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Expanding Mobile Robot Applications in Care Environments: Client

Perspectives for Added Guidance

Mobile robots have demonstrated their suitability for logistical tasks in social and
healthcare settings, allowing professionals to focus more on patient care.
Advancements in technology now enable them to take on additional functions.
Some research has already been done on the interaction between mobile robots
and professionals, but the interaction of mobile robots with customers, as well as
customer experience, clearly needs further research. In this study, we focus on
good practices, user experiences, and interactions of senior housing residents and
health service clients with mobile robots. Mobile robots were piloted in two new
use cases, elderly housing orientation and healthcare services wayfinding and
escorting, with participants showing strong interest and the functionalities
proving suitable. The study underscores the value of user involvement in
development. Simultaneously, challenges such as touchscreen communication
and the robot's adaptation to the user's movement speed were identified and must

be addressed in the next phases of the study.
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Introduction and Background

Mobile robots, when integrated into the daily operations of healthcare environments,
allow professionals to focus more on direct patient care by taking over routine tasks [1].
These robots are expected to enhance efficiency in terms of time, cost, and
sustainability, particularly in the delivery of medicines, instruments, waste, food, and

even emergency supplies [1]. Beyond logistical tasks, mobile robots have the potential



to perform a broader range of functions by incorporating various technologies, such as
sensors, and advanced features, like localization capabilities [2].

For example, by combining cleaning and disinfection functionalities, mobile
robots can be used for UV disinfection [3] and floor cleaning. Additionally, they can
assist patients and visitors, monitor patients' vital signs, track overall well-being,
provide reminders for daily activities or medication, and even offer social interaction
possibilities [1-3].

In a recent study [4], health care professionals estimated the number of minutes
spent guiding patients to a correct place. Nurses and doctors estimated they use around
16 minutes and 8 minutes a day, respectively, to help patients navigate. According to a
literature review by Ulrich et al. [5], these indoor navigation problems cause hospitals
major annual expenses. Further, the orientation of new and especially temporary
employees requires extra resources from professionals.

The potential of supporting technology has been recognized. For example, in a
recent study, Zhu et al. [6] stated that virtual orientation is a considerable mean for site
orientation, the benefits being, e.g., comprehensive coverage, standardization of
information, safety during orientation, ease updating information, as well as time and
resource efficiency. Also, according to Wolor et al. [7], digital training is a time-saving
and efficient way to implement new employee orientation, and it evidently exerts a
direct positive influence on employee performance. Moreover, there is a significant
impact of digital training on work motivation [7].

Mobile robots, as well, have been studied as assistants for employee orientation.
Poberznik et al. [8] combined passive radio frequency identification (RFID) technology
to mobile robots, and a system was developed to assist various care settings both in

routine daily operations and during emergency situations. Central to system’s operation



is data fusion, which involves gathering information from multiple sources and
synthesizing it into actionable instructions to the mobile robot [8].

Now, the motivation of this study is to explore mobile robot-assisted orientation
and wayfinding from the healthcare environment client's perspective. While research
has been conducted on the interaction between mobile robots and various professionals,
there is a clear need for further studies focusing on the interaction and user experiences
of non-professionals, such as healthcare clients. Our research considers especially
elderly clients.

According to [9] research related to elderly users’ experiences with robotics has
increased lately, but mostly focusing on social robots such as humanoid robots and pet
robots. This kind of service robots have been used as companions as well as in care and
therapy related use cases. [9] Also according to [10], research on robotics in elderly care
Is increasing, there is a need for further exploration, particularly regarding human-robot
interaction. The elderly as a user of mobile robots is even less researched. Some
promising studies imply their usefulness in home context, such as giving a movable
handlebar [11] or to perform activities such as fetching items, reminding of medication
schedules and telepresence (interactions with care givers) [12] but further research is
needed. Service robots are also starting to emerge in various public places such as
airports and hotels, but there is a clear need to research elderly users' perspectives in
real-life setting, particularly in such real environment which are targeted for senior
users. Encouraging results were recently presented in [13] in which mobile robots were
assisting seniors by retrieving items from stores, carrying laundry to the laundry room
and back, taking out the garbage, and delivering food. The experimental results
demonstrate positive evaluation and willingness to use by elderly users. However, the

