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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. 

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

Introduction
Service robotics might be the solution to several 
challenges faced by retirement and nursing homes 
in Switzerland and other countries. As a result of the 
aging of society, retirement and nursing homes see 
themselves confronted with changing care needs 
and a shortage of skilled workers and are therefore 
constantly seeking for innovative solutions. By 2050, 
over 27% of the Swiss population will consist of peo-
ple aged 65+ years (2.8 million). This will cause ma-
jor challenges, especially for retirement and nursing 
homes (BFS, 2017; Credit Suisse, 2015). A shortage 
of skilled workers can already be identified, for rea-
sons such as terminations due to overwork and lack 
of junior staff. This situation will further deteriorate 

due to the increasing demand for caregivers, which 
is expected to increase by 36% in Switzerland by 
2030 (Merçay & Grünig, 2016, 1-4). In order to coun-
teracta resulting decrease in the quality of care re-
sulting from work overload, lack of time and human 
errors, to ensure the satisfaction of the caregivers 
and the elderly to deal with the economic pressure, 
the retirement and nursing homes are dependent 
on innovative and financially feasible solutions (Klein 
et al., 2018). These innovative solutions should en-
sure a high-quality and efficient care for the elderly 
in the future. Furthermore, the solutions should re-
lieve the caregivers to provide them more time for 
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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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)

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 
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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:

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.

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

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

• 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 
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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)

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)

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.

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 

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-

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 

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, 

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-

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 

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 

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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