can be detected when the 
exercising takes place with more than one elderly 
in the common room (danger of collision). 

When observing current legislative developments, 
there are a variety of issues to be addressed re-
garding the introduction of Lio at the retirement 
and nursing home. Currently, the European Union 
is discussing a legislative proposal in the area of 
robotics, especially with respect to a civil liability 
regime for artificial intelligence (European Parlia-
ment resolution of 20 October 2020 with recom-
mendations to the Commission on a civil liability 
regime for artificial intelligence (2020/2014(INL))). 
Thereby, the introduction of an “operator” liability 
constitutes a focal point, which may, in the medi-
um term and subject to the Swiss legislative pro-
cedures, affect the retirement and nursing home. 
Furthermore, on April 21st 2021, the European 
Commission released the first proposal for an Arti-
ficial Intelligence Act (European Commission, Pro-
posal for a Regulation of the European Parliament 
and of the Council laying down harmonized Ru-
les on Artificial Intelligence (Artificial Intelligence 
Act) and amending certain Union Legislative Acts, 
COM(2021) 206 final). Its impacts on the Swiss le-
gislation as well as on the project at hand are yet 
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to be evaluated. In addition, Swiss doctrine and 
jurisprudence are still divided with respect to the 
question, if software qualifies as product within 
the meaning of the Product Liability Act. Against 
the background of this Act there are also ongoing 
discussions, whether services should be included 
into its scope. Depending on the outcome of these 
discussions, the producer liability – and thus, the 
liability of the robot manufacturer – may be exten-
ded. Lastly, especially the German and Swiss doc-
trine are currently discussing the analogous appli-
cation of the principle of vicarious liability, that is, 
the liability of the principal for his/her associate; 
(§278 BGB, Art. 101 CO) to autonomous systems, 
which may affect the liability of the respective reti-
rement and nursing home as the “principal” of the 
robot. All in all, the legal developments in this field 
remain dynamic and must be observed closely. 

Conclusion and Outlook 
The contributions from the four different perspec-
tives, i.e., human, technology, business, and law 
have shown that service robotics offers great po-
tential for retirement and nursing homes. At the 
same time, the use of robots in elderly care poses 
a variety of challenges. These have yet to be over-
come to ensure a safe implementation that adds 
value for both caregivers and the elderly and effi-
ciently supports the operations at the retirement 
and nursing home. These challenges are of varying 
nature, e.g., technical, legal, ethical, and operatio-
nal. The human-centered and iterative approach 
of the present project allows an early identifica-
tion of the potential challenges. These challenges 
can subsequently be addressed, prior to the im-
plementation in the retirement and nursing home. 
Another advantage of the chosen approach is the 
fact that the prototype can be ideally aligned with 
the needs of the end-users along the production 
process. Many of the challenges could not yet be 
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fully met and are aimed to be addressed, or at 
least identified, by the time of the conduction of 
the Field Test in late summer. Additional challen-
ges, such as the following, may still emerge during 
this next project phase and will need to be addres-
sed prior to the final implementation of Lio in the 
retirement and nursing home: 

Processes/Integration: One of the biggest challen-
ges is the integration of the robot into the daily 
routines and operational processes within the re-
tirement and nursing home. As mentioned above, 
the activities of Lio can be scheduled by means 
of the agenda function. These activities are then 
executed autonomously at the predefined point in 
time. However, the caregivers can also assign ac-
tivities to Lio on demand. Against this backdrop, 
it is important to analyze, which activities can be 
scheduled, and which activities must be assigned 
short-term. 

Accountability/Operation: Another important 
challenge that still needs to be overcome is the 
decision as to who will oversee controlling and ac-
tivating the actions of the robot at the retirement 
and nursing home. In addition, the caregivers and 
certain other employees still need to be trained in 
handling the robot within its application. It is im-
portant, not only from a business but also from a 
legal point of view, that they understand how to 
operate and calibrate Lio and how to intervene in 
case of minor incidents. Furthermore, they need 
to know how to react and whom to contact in case 
of a more serious incident. 

One of the next steps to be taken in the course of 
the present project is the preparation for the Field 
Test by addressing as many of the unresolved chal-
lenges as possible. Furthermore, the aim is to eva-
luate the added value per field of application, and, 
in order to gain further insights in this context, to 
conduct surveys not only among the caregivers in 
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the retirement and nursing home, but also in other 
homes across Switzerland, Germany and Austria. 
Subsequently, the project team will create the re-
spective business model based on the evaluated 
added value for the main robot Lio including corre-
sponding pricing strategies and different financial 
models. 
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4.2 Data Protection and EU-Regulation for Artificial Intelligence 
Andrea Ruppert, Domenik H. Wendt 

Abstract 
The advancing use of modern technology in nursing care, especially the development of technical assistance 

systems through robotics, digitization and Artificial Intelligence (AI), can open up new opportunities for those 

affected. At the same time, however, the use of these technologies also carries risks for this group of people, 
especially for their fundamental right to informational self-determination, due to the extensive processing of 
personal data. This article describes the risks for data subjects and explains the current legal framework regar-
ding the protection of personal data in the European Union. The authors conclude, that applying data protec-
tion and data security to technical assistance systems, robots and AI from the beginning not only leads to legally 

compliant practices but also strengthens the trust of users and society as a whole in the use of these systems. 

The use of AI-based systems raises further (legal) questions that go beyond data protection and data security. 
The authors first address the various definitions of the term „Artificial Intelligence“ in the academic literature. 
They then describe the European Union‘s various regulatory approaches to the use of AI starting with the Euro-
pean Commission‘s “Strategy for Artificial Intelligence” published in 2018, followed by the “AI White Paper” pu-
blished in 2020 and ending with the European Commission‘s proposal for a Regulation laying down harmonised 

Rules on Artificial Intelligence - Artificial Intelligence Act (AIA) published in April 2021. Here, in particular, aspects 

of „scope“, „transparency“ and „impact on the healthcare sector“ will be examined in more detail and the still 
necessary need for legal policy discussion will be highlighted. 

Keywords: Artificial Intelligence (AI), data protection, data security, right to informational self-determina-
tion, EU Strategy for Artificial Intelligence, EU AI White Paper, EU Artificial Intelligence Act (AIA), scope, 
transparency, impact on the healthcare sector 

Data Protection Requirements in the 
Use of Assistive Systems Involving 
Artificial Intelligence 
Introduction 

Constantly increasing life expectancy, demogra-
phic change and changing living conditions towards 

more single households confront modern societies 

with considerable challenges in the area of nursing 

care. People want to live self-determined in their 
own homes and participate in social life, even in 

old age or with physical limitations. The advancing 

use of modern technology in nursing care can open 

up new opportunities here. It provides a significant 
contribution to improving nursing care by relieving 

or supporting care workers and relatives and can 

thus improve the quality of life of all involved (Be-
melmans et al., 2012, 114-120). The development 
of technical assistance systems using robotics, di-
gitalisation and artificial intelligence opens up new 

potential here. Their use implies the extensive pro-
cessing of personal data, especially those that requi-
re a very high level of protection. Sensors (camera 

sensors, environment-based sensors and wearable 

sensors including biosensors) are used to collect and 

process highly sensitive personal data that require 

special protection. 
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Application and Risks of Algorithms (Machine 
Learning/ AI) in Assistance Systems 

Recent developments of assistive systems and 
support robots increasingly focus on adaptive al-
gorithms that collect information, evaluate it and 
draw their own conclusions. The advantage is that 
these systems can be set up very individually to 
the needs of the user, the disadvantage is that at 
present it is probably not even clear to the pro-
grammers where this will lead (Hoeren & Niehoff, 
2018, 50, 58). 