paper emphasizes the importance of user-centered design in creating interfaces that are



intuitive for elderly users. [13] Our experiments concentrate on elderly user experiences
related to mobile robot use for orientation, wayfinding and escorting thus
complementing earlier studies. The novelty of this study lies in the fact that the
experiments were conducted in a real-life use environment with actual end users,

providing insights grounded in authentic user experiences.

Research Objectives and Research Questions

The purpose of this research is to advance the client-focused development and use of
mobile robotics in the social and healthcare sectors, enabling more efficient allocation
of human resources to tasks that require human involvement. As the capabilities of
robots expand, their utilization increases, and the investment payback period shortens,
making them a more cost-effective purchase. The study aims to gather insights on how
automated orientation for clients and residents can be practically implemented and to
use test experiences to further refine mobile robot equipment for broader applications
and additional tasks. Further, it aims to examine which aspects of robot-assisted
orientation impact user experience positively or negatively. Thus, the following two

research questions are defined:

RQ1: How do senior housing residents and health service clients experience the
interaction with mobile robot according to the Garret’s [14] elements of user
experiences?

RQ2: How is the mobile robot orientation of senior housing residents and wayfinding /
escorting of health service clients applicable for practical activities in social and health

care environments?

Research Methods



This work focused on two case studies. Case 1 focused on the orientation for new

residents and case 2 on wayfinding and escorting the client to the appropriate service.

Case 1: Orientation for new Residents

The orientation of the housing residents was researched in a private residential building
in an area that provides housing services for elderly people who want to live
independently but may need support in everyday life. The robot gave location-related
information about the specific apartment house and services provided, while the person
being oriented followed the robot. The orientation was tested by the group of eight
volunteer elderly residents of the area. The research was conducted over a two-week
period in May 2023 during the daytime from 9 am to 3 pm. The participants were
informed about the research and data privacy policy, and they gave consent for
participation and use of the data gathered during the research. There was always an
observer to guide and help the participants when needed and one technical support
person from the research team to follow the testing.

The people participating in the testing were given an RFID tag integrated into a
plastic card hanging from a strip. Based on the information read from the tag, the robot's
software got the person's profile and compiled the orientation steps planned for that
profile and started the program [8]. When the robot reached a certain location in the
building, it stopped and spoke the contents of that location aloud. A computer speech
synthesizer was used for this. During the speech, the most important information was
also shown as text on the screen. The person could also ask the robot to repeat the
instructions, if needed. The robot dodged all stationery or moving obstacles along the
route and, if necessary, calculated a new route to the target location if the obstacles

could not be bypassed [15].



Case 2: Wayfinding and Escorting the Client to the Appropriate Service

Escorting the client to the appropriate service was researched in a private clinic for
welfare services. The mobile robot was located in the waiting area for several services.
These were physiotherapy, massage, group exercises, home care, physician or services
of another unit in the same building.

The participants were individuals that came to the clinic to have their therapy or
appointments. The participants were not asked about their personal data (they were able
to join anonymously) but the clients in the clinic are mainly older adults and have some
disabilities in functions.

The research was conducted over a one-week period in October 2023 during the
daytime from 10 am to 3 pm. The incoming clients were informed of the possibility to
join the research and voluntary clients participated (n = 18). The participants were
informed of the research and data protection, and they gave consent for participation
and use of the data gathered during the research. There was always one observer
(altogether three welfare technology researchers as observers during the study) to guide
and help the participants when needed and one technical support person from the
research group following the testing. The observer gave the participant instructions to
start and use the mobile robot independently following the information given on the

screen.

Data collection and analysis
Interview (case 1) and observation (case 1 & case 2) were used to acquire the data. The
research setting was a cross-sectional setting, in which the phenomenon is studied with

the help of material acquired at a certain moment in time [16] and in this study the



material was acquired in connection with the orientation as well as the wayfinding and
escorting testing. Observation research material was created situationally and intuitively
in an observation situation as the participant was using the mobile robot system [17].

In both cases, a welfare technology researcher observed the use of mobile robot
from the start to finish while writing down the notes to pre-planned observation frame
following Jesse Garret’s elements of user experience [14], widely used in user-centered
design and experience studies, was originally developed for web design and is mainly
applied in web or app development. Its use in complex product design is less common,
though it has been successfully applied to smart object design [20, 21], with
encouraging results and a call for further research, such as to assess the user experiences
of the robot system in this study. Especially the following themes were investigated:
reactions, emotions and feelings, need for support and understanding the instructions,
interaction with the robot, interaction with others, interaction with the observer,
spontaneous comments and general usability issues. Right after each test the notes were
digitalized. The digitalized notes were analyzed, and the content was clustered based on
the Garret’s framework to the following categories according to the elements of user
experience: user needs (strategy), functional specifications and requirements (scope),
interaction design (structure), information design (skeleton) and visual design (surface).
The senior apartment residents who participated in the Case 1 were also given a final
interview right after the testing. In the interview, the participants were asked about their
intuitive thoughts related to co-operating with the robot and tasks the robot could be
used for. The interview was not performed in case 2 as the participants were health care
clients who had their appointment right after the testing and thus could not participate in
the interview.

In this research, two prototypes were designed for the two case studies. These



prototypes combine the manuscripts for both cases, covering orientation, wayfinding,
and escorting, as well as the technical setups of the mobile robot. The prototypes were
developed in collaboration of the senior housing and health service providers and the
research team.

The idea was to make the prototypes and use them for testing at an early stage of
the process, in order to get additional information from the users as early as possible in
the development of the product [22]. In addition to the scientific contribution, the field
tests with senior housing residents and health service clients in a real operating
environment provided additional information for the development of the system and
robot assisted orientation and wayfinding. The information collected from the service
providers was used to create the manuscripts, which included the key locations and

information for the residents and health service clients.

Technical Setup

This study used a mobile robot and integrated technologies to form a complete system.
The technical setup was largely similar in cases 1 and 2. The robot integration was
designed to function as a logistical system for the environment’s purposes and when
necessary for orientation, wayfinding and escorting tasks. The system was co-designed
with technology and care professionals. The identified user characteristics led to the use
of a mobile robot, especially because of their suitability for escorting and wayfinding
that leave free hands for mobility aids. User-robot communication included RFID
system for user identification and large touch screen-based Ul for operating the robot,
thus preventing complicated use of small mobile devices. The technical setup of the
system and the purposes of the different technical features in these cases are presented

below.



Case 1: Orientation for New Residents

Case 1, orientation for new residents, used the Omron LD-90 mobile robot (Fig. 1),
which had been trained to operate in the environment fully autonomously. The mobile
robot was programmed with all the locations and the order of the goals during the
orientation. The mobile robot selected the routes it would take from one location to

another on a situational basis.

Figure 1. Mobile robot setup for the orientation of new residents.

The RFID reader system integrated into the mobile robot consisted of an Impin;j
Speedway r420 RFID reader and a Times-7 SlimLine A5020 Circular Polarized
antenna. The antenna was placed on top of a cabinet of the robot and was used to

identify the person being oriented. The residents had RFID cards to identify themselves



on the mobile robot as new residents who had been ordered on an orientation tour. The
reader power was limited to avoid unwanted readings from distance.