By using algorithms (machine learning/AI), the be-
haviour of users can be predicted. Activity recogni-
tion is the core building block in many high-impact 
applications, ranging from health monitoring to 
assistive technology and elder-care. The chance to 
recognise and prevent dangerous activities at an 
early stage (Kozina et al., 2013, 13-23) is accompa-
nied by the disadvantage that the user is constant-
ly monitored and becomes predictable. 

In addition, activity recognition carries the risk 
that not only the user‘s data is processed, but also 
data of other people who support the user, such 
as caregivers, doctors, etc., or people from the pri-
vate environment, such as friends, relatives, neig-
hbours, etc., which also makes these people data 
subjects in the sense of data protection. 

The use of artificial intelligence (AI) in technical as-
sistance systems also bears risks for the data sub-
jects, as it requires the provision of large amounts 
of data (big data) (Hoeren & Niehoff, 2018, p. 47). 

In order to protect the fundamental right to infor-
mational self-determination of those affected, de-
velopers and manufacturers, but also users, must 
observe the requirements of data protection and 
data security (e.g. transparency, data economy, 
„real“ freedom of choice). This data can be combi-
ned with personal information from other sources 
- including healthcare providers and pharmaceu-

Interdisciplinary-Student-Projects | Authors 

tical companies. The use of algorithmic classifica-
tion systems enables profiling and discrimination 
based on ethnicity, age, gender, medical condition 
and other information, which can lead to potential 
harms such as discriminatory profiling, manipula-
tive marketing, and security breaches. This affects 
not only individuals, but also groups and the socie-
ty as a whole. 

Wearable devices also play an important role in 
assistance systems. These small computers, which 
are worn on or in the body, are directly or indirect-
ly connected to the internet, usually via a smart-
phone. If we look at the area of health apps, the 
following topics play a role: optimised diagnostics, 
monitoring of treatment processes, home emer-
gency calls. The data collected by wearable devi-
ces are often sensitive, as they allow conclusions 
to be drawn about the state of health, movement 
patterns, etc. 

Especially in the case of wearable devices, the 
transfer of sensitive personal data to third count-
ries with inadequate data protection levels cannot 
be avoided, as cloud computing is usually used. 

Acceptance and Data Protection 

The acceptance of assisting systems and robotics 
in private, assistive and care contexts depends to a 
large extent on users‘ trust in the assisting techno-
logy and the protection of their fundamental rights 
and freedoms. 

The data flows resulting from the use of assistance 
systems and robotics must be protected in terms 
of data protection and data security, since assistive 
technologies affect the (constitutionally) protected 
rights of those involved and enable an unhindered 
flow of data, e.g. the creation of personality profi-
les and all-round surveillance. Therefore, it must 
be clarified which requirements the affected users 
have for the protection of their private and intima-
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te sphere when it comes to enabling or prolonging 
a safe and as independent as possible life in their 
private environment and how these individual re-
quirements can be ensured. 

Insufficient data protection and data security can 
increase the possibilities for data breaches and 
misuse. Any processing of personal data initial-
ly represents an encroachment on the rights and 
freedoms of the data subjects and must therefore 
be justified. When developing technical assistan-
ce systems using robotics, digitisation and artificial 
intelligence, a number of legal and ethical aspects 
(personal rights, data protection and data security) 
must therefore be taken into account, with oppor-
tunities and risks always being weighed up on a ca-
se-by-case basis. 

The precondition for justifying the processing of 
sensitive personal data is compliance with the re-
quirements of the General Data Protection Regula-
tion (GDPR), the ePrivacy Directive and the Mem-
ber State regulations based on them, in Germany 
the “Bundesdatenschutzgesetz" and the sector-
specific law. All processing activities must comply 
with the requirements of the GDPR, as required in 
a concentrated form by Art. 5 of the GDPR with 
the principles. In addition, there are in particular 
the requirements from Art. 25 of the GDPR on data 
protection through technical design and from Art. 
32 of the GDPR regarding the security and resi-
lience (see Gonscherowski, S. et al., 2018, 442) of 
the processing. Furthermore, a procedure for the 
regular review of processing activities must be im-
plemented in accordance with Art. 32 (1) (d) of the 
GDPR. In concrete terms, this means that data pro-
tection and IT security management must be im-
plemented, with which the controller implements 
and enforces protection and control measures. 

According to Art. 6 para. 1 GDPR the principle of 
lawfulness requires the existence of legal grounds 

for the processing. In the case of sensitive perso-
nal data (special categories), processing is gene-
rally prohibited under Art. 9 para. 1 GDPR, which 
includes in particular the health data of persons in 
need of assistance, unless one of the justification 
grounds listed in Art. 9(2) GDPR applies. A legal ba-
sis must be determined for each processing purpo-
se. The legal basis for the described processing ac-
tivities in the private, domestic sphere is primarily 
consent according to Art. 6 para. 1 sentence 1 lit. 
A, Art. 9 para.2 lit. a GDPR. 

However, according to Art. 7 GDPR, a legally valid 
consent to the processing of personal data must 
be given voluntarily and be based on sufficient in-
formation provided by the data subject. Both re-
quirements pose major hurdles to lawfulness. On 
the one hand, the functioning of robots and tech-
nical assistance systems, especially if they are ba-
sed on the use of artificial intelligence, are usually 
very complex and can usually not be explained to 
laypersons in the necessary appropriate depth in 
an understandable way. On the other hand, vo-
luntariness is only given if the persons concerned 
actually have a real choice. However, it is more 
than questionable whether this voluntariness is 
still given if consent is a precondition for the use 
of assistance systems, which is essential for a self-
determined, autonomous life and participation in 
social life, and otherwise no (feasible) alternati-
ves are available, so that one can speak of a „de 
facto compulsion“ to use. Also, „social pressure“ 
from supporters from both the caregiving and fa-
mily sectors, who are relieved by the use of the 
assistance systems, can question voluntariness. 
The self-determination desired by the legislator 
through the importance of consent thus becomes 
self-disenfranchisement (Woopen, C., 2015, 4). 

It is therefore necessary to apply data protection 
and data security to assistive systems and robots 
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in the field of health and care from the very begin-
ning, as this will strengthen the trust of the users 
and the consent necessary for the processing of 
the required personal data can be given without 
reservations. 

From the perspective of data protection, the main 
risks for the personal data of the data subjects in 
the processing of data arise from the operators of 
the data processing systems. Therefore, the techni-
cal and organisational measures implemented the-
re must be suitable to assure the protection of the 
data with regard to unauthorised processing not 
covered by the purpose of the processing. These 
measures must be carefully and comprehensibly 
documented in a verifiable manner (Hoeren & Nie-
hoff, 2018, 60) so that the necessary transparency 
is provided and those affected by the data proces-
sing can also develop the necessary understanding 
and trust. 

Harmonised EU-Regulation for Artificial 
Intelligence Ante Portas – Possible Im-
pacts on the Healthcare sector 
Introduction 

The use of Artificial Intelligence (AI) is becoming 
real. The European Commission expects AI to im-
prove healthcare, increase the efficiency of far-
ming, contribute to climate change mitigation and 
enhance security in the European Union (EU) (Eu-
ropean Commission, White Paper, 2020, 1). The EU 
has increased investments for AI-related research 
and innovation to € 1.5 billion, with the aim of at-
tracting more than € 20 billion of total investments 
in AI per year over the next decade (European 
Commission, Communication, 2018, 5 f.). 

Despite all the appropriate optimism, the use of 
AI-based systems also raises different (legal) ques-
tions (see Graf von Westphalen, BB, 2020, 1859 
- impact on contract law; Graf von Westphalen, 
VuR, 2020, 248 - impact on product liability law 
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valuations; Günther, InTeR, 2020, 142 - impact on 
the environment; Härtel, NuR, 2020, 439 - impact 
on sustainable agriculture; Melzer, InTeR, 2020, 
145 - implications for international law; Roden-
beck, StV, 2020, 479 - implications for criminal 
procedure; Steege, NZV, 2021, 6 - implications for 
liability in transport and mobility; Wendt/Jung, 
ZIP, 2020, 2201, 2208 - implications for the appli-
cation of contract generators; see also Möslein, 
RDI, 2020, 34 - guidelines for AI): What is AI and 
how can it be legally subsumed? Which fields are 
already existing for its application, and which will 
be added? To what extent do existing regulation 
take these developments into account? Do existing 
regulations need to be amended or do completely 
novel evaluations need to be found? What is the 
relationship between AI and, for instance, respon-
sibility and liability? What about the protection of 
the users? Is there a need for European legislation 
or are national legal developments sufficient and 
efficient (see Ebers, § 3 Regulation of AI and Robo-
tics in: Ebers/Heinze/Krügel/Steinrötter, Künstliche 
Intelligenz und Robotik, 2020, § 3 paras 35 ff. and 
147 ff)? 

In the White Paper „On Artificial Intelligence - A 
European approach to excellence and trust“ (AI 
White Paper), published on 19 February 2020, the 
European Commission announced a regulatory 
framework for AI (European Commission, White 
Paper, 2020, 13 ff., 16 ff). Thereby, a risk-based re-
gulatory approach is proposed (European Commis-
sion, White Paper, 2020, 17). This approach, which 
is correct in essence, is not without potential for 
debate. Then, on 21 April 2021, the European 
Commission published the Proposal for a Regu-
lation Laying down harmonised rules on artificial 
intelligence (so called Artificial Intelligence Act). 
Both drafts give good reasons to get an overview 
of key regulations and identify any impact on the 
healthcare sector. 
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Definition for Artificial Intelligence 

There are various definitions of the term „AI“ in 
the academic literature (overview in Kaulartz/ 
Braegelmann, Chapter 1 Introduction in: Kaulartz/ 
Braegelmann, Legal Handbook Artificial Intelli-
gence and Machine Learning, 2020, 1, para. 2 ff.; 
Bues, Artificial Intelligence im Recht in: Hartung/ 
Bues/Halbleib, Legal Tech - Die Digitalisierung des 
Rechtsmarkts, 2018, para. 1162; furthermore von 
Bünau, Künstliche Intelligenz im Recht in Breiden-
bach/Glatz, Rechtshandbuch Legal Tech, 2018, 
para. 5; critically Hacker, NJW, 2020, 2142, 2142 
f., who would like to speak of machine learning 
techniques). On the one hand, they encounter the 
question of the meaning of „intelligence“ (Arm-
our/Eidenmüller, ZHR (183), 2019, 169, 172; Gug-
genberger, NVwZ, 2019, 844, 845; Herberger, NJW, 
2018, 2825, 2826 f). On the other hand, they are 
subject to the dynamics of technological progress. 
Any attempt to define AI is therefore required to 
describe the boundaries of „not yet“ AI and „no 
more“ AI in a carefully and well considered way. 

The fact that it is not a simple matter is shown, 
for example, by the development of the definition 
used by the European Commission. According to 
the European Commission, AI initially referred to 

„systems that display intelligent behavior by 
analysing their environment and taking actions 
– with some degree of autonomy – to achieve 
specific goals“ (European Commission, Com-
munication, 2018, 1). 

According to this broad understanding, AI-based 

systems 
„can be purely software-based, acting in the 
virtual world (e.g. voice assistants, image ana-
lysis software, search engines, speech and face 
recognition systems) or AI can be embedded in 
hardware devices (e.g. advanced robots, auto-
nomous cars, drones or Internet of Things ap-
plications)“ (European Commission, Communi-

cation, 2018, 1). 

The High-Level Expert Group on Artificial Intelli-
gence (AI HLEG), set up by the European Commis-
sion, developed this definition further and upda-
ted it. Accordingly, AI systems are 

„software (and possibly also hardware) sys-
tems designed by humans that, given a com-
plex goal, act in the physical or digital dimen-
sion by perceiving their environment through 
data acquisition, interpreting the collected 
structured or unstructured data, reasoning on 
the knowledge, or processing the information, 
derived from this data and deciding the best 
action(s) to take to achieve the given goal. AI 
systems can either use symbolic rules or learn 
a numeric model, and they can also adapt their 
behaviour by analysing how the environment 
is affected by their previous actions“ (AI HLEG, 
Definition of Artificial Intelligence, 2018, p. 6) 

This rather technical and no doubt detailed defi-
nition may seem bulky. However, it has the advan-
tage that is does not contain vague legal terms, 
such as „intelligent behaviour“, „some degree of 
autonomy“ or „specific goals“. Furthermore, it 
enables objective links (Wendt/Jung LR, 2021, 34, 
37). Admittedly, the term „best action(s) to take“ 
gives interesting room for interpretation. 

In the Proposal for a Regulation laying down har-
monised Rules on Artificial Intelligence - Artificial 
Intelligence Act (AIA) one can find the following 
definition: 

“artificial intelligence system’ (AI system) me-
ans software that is developed with one or 
more of the techniques and approaches listed 
in Annex I and can, for a given set of human-
defined objectives, generate outputs such as 
content, predictions, recommendations, or 
decisions influencing the environments they 
interact with.” 
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The different definitions show how challenging it is 
to design a precise legal definition for AI. Linking a 
definition to an annex risks shifting the challenge 
rather than solving it. 