The mobile robot also had an integrated touchscreen (ASUS ZenScreen Touch),
through which the residents communicated with the robot and the orientation guide. The
touch screen shows pictures and instructions (Fig. 2) from different parts of the
orientation tour. It can also be used, for example, to ask the robot to repeat what it had
just said, or the resident could tell the robot that they were ready to continue the tour.
The mobile robot's cabinet also had integrated speakers (Logitech S150), which allowed
the resident to hear what the mobile robot was saying at any point during the orientation
tour.

The interaction between the mobile robot and the integrated technologies is
handled by a computer (Intel NUC with external graphics processing unit) integrated
into the mobile robot. In addition, there is a switch, a transformer that works in the
power supply of additional electronics, as well as a safety circuit with emergency stop

switches and acknowledgment buttons integrated into the mobile robot.



Figure 2. An example of the pictures and instruction of the orientation software.

Case 2: Wayfinding and Escorting the Client to the Appropriate Service

In case 2, wayfinding and escorting the client to the appropriate service in health care
environment, the technical setup is otherwise quite similar to case 1, but in this case
four Times-7 SlimLine A5020 Circular Polarized antennas are integrated into the
mobile robot. The client to be escorted is not identified in any way, but the four
antennas are placed inside the cabinet on board the mobile robot and are used to identify
the equipment and aids in the environment and thereby provide location information to
the caregivers. Using the touchscreen, the mobile robot asks the client where they are
going (Fig. 3), and based on the answers, the system decides whether to just give the

client wayfinding instructions or to escort them to the reception area (Fig. 4).



Which appointment are you going to?

PHYSIOTHERAPY/
OCCUPATIONAL THERAPY A PHYSICIAN
MASSAGE
HOME CARE FOOT CARE GROUP EXERCISE
LABORATORY MEMORY TESTS SOMETHING ELSE

Figure 4. Mobile robot set up for the wayfinding and escorting the client to the
appropriate service.



Results

Case 1: Orientation for New Residents

During the orientation tour, the users were observed throughout the tour and
interviewed at the end of the tour. In the opinion of all the participants, the robot
orientation was an interesting and positive experience, “It was quite funny!”. At the
beginning of the tour, there was tension, enthusiasm and curiosity about the new
experience. Towards the end of the tour, the tension eased, and confidence towards the
robot increased as the robot avoided oncoming people or other obstacles. Also, the
possible prejudice of the other residents met in the corridors was reduced after
observing the robot’s behavior.

Considering the user needs, seven out of eight elderly people would recommend
robot orientation to others, “Yes, | would recommend this introduction to a person with
some experience with digital equipment “, “Of course, for someone who doesn't know
this environment”. One respondent’s recommendation depended on what kind of
condition the potential user would be in. This person pointed out that robot orientation
might not be suitable for people with very limited functional ability or fear of
technology. The common opinion of the participants was that the robot orientation
could work well as a reminder later, after the first orientation tour would be done with a
human, as it is necessary to discuss and ask questions at the first time.

The participants had limited experience with robots beforehand but had seen
robot vacuums or lawnmowers. There was also some discussion about medical robots.
Several people had ideas about utilizing the orientation robot for other tasks, such as
taking laundry to the laundry room or transporting shopping bags from the front door to
the apartment. An arm that can be attached to the robot would be a good feature if the

resident cannot lift laundry or shopping bags onto or off the robot.



Some functional specifications and requirements were discussed. It was
generally hoped to extend the orientation tour to the basement floor and, on the other
hand, also access to the residential floors, where the robot could guide the residents to
their own apartment based on the RFID tag. In addition, an orientation tour was
suggested for relatives, if the resident cannot participate for some reason. More than one
person could also participate in the orientation tour at once. The hope was also to equip
the robot so that the orientation tour could be extended to outdoor areas, and, in
addition, the robot could be a safe companion for outdoor activities without the fear of
getting lost. On the other hand, there were also thoughts about taking care of the
residents by checking the RFID tags of passers-by and telling if the person is in the
wrong building. On the other hand, there were also thoughts about taking care of the
residents by checking the RFID tags of passers-by and telling if the person is in the
wrong building. The robot could guide guests coming to the building and perhaps look
for the residents' lost belongings in the common areas. The interviews also brought up
ideas on robot recognizing illnesses, calling for help or performing minor personal
assistive tasks.