Nevertheless, it is helpful to distinguish between 

weak and strong AI. Weak AI refers to systems that 
are intended to support humans in achieving their 
goals as intelligently as possible regarding concre-
te issues (Kaulartz/Braegelmann, Kapitel 1 Einfüh-
rung in: Kaulartz/Braegelmann, Rechtshandbuch 
Artificial Intelligence und Machine Learning, 2020, 
4). Strong AI, on the other hand, is supposed to 
acquire or surpass the intellectual skills of humans 
and thus be able to replace human action (Niede-
rée/Neidl, Teil I., § 2 Technische Grundlagen der 
KI in: Ebers/Heinze/Krügel/Stienrötter, Künstliche 
Intelligenz und Robotik, 2020, para 2, Rz. 1) Rz. 2; 
Pils/Rektorschek, Teil 3., § 24 Industrie in: Ebers/ 
Heinze/Krügel/Stienrötter, Künstliche Intelligenz 
und Robotik, 2020, Rz. 2, m.w.N.). Taking such a 
differentiating view as a basis, the use of weak AI 
should, at least in the medium term, primarily be 
included in the debates on „best action(s) to take“. 

AI Strategy and AI White Paper of the European 
Commission 

AI Strategy 

The starting point for the current European re-
gulatory proposals is the European Commission’s 
strategy for AI (AI Strategy), published in April 
2018 (European Commission, Communication, 
COM(2018) 237 final, 3). Following on from this, 
it presented a coordinated European plan on AI in 
December 2018, which will run until 2027 (Euro-
pean Commission, Communication, COM(2018) 
795 final). Here, the European Commission stated 
that a sufficiently flexible regulatory framework for 
AI was needed both to promote innovation and to 
ensure high levels of protection and safety (Euro-
pean Commission, Communication, COM(2018) 

795 final, 7 f. or section 2.6 „Developing ethics gui-
delines with a global perspective and ensuring an 
innovation friendly legal framework"). It also an-
nounced AI ethics guidelines. These were initially 
published as a draft by the AI HLEG on 18 Decem-
ber 2018 (see AI HLEG, Draft Ethics Guideline 2018; 
cf. on this Dettling/Krüger, MMR, 2019, 211) and 
revised after an open consultation in April 2019 
(AI HLEG, Ethics Guidelines, 2019; see Groß, CB, 
2020, 155). In addition, the new European Com-
mission President von der Leyen announced in her 
political guidelines that she would put forward le-
gislation for a coordinated European approach on 
the human and ethical implications of AI within 
her first 100 days in office (von der Leyen, Agenda, 
2019, 13). 

AI White Paper 

In the AI White Paper published on 19 February 
2020, the European Commission states that, in ad-
dition to non-binding guidelines of the AI HLEG, a 
clear regulatory framework for Europe could build 
consumer and business confidence in AI and the-
reby accelerate its uptake (European Commission, 
White Paper, 2020, 13 ff.). In this sense, the exis-
ting EU legislation applicable to AI-based systems 
should be reviewed for necessary adjustments, 
such as the EU product safety legislation. In additi-
on, the European Commission believes that a new 
EU regulatory framework would be needed. A key 
issue hereby would be the definition of the scope 
of application by means of a precise and flexible 
definition of AI. 

In order to establish an „effective“ and „excessive-
ly prescriptive“ new EU regulatory framework, the 
AI White Paper envisages a risk-based regulatory 
approach. This is also intended to protect small 
and medium-sized enterprises (SMEs) from dispro-
portionate burdens (European Commission, White 
Paper, 2020, 17). 
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This risk-based regulatory approach provides for a 
categorisation of AI applications. This categorisa-
tion shall measure whether the use of an AI appli-
cation offers a high-risk potential or not. The rele-
vant criteria should be whether the sector and the 
intended use bear significant risks (in particular 
from the point of view of safety, consumer rights 
and fundamental rights). 

Specifically, an AI application should fall under the 

„high-risk“ category if it meets both of the follo-
wing criteria: 
• Sector: The AI application is used in a sector in 

which significant risks are to be expected due 
to the nature of the typical activities, i.e. the 
occurrence of risks is generally most likely. 

• Use: The AI application is used in the sector in 
such a many that significant risks are likely to 
be expected. 

According to the European Commission, high-risk 

sectors are, e.g. healthcare. Of course, not every 
AI application in this sector is necessarily associa-
ted with significant risks. For example, a flaw in an 
appointment system used in the healthcare sector 
is not necessarily significantly risky. Therefore, it 
must also be considered whether risks are asso-
ciated with the specific use of the AI application. 
In order to assess the level of risk, the European 
Commission proposes to consider the impacts on 
the parties affected. Moreover, it does not exclude 
that there could also be AI applications that are to 
be classified as high-risky as such, regardless of the 
sector concerned. 

Furthermore, the European Commission proposes 
requirements for high-risk AI applications. They 
could consist of training data, data and record-kee-
ping, information to be provided, robustness and 
accuracy, and human supervision. In addition, spe-
cific requirements are intended for certain AI ap-
plications, such as remote biometric identification 

based on AI (European Commission, White Paper, 
2020, 17). 

To label AI applications not qualifying as high-risk, 
the European Commission further proposes a vo-
luntary labelling. Economic operators could use it 
to indicate that their AI-based products and ser-
vices meet harmonised EU-wide benchmarks that 
go beyond the basic legal obligations. This should 
increase trust and acceptance in AI systems (Euro-
pean Commission, White Paper, 2020, 24). 

Proposal for the European “Artificial Intel-
ligence Act” 
Overview 

On 22 April 2021 the European Commission pu-
blished the Proposal for a Regulation laying down 
harmonised Rules on Artificial Intelligence - Artifi-
cial Intelligence Act (AIA). This is the first complete 
legislative proposal to regulate AI within the EU. 
The importance should therefore not be underes-
timated. The proposal is already considered to be 
of global significance because it can be an import-
ant orientation for further proposals. 

The AIA provides harmonised rules for the develop-
ment, placing on the market and use of AI systems 
in the EU. The rules are proportionate to the risks. 
The AIA includes a risk methodology to classify 
high-risk AI systems. These are systems that pose 
significant risks to the health and safety or funda-
mental rights of individuals. For these AI systems, 
the AIA regulates horizontal requirements and a 
conformity assessment procedure. 

Scope and Definitions 

Art. 1 AIA contains the subject matter of the pro-
poses regulation and fixes the scope. In Art. 2 
AIA one can find the definitions that will be used 
throughout the regulation, for example the defini-
tion for AI systems. Aim of this definition is to be 
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as technology-neutral and future-proof as possib-
le. The rules in Artt. 1- 3 AIA are linked to an An-
nex I (Art. 4 AIA). This Annex I details concepts and 
techniques for AI development. It can be adapted 
by the European Commission as new technological 
developments arise. As noted above, linking scope 
provisions or essential definitions with an annex 
risks shifting the challenge rather than solving it. 

Art. 5 AIA contains a list of prohibited AI practi-
ces. This is part of the risk-based approach. This 
approach distinguishes between applications of AI 
that pose unacceptable risks, high risks and low or 
minimal risk. The list of prohibited practices inclu-
des all AI systems that are deemed unacceptable 
because they violate EU values, such as fundamen-
tal rights. 

Artt. 6 - 51 AIA contains specific provisions for AI 
systems that pose a high risk to the health and 
safety or fundamental rights of natural persons. 
Those high-risk AI systems are allowed on the EU 
market if they comply with certain mandatory re-
quirements. Classification as a high-risk AI system 
is based on the intended purpose of the AI system 
according to existing EU product safety regulati-
ons. As already contemplated in AI White paper, 
classification as a high-risk AI system depends not 
only on the function of this system, but also on its 
specific purpose and application modalities. 

Transparency 

The AIA proposal claims to meet the demands of 
the European Council to promote AI on condition 
that a high level of data protection, digital rights 
and ethical standards are guaranteed. Art. 5 AIA ex-
plicitly prohibits manipulative or exploitative prac-
tices with respect to children or disabled persons. 
With regard to other groups of persons, reference 
is made to the existing possibilities for protection 
such as data protection or consumer protection, 
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since these grant a right to appropriate informa-
tion on the basis of which the data subjects have 
the possibility to reject practices that enable mani-
pulation or profiling (Art. 13 AIA, Explanatory Me-
morandum, 5.2.2.). In this respect, the principle of 
transparency already implemented in the GDPR is 
continued. 

According to Art. 52 AIA, there shall be transparen-
cy obligations for systems that are used, for exam-
ple, to interact with people for the recognition of 
emotions or their classification into (social) groups 
on the basis of biometric data. The resulting in-
formation obligations are intended to enable data 
subjects to make informed decisions regarding 
their use. 

The resulting problems with regard to true volun-
tariness of consent will remain in this respect. It 
would be important that these regulations are not 
weakened in the further development process of 
the regulation, but strengthened overall. 

Impact on the Healthcare Sector 
In recital 28 of the AIA, the European Commission 
states that AI systems could have a negative im-
pact on the health and safety of individuals, espe-
cially when such systems are used as components 
of products . Explicitly addressed are increasingly 
autonomous robots, whether in manufacturing or 
personal assistance and care. They should be able 
to operate safely and perform their functions in 
complex environments. Similarly, diagnostic sys-
tems and human decision support systems should 
be reliable and accurate in the healthcare sector, 
where risks to life and limb are particularly high. 

Assistance systems that use AI carry significant risks 
for the rights of data subjects, for example due to 
non-transparent algorithms. The AIA seeks to re-
gulate these through appropriate legislative mea-
sures in such a way that the advantage generated 
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by the AI system can be used without entailing ex-
cessive risks for the data subjects. This also applies 
in particular to biometric identification systems or 
AI decision-making systems used in technical as-
sistance systems in the care or healthcare sector. 
The AIA aims to strike an appropriate balance here 
between the interests of users in the protection of 
their fundamental rights and the security of their 
data and the interests of industry in the develop-
ment and introduction of AI. 

Even though the legislative process of the AIA will 
certainly take several more years and the regula-
tions that will ultimately apply cannot yet be pre-
dicted with certainty, developers of technical as-
sistance systems with artificial intelligence should 
already take the requirements of the proposal into 
account now, as it will certainly lead to a ban on 
certain AI systems. 

Conclusion 
The use of AI-based systems raises a number of in-
teresting legal questions. The starting point is the 
question of a suitable definition of AI. The defini-
tion developed by the AI HLEG dispenses with un-
certain legal terms such as „intelligent behaviour“, 
„with some degree of autonomy“ and „specific 
goals“ and thus enables objective links. However, 
the term „best action(s) to take“ in particular of-
fers room for interpretation that cannot be easily 
filled. At least in the medium term, it seems worth 
considering taking greater account of the common 
differentiation between so-called strong and weak 
AI in legal issues as well. 

The AI Strategy, initiated by the European Commis-
sion, shows a thoroughly optimistic picture of the 
benefits of AI-based developments. The associa-
ted investments are considerable. 

The AI White Paper lays a solid foundation for le-
gislative initiatives. The intended risk-based regu-
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latory approach is basically convincing. The clas-
sification into criteria provided for this purpose 
should serve legal certainty. The proposed link to 
the sector on the one hand and the concrete use 
on the other hand leads to the expectation of an 
accurate classification for a large number of AI ap-
plications. 

The AIA shows good approaches for a necessary 
regulation of AI. The aspects of „scope“, „transpa-
rency“ and „impact on the healthcare sector“ con-
sidered here show that there is a need for a legal 
policy discussion. 
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Background           
In the near future, robots could make a contribution to supporting people 
with assistance needs in old age or disability (Klein et al., 2018). Studies show 
that the preferences of robot appearance vary a lot and acceptance depends 
on many factors, including users’ age (Prakash & Rogers, 2015; Tu et al., 2020) 
and gender (Otterbacher & Talias, 2017). In order to achieve a high level of 
acceptance for the appearance of a robot, a participatory design approach is 
chosen in the described project, which involves people of different age 
groups in the design process. 

Objective of the project "Embodiment for ROSWITHA", funded by the 
Commerzbank Foundation, is to develop an external appearance 
(embodiment) for the university's own robot system ROSWITHA (RObot 
System WITH Autonomy). ROSWITHA is a platform developed by students in a 
variety of Bachelor-, Master and PhD-projects to assist people with physical 
impairments. The aim of the design project is to involve potential user groups 
through a participatory approach so that the final embodiment arouses the 
interest and acceptance of subsequent users.  

Participatory Design with the help of Augmented Reality Technology 

Evaluation 1: Three design options developed on the basis of scientific 
research of robot embodiments were first realised as 3D models in 
Augmented Reality. Potential users of different ages evaluate these designs. 
At this point, the 3D models (M1, M2, M3 in figure 4) still vary greatly. 
Evaluation 2: Based on the first evaluation phase, the three 3D models in 
Augmented Reality will be adapted and evaluated again. The design options 
in this phase consist of the preferred model from the first evaluation phase 
and favoured parts of the others. 
Evaluation 3: The preferred design will then be realised with the help of 3D 
printing and attached to the ROSWITHA robot system. In a third evaluation 
phase, this prototype will be evaluated so that a product with high 
acceptance can finally be created.  

Methodology 

Perspectives  
A pilot test with students has shown that the implementation is feasible. In a 
next step, the feasibility is to be tested with older people. If the method 
proves to be well accepted, it can be considered as a good way to design and 
evaluate products with potential target groups without having to produce real 
existing prototypes in each case. On the one hand, this would be more 
ecologically sustainable, and on the other hand, the virtual prototype can be 
brought to immobile people more easily via Augmented Reality glasses, which 
expands the possibilities of participatory design. 

• Klein, B., Graf, B., Schlömer, I. F., Roßberg, H., Röhricht, K., Baumgarten, S. & Stiftung Münch 
(Ed.) (2018). Robotik in der Gesundheitswirtschaft. Einsatzfelder und Potenziale. Heidelberg: 
medhochzwei Verlag. 

• Otterbacher, J. & Talias, M. (2017). S/he's too Warm/Agentic! Proceeding of the 2017 
ACM/IEEE International Conference on Human-Robot Interaction, pp. 214–223.  

• Prakash, A. & Rogers, W. A. (2015). Why Some Humanoid Faces Are Perceived More Positively 
Than Others: Effects of Human-Likeness and Task. International journal of social robotics, 7, 
pp. 309–331.  