Many findings were to do with interaction and information design. Participants
concentrated well on the robot’s talk, even in case of commotion. The walking speed
was suitable for both people walking independently and people using assistive devices.
The robot's voice was very similar to a human voice, even though it was a machine
voice. The sound was generally liked, and it was also a positive surprise for many who
had thought beforehand that the sound was more like a monotonous machine sound.
The audio was considered good and the texts on the screen as a functional supplement
along with the pictures of the presented places.

The robot use was generally fluent, although six of the eight people had some



challenges with the touch screen not always detecting their pressing. This may be due to
elderly peoples’ dry skin. Thus, a touch screen pen was used in three orientation tours.
Additionally, the participants were actively trying out different ways of pressing the
screen. The screen could also be bigger, so there could be more text or larger font.

Some challenges were also caused by the robot positioning as it rotates to its
pre-defined orientation after arriving at the destination (goal). This is because when the
robot arrives at a specified goal from different directions, it has to rotate in place to
reach its predefined orientation. The rotation made it difficult for the participant to
predict in which direction the screen would be positioned when the robot’s talk starts.
People moving without aid either waited for the robot to stop before walking to the
screen or tried to follow the robot's movement the whole time. Sometimes this led to a
situation in which the robot started the talk before the participant was in a suitable
position. For three people moving with an assistive device, it was even more
challenging to reach the screen before the talk started. At the end of the tour, the
participants learned to wait for the robot to position itself first. Reducing the
unnecessary movement during the positioning and the placement of the screen at the
goals are essential features to consider in similar use cases in the future. Human
recognition from the direction of the screen could be used to better timing the robot’s
talk.

All participants found the tour to contain essential information and to give a
good description of the common spaces. However, at the beginning of the tour there
was a lot of information which could have been presented in a more structured form.
None of the participants stopped the tour or pressed the repeat button on the
destinations.

The robot's visual design was discussed by participants, who initially expressed



concerns about its size, fearing it could be a tripping hazard in corridors. These
concerns were alleviated as the robot's size was larger than a typical consumer vacuum.
Most participants accepted the robot's machine-like appearance, viewing it as a positive
feature, though some suggested a more decorative or lighter design. One participant
proposed a human-like robot, but others felt it didn’t need to resemble a human. The

proper pronoun for the robot (he/she or it) was also a topic of discussion.

Case 2: Wayfinding and Escorting the Client to the Appropriate service

The testing provoked a lot of reactions regarding the test situation in general, the
behavior of the robot, the robot's features and the use of the robot as a guide. In general,
the robot aroused interest and the participants had a positive attitude. "I personally find
it good", "it's a good device", "pleasant”. The robot's performance elicited laughter and
smiles and the participants also responded to the robot's speech "thank you, have a nice
day too". The situations in which the robot reacted to other people in the corridor were
the most commented upon. "Does it hit anybody at all”, ""oh, it doesn't like to be
approached".

Many of the observations were considering the user needs and the added value
the participants found for the guidance robot. Most frequent comments were about the
suitability of the robot for guidance. Most of the comments were positive and a need for
guidance robots was identified, "this could be a hospital courier, or it could take your

own (patients) belongings when you arrive at the ward", "these should be available in
the hospital”, "great for other places also", " support and guidance is needed in new
situations and places”, "I could have found my way with this". Challenges were also

identified, for example in relation to the reliability and availability of the guidance

robots. "The touch was quite poor - if it doesn't work well, not everyone necessarily



trusts that it can get you there". "If I was sick and going to hospital, I don't know if |

would use one", "'l would be willing to use a robot in a hospital, for example, but | know
that some people are very resistant and afraid"”, "If a robot is guiding a person, how do
you guide the people who arrive? | wonder if they know what to expect. There should
be more robots in the lobby". "Are they replacing the information desks?", "if there are
a lot of people, this robot won't have time to guide everyone".