• Tu, Y., Chien, S. & Yeh, S. (2020). Age-Related Differences in the Uncanny Valley Effect. 
Gerontology. 2020, 66, pp. 382–392. 

Project Description 

Let‘s design ROSWITHA!  
Participatory Design of an Assistive Robot‘s 
Embodiment with Augmented Reality 

Literature 

Fig. 1: The robot 
ROSWITHA (Picture: J. 
Umansky, Frankfurt UAS) 

Fig. 2: An early prototype of a 
potential embodiment realised 
in Augmented Reality (AR) 
(Picture: J. Umansky, J. Sehrt) 

Fig. 3: The participants 
are wearing AR glasses 
to evaluate a 
prototype  
(Picture: K. Gerlinger /  
J. Sehrt, Frankfurt UAS) 

The robot ROSWITHA (Fig. 1), developed in student projects in the laboratory 
"Autonomous Systems and Intelligent Sensor Technology" (Prof. Dr. Nauth) at 
Frankfurt UAS is “equipped” with a virtual embodiment (Fig. 2). Different 
design options and development states are then evaluated by different 
potential user groups in an Augmented Reality environment (Fig. 3). 

Fig. 4: Methodology of the design process    
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Participatory research
for a barrier free municipality 

Aim and Background
The aim of the first part of this project is to identify the needs of the people of
the 5000-inhabitant municipality Limeshain in Hesse (dt. Gemeinde) to
improve the barrier-free environment (Kreis-Anzeiger 2021). The project
barrier free Limeshain was carried out in close cooperation with the municipal
administration and under supervision of professors of the master’s course
Inclusive design. The executors of this project was an interdisciplinary group
named team LIMES consisting of five students from architecture, computer
science and health sciences in the master’s course inclusive design. The
acronym of the team name indicates the focus of the project:

Limeshain
Inclusive
Mobility
Environment
Sustainable space

To meet the needs of the people of Limeshain methods of participatory
research were applied (Vaughn and Jacquez 2020; Hartung et al. 2020).
Qualitative and quantitative methods were used in a mixed method setting
(Gläser-Zikuda 2019). 49 people took part in an on- and offline survey to tell
their feelings and perception of the barrier-free environment, barrier-free
public transport, barrier free medical care, digital usage and the quality of
living in Limeshain.
Eight people – of whom two had a physical disability – participated in a focus
group. Over three hours they were led by team LIMES to experience through
simulation (see Fig. 2) and identify barriers in the daily life in Limeshain. They
were guided to develop solutions to remove the determined barriers.
Further barriers were identified by team LIMES in the whole area of the
municipality.

The perception of the barrier-free environment has a direct correlation with
the quality of life. (see Fig. 4) The participants of the focus group and the
survey provided many responses with identified barriers and possible
solutions. Digital support was seen as a possible solution for more barrier-free
conditions but also as a possible barrier.

References
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Participatory Research Methods. https://doi.org/10.35844/001c.13244.

Fig. 3 Population pyramid of the participants of the project

Fig. 4 Correlation between the perception of a barrier-free environment and the quality of life; 
Pearson‘s correlation coefficient = 0,45; p-value = 0,33

Fig. 1 The participants of the focus group and team LIMES meet and discuss at eye level Fig. 2 Participant determines barriers via age-simulation-suit (left) identified barriers are marked on plans

Results
The project succeeded in bringing the residents into a joint dialogue and
exchange at eye level. Physical and digital barriers could be identified and the
newly created solutions will be further developed in the second part of this
project in winter 2021/2022. The municipality must become more barrier-free
for a higher quality of life.

Fig. 5 Satisfaction with the barrier-free usage of the homepage and the digital application of Limeshain
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This study will adopt a phenomenological, interpretivist
perspective. Phenomenology describes the lived experience of
a particular phenomenon (Carpenter, 1999). This
methodological framework is suitable for this study which seeks
to gain insight into experiences of people with a cognitive
impairment’s and their informal carer(s)’ use of smart things,
and the meanings they attribute to using such technology for
assistance at home. The research design – taking point from
Carey (2012) – will use a three-stage procedure which is
phenomenological, semi-participatory and remains flexible to
enable access to the experiences and views of the informal
carers’ unique usage of smart things in their own homes. To do
this, a sequence of three semi-structured interviews will occur
over approximately four months (This time period has been
selected in order to gain a deeper understanding of
participants’ use of the technology and to capture their
experiences at different stages in their interaction with the
smart technology.

Cognitive impairments and dementia are critical and
increasingly common health issues challenging our ageing
population (Department of Health, 2010; Alzheimer’s Society,
2020) as these conditions can be costly to care for, and a cure is
not imminently on the horizon (Alzheimer’s Society, 2020;
Kerssens et al, 2015). With only 4% of people over the age of 65
living in care homes (Methodist Homes, 2020), the majority of
older people live at home. Consequently, family, spouses and
children are often primary sources of care and support
(Mazurek et al, 2019). In the UK alone there are over 700,000
people who care for people with a cognitive impairment
informally, which is estimated to amount to £12.4 billion saved
per year on traditional services (Sriram, 2019).

Background

An exploration into the experiences of carers of people
with cognitive impairments (PWCI) and the meanings

they attribute to using smart things as part of their
caring role at home.

Therefore, it is essential to investigate ways to support those
who provide such a crucial service. Advances in technology -
such as smart phone apps, smart speakers and smart doorbells
- have the potential to not only provide care and support to
PWCI but their informal carers too (Sriram et al; 2019).
However, there is little known about PWCI and their informal
carers’ experiences of these technologies (Sriram et al; 2019).
In this study, ‘smart’ assistive technologies refers to any
intelligent digital assistive device that connects to the internet
and is designed to help people at home in their daily lives – for
example, sensors that open or close doors and regulate heat
and light, smart door bells, speakers, virtual assistants, TVs,
fridges or even smart phone apps (García-Betances et al 2017).

Methods

Sources
Alzheimer's Society. (2020). Facts for the media - Alzheimer's Society. 
Carpenter DR (1999) Phenomenology as Method. In: Streubert HJ,
Department of Health, (2010). Quality outcomes for people with dementia: 
Building on the work of the national dementia strategy. Leeds: Department of 
Health.
Giroux, S. and Pigot, H. eds., (2005). From Smart Homes to Smart Care: ICOST 
2005, 3rd International Conference on Smart Homes and Health 
Telematics (Vol. 15). IOS Press.
Kerssens, C., Kumar, R., Adams, A.E., Knott, C.C., Matalenas, L., Sanford, J.A. 
and Rogers, W.A., (2015). Personalized technology to support older adults 
with and without cognitive impairment living at home. American Journal of 
Alzheimer's Disease & Other Dementias®, 30(1), pp.85-97.
Mazurek, J., Szcześniak, D., Urbańska, K., Dröes, R.M. and Rymaszewska, J., 
(2019). Met and unmet care needs of older people with dementia living at 
home: Personal and informal carers’ perspectives. Dementia, 18(6), pp.1963-
1975.
Methodist Homes. (2020). 
Sriram, V., Jenkinson, C. and Peters, M., (2019). Informal carers’ experience 
and outcomes of assistive technology use in dementia care in the community: 
a systematic review protocol. Systematic reviews, 8(1), p.158.

“It‘s helped me get a little bit of my life back, 
which I didn‘t have for a long, long time“

- Participant
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LEARNING CONCEPT By using an e-learning concept, a common learning concept can be developed despite
differences in previous experiences (Hetzner/Leen 2013; Leen-Thomele/Hetzner/Held 2016). Learning can take
place independently of location and at one‘s own pace thanks to the personalization (Hetzner/Leen 2013). Only
throughout the linear built-up course, along with the technical skills gained, are further functions of the tablet
un-locked to enable step-by-step learning (Biniok/Menke 2015).

TABLET SOFTWARE The operation of the tablets should be as comfortable and simple as possible for the
seniors to increase the acceptance and the associated intention to use them. Priority is given to informative
buttons with concise descriptions. In addition, colour contrasts are used and complex structures avoided. Video
and voice calls as well as text messages must be supported for the primary focused communication. The
integrated camera allows taking photos and videos and includes a gallery function. Another function is the
access to websites and videos from streaming service providers. Music and radio functions are included via the
soundboxes. The implementation of user profiles enables personalization such as the display (font size, contrast)
or progress tracking for e-learning lessons.

ARCHITECTURAL SPACE CONCEPT The concept presented here is an independent, barrier-free and
wheelchair accessible room in the common area, which can be installed quickly and easily, in the existing
building, due to its solid wood construction and prefabricated components. The ‘room within the room’ is
divided into different areas by its different uses (learning space, storage options, seating areas). For optimized
use, the colour concept is ergonomically designed, maintaining a balance between overstimulation- on and
monotony. Materials and surface textures lead to a sensitization and differentiation of haptic perception. The
concept presented here uses natural and artificial light in combination. The lighting is sufficiently bright and
glare-free. Precisely because the room is primarily used for communication, it is fundamental that the acoustics
are pleasant. By using suitable acoustic panels, a reflection is avoided. Further, the concept can be supported
using certain fragrances.

ICARE - Taltes in residential care homes Social isolation can lead to health risks among the elderly (Gerst-
Emerson/Jayawardhana 2015). Digital technologies can be used for social support to achieve a sense of
community (Newman/Zainal 2020). Tablets are suitable for this kind of use because of their more self-
explanatory nature (Hetzner et al. 2014), and the intuitive touchscreen makes them easy to use (Leen-
Thomele/Hetzner/Held 2016). To prepare older people for an increasingly digital future and to prevent social
isolation, an interdisciplinary solution was developed, a concept of how tab-lets and digital innovations can be
introduced in a low-barrier way into residential facilities for seniors in need of care on a spatial, technical and
social planning level in order to improve the quality of life of older people in the Corona pandemic and
beyond. A three-phase model was chosen, as this allows the presentation of acute action strategies in the
context of the Corona pandemic as well as future improvements in quality of life with im-proved technical
conditions.
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Phases two and three expand this concept for the
future. The second phase requires improved media
skills of the residents and employees as well as a
higher number of tablets. Seniors are enabled to
operate various room components such as
temperature and light in the sense of a smart home
via the tablets with support or independently. The e-
learning concepts can be supplemented by blended
learning methods to enable personal exchange. The
functions of the tablet will be additionally expanded,
for example by using exergames as well as serious
games to improve physical and mental health.

In phase three, tablets and digital innovations will be
integrated into care and used in a supportive
manner. This can be done using an IOT concept:
With the help of sensors, basic daily activities of
seniors are measured, monitored, and predicted.
This enables to make statements about the state of
health and therefore support care. However, the
prerequisites for this stage are a sufficiently stable
WLAN connection to enable smart central stations
for a WSN network for the use of machine learning
techniques, an intensive ethical debate on this topic,
and very good technical skills among the employees
of the care facility.
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Blažun, H. (2013). Elderly people‘s quality of life with information and communication technology (ICT). Toward a model of adaption to ICT in old age. Kuopio, University
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TECHNOLOGY ACCEPTANCE To achieve grea-
ter acceptance of the technology, the usefulness
through integration into everyday life must be em-
phasized above all (Loiseau/Boog/Pelayo 2015), so
that autonomy can be gained. The support of the
family and professional environment is important
to facilitate technology adaptation for the elderly
(Blažun 2013). Therefore, it is important to
communicate these benefits transparently and to
provide regular access to training and support
(Cavenett et al. 2018).
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b_free
Abstract

How can awareness-raising with regard to inclusion 
be implemented at German universities?

How can inclusion and participation succeed under the changed
conditions and safeguard the social needs of all students?

What shape(s) do spaces need to take in order to support awareness
raising and how can a shift in space towards pandemic situations be
addressed?

Which technologies can be used or developed to implement the
various aspects of the solution and to support the necessary
processes?

Research Question

How to b_free [website + application]

Sources
[01] Website b_free. (2021). Retrieved 01 09, 2021 www.bfree-online.de
[02] Web Content Accessibility Guidelines (WCAG) Overview. (2021). Retrieved 01 09, 2021
https://www.w3.org/WAI/standards-guidelines/wcag/
[03] Bundesamt für Justiz. (2021). Retrieved 01 09, 2021 https://www.gesetze-im-
internet.de/bitv_2_0/BJNR184300011.html
[04] Github Hendrik Pfaff / Accessible-Web-Template. (2021). Retrieved 01 09, 2021
https://github.com/HendrikPfaff/Accessible-Web-Template
[05] Github Hendrik Pfaff / Virtual-Event. (2021). Retrieved 01 09, 2021
https://github.com/HendrikPfaff/Virtual-Event
[06] MDN Web Docs. Using the aria-label attribute. (2021). https://developer.mozilla.org./en-
US/docs/Web/Accessibility/ARIA/ARIA_Techniques/Using_the_aria-label_attribute

With the conclusion "Inclusion today! - Inclusion does not happen in a day
and cannot be imposed by force”, the research group ends the first research
section (IPR1) and takes this as a guiding principle into the continuation
(IPR3). Inclusive thinking is not possible from one moment to the next, but it is
possible to sensitive people and give them an impulse to overcome the
barriers in their minds. This can be achieved through the b_free concept.
Sensitisation starts with basic research and should not only take place on one
day, but continuously, partly consciously, partly unconsciously.

Virtual Event b_free

b_free

Fig. 1 | website construction © b_free

Driven by the Corona-crisis, the research group pursued the goal of generating
an application as a final product that enables a day of action for everyone
(online) regardless of local conditions. Accordingly, the group expanded its
basic research into the areas of "virtual spaces" and "ethics for online
applications" and considered this above all in the focus of accessibility. The
WCAG 2.1 [02] as well as the EN 301549 v2.12 and BITV [03] formed the
technically indispensable framework of the webportal. The technical interface
was designed that content can be added and edited via the Joomla! content
management system, even by non-technicians. This makes it easy to keep the
web portal up-to-date. The web interface and the resulting programme code
is designed as a freely available template [04]. The programme code of the
event portal [05] is also freely available and can be used by other projects.
The website can be operated both classically with mouse and keyboard.
Elements can also be read aloud by screen readers with the help of aria labels
[06] and images with alternative texts to support people with visual
impairments. On each page of the website, a settings menu is accessible in
the left margin. This menu allows users to customise the visual appearance of
the site, such as font, font size and character spacing.

The implementation of an analogue or virtual event can, while
respecting ethical guidelines, promote the awareness-raising process of
university members.

Due to the current shift from real to virtual space, it is essential to pay
more attention to the design of virtual spaces in order to ensure the
well-being of all users. Trough an attractice and barrier-free design
consisting of an interplay of necessary and decorative representations,
spaces can also be created in the virtual world that sensitise users.

With interactive online applications and web portals, users can be
introduced to the topic of inclusion, get information and exchange
ideas each other.

Results

The website concept "How to
b_free“ [01] aims to provide
universities with a guide through
the four categories of survey,
analysis, selected content
(Toolbox) and the application
(Event) through the problem 
solution scheme. Among other
things, the toolbox offers content
and solution aspects on the topics
of bureaucratic, structural, social
and technical as well as an "all-
time" recommendation box. This
contains various ideas for edu-
cation, awareness raising,
inclusion and tips for organising
and mobilising on action days.

Fig. 2 | room “inclusion officer” b_free Event © b_free

The interactive event platform offers users the opportunity to move around in
virtual spaces with their chosen avatar, to consume media and to receive
information in real time. It allows the integration of new spaces and spatial
elements that make virtual events more atmospheric and exciting. While
events in real space often have to adhere to a strict time and space plan, the
virtual event offers more freedom. By using different methods, for example
streams, lectures, exhibitions and workshops can be attended independently
of time. Chat and video functions allow visitors to get in touch with each other
and exchange ideas. The programme of the FRA UAS b_free event currently
provides for 15 rooms on the following topics: "Round Table", "Sticker Action",
"Emotional Spaces", "IT Department", "Tandem Partnerships", "Universal
Design", "Partner Universities", "Workshops", "World Café", "Impro Theatre",
"Thought Barriers", "Psychotherapeutic Counselling", "Inclusion Officer",
"Lecture Room", "Online Games", "Cinema Room" and a “foyer” where all
visitors can meet.

As part of the module "Interdisciplinary Project 3" in the master program
"Accessible Systems" at the Frankfurt University of Applied Sciences, it was
investigated how awareness raising with regard to impairment and diversity
can be implemented at German universities even during pandemic situations.
Within the project, students were given the task to plan an awareness day
regarding inclusion and participation at German universities. This resulted in
the website and event concept b_free-online.de. The interdisciplinary research
group is composed of the three departments "Social Work and Health",
"Architecture" and "Computer Science and Engineering". The students do not
reduce themselves to the consideration of their own disciplines and
understand inclusion as an overall social concept. The basis for the work is a
previous project in the same course of study, from the year 2019/2020, with
the question of how awareness can be strengthened with regard to
impairment and diversity at German universities. The result is a website
concept for the planning and implementation of an inclusion day at German
universities. The concept is based on a detailed survey addressed to all
university members in Germany. To continue the project, the website was
realized, the survey was revised and adapted. In addition, a tool for conducting
an online event was implemented on the website. The research group focuses
on an appealing, accessible design of virtual spaces, ethical backgrounds and
basics as well as accessible events and computer systems.

https://developer.mozilla.org./en
https://github.com/HendrikPfaff/Virtual-Event
https://github.com/HendrikPfaff/Accessible-Web-Template
https://www.gesetze-im
https://www.w3.org/WAI/standards-guidelines/wcag
www.bfree-online.de
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In order to be able to reveal ES, it requires informa-
tion about the lifestyle, interests and habits of the 
persons concerned. In order to generate this infor-
mation, biography work is described in the literature 
as the gold standard. This work requires a relation-
ship of trust in order to be able to obtain vulnerable 
information, and the involvement of relatives is also 
recommended. During the joint cooperation, various 
concepts were developed to help find these ES. 
In order to be able to collect this information in a 
bundled and effective way, the toolbox was develo-
ped as one possibility. This toolbox serves as a tool-
box for carers, support staff and relatives and con-
tains a selected compilation of various documents, 
assessments, checklists and also recommendations 
for action to be used when moving into a home. This 
is intended to provide a clear tool for nursing homes 
so that biography work can be carried out as syste-
matically, standardised and effectively as possible.

This room contains existing light installations and is to 
be specially tailored to the needs and lifestyles of the 
residents by means of the information previously ex-
tracted through the biographical work. This includes 
the inclusion of preferred colours, but also smells and 
furniture that the residents have used in their lives. 
Through this trial design, the reaction of the residents 
to the artificial space can be observed and, if neces-
sary, also interpreted and interpreted by measuring 
various parameters such as pulse, ECG, temperature. 
In order to prevent this immense effort, the use of 
the so-called cave technology is an option. Using this 
technology, a virtual room can be created based on 
the biographical information and, using virtual reality 
technology, the designed environment can be shown 
in an empty room. In this way, the living environment 
can be designed and presented in advance on the ba-
sis of the biographical information and, in the event 
of errors, corrected again without immense effort.

The information extracted through the documents 
provided in the toolbox is transferred to the biogra-
phy box. This box serves as a universal place where the 
extracted data is stored and to which all staff mem-
bers and relatives can have access in order to view 
and expand biographical information. The biography 
box can be displayed physically but also digitally by 
means of a cloud system, so that biography work can 
also be carried out using a tablet. By feeding the data 
into the biography box and the associated expansion 
of the biographical data, the living environment, the 
activities and also the interaction with the people 
with dementia can be tailored more precisely to their 
needs, so that an increase in the sense of well-being 
and the feeling of home takes place.
In order to find out whether the biographical data ob-
tained also correspond to the residents‘ actual sub-
jective sense of well-being, there is the possibility of 
using an assessment room.

In the project work on the topic of „Emotional Spaces 
of People with Dementia“, students from the fields of 
„Computer Science“, „Architecture“ and „Case Ma-
nagement and Digital Health“ worked together in an 
interdisciplinary way to find out which architectural, 
social and technical factors and criteria have to be ta-
ken into account in order to reveal and design emoti-
onal spaces (ES) for people with dementia. ES are not 
spaces in the physical sense, but rather a conglome-
rate of feelings that can be felt through the environ-

ment, relationships and emotions within the respec-
tive spaces. In order to be able to reveal these ES, the 
inclusion of people with dementia is indispensable, as 
it is mainly about increasing their sense of well-being. 
In a first step, by reviewing the literature and existing 
concepts, an attempt was made to get an approach 
and a feeling for the problems and challenges, but 
also for the currently existing possibilities for finding 
ES. In the further course of the project, a prelimina-
ry stage of the participatory research approach was 

used, in which a questionnaire was developed to gat-
her the opinions of relatives of people with dementia 
as well as care professionals. Within this questionnai-
re, different perspectives on the emotional, physical 
and environmental needs of people with dementia 
were sought. The insights gained were used to filter 
out possibilities and problems that exist in dealing 
with people with dementia. Based on this informa-
tion, the concept of the „ZEITRAUM“ was developed, 
which is explained in more detail below.
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