Feedback was also given on the robot system’s functional specifications and
requirements. A participant in wheelchair had trouble following the robot due to its too
fast speed and was hoping for the robot to pull the wheelchair. More spoken instructions
were requested, as well as escorting functionality also in case of shorter journeys.
Additional features were also desired when the distance to be covered was longer "this
could also read the news” (while escorting).

Most observations were made about the interaction design & information design.
All the participants found the robot's instructions logical. In the test setting, a clear
majority (15/18) of the participants were able to perform tasks according to the
guidance provided by the mobile robot alone. Mainly assistance was needed in use of
the touch screen (click being too long, or the click not detected), but help was also
needed to get started and find the right choices (terminology challenges, and
information location challenges). There were also challenges in hearing the robot's
instructions because there were several sound sources in the room (people, TV, etc.).
"Does this speak anything?" One client read the instructions on the screen, even though
the robot was also speaking to them. The text on the screen was found to be of a suitable
size.

The speed of the robot was perceived to be appropriate when the users walked

by themselves. "Moves at a suitable speed". For the person who tested the robot on a



wheelchair, the robot was too fast, although this was not a problem as there were long

straight corridors on the route. Challenges would have arisen on a more complex route.

The most challenging part was clearly the map that was shown on the screen in shorter

routes. The map was rather small and displayed for an insufficient amount of time.
Only a few comments were directly considering the visual design. Two

participants would have liked the robot to be "more human looking".

Discussion

RQ1: How do senior housing residents and health service clients experience the
interaction with mobile robot according to the Garret’s [14] elements of user
experiences?

Jesse Garret’s framework [14], originally developed for web design, proved
effective in analyzing user experience in a mobile robot system, offering insights
applicable to complex systems involving hardware. The study yielded valuable input for
both touchscreen application design and robot integration, aligning with previous
research [20, 21] supporting the framework’s use in complex products. Jamie Mill [23]
has also adapted the framework for general product design. Future work will focus on

developing a model tailored to interactive robotic systems.

User experiences in orientation as well as in wayfinding and escorting were
generally positive and all participants were able to interact with the robot and perform
the activities as planned. The participants were also pleased to be involved in this study.
These findings are in accordance with earlier studies [11,12,13] which also indicate
great potential and positive user experiences on applying mobile robotics for elderly
assistance. However, many improvement ideas were also found.

Aesthetics have been found to effect on the user experience [24] and the



appearance of the robot was also commented on in this study. The appearance of the
robot used in the tests was industrial and angular. Human-like appearance was not
hoped for, but additional decorative or fun elements were wished for, such as stickers
on the robot or smiley faces in the user interface. Similar observations have been made
in other studies [25]. Thus, the visual appearance should be considered when designing
the system further.

The main usability challenge in both the orientation and wayfinding tests was
the use of the touch screen. Participants identified issues, such as dry skin, and a touch
screen pen was used to improve usability. Similar challenges have been observed in
other studies, particularly with elderly users [26, 27]. To address this, a touch screen
pen could be attached to the robot, and the screen's sensitivity could be enhanced, as
suggested by earlier research [26, 27]. Many participants commented on the robot’s
rotating motion when positioning itself. Predicting the robot's behavior is crucial, as
uncertainty can lead to negative experiences or anxiety [28]. While the test period was
short and no anxiety was observed, the rotating feature was seen as unnecessary and
illogical.

The participants were also slightly disappointed with the functions or the novelty
value of the robot. Robot as a word may lead one to the imagery of science fiction
movies and expectations of special features.

Most of the participants pointed out the need for help in transporting
merchandise or laundry. A box or basket could be placed on top of the robot to carry the
customer's belongings, also in escorting mode. This correlates with other studies, where
practical needs come before social needs [28, 29]. With the mobile robot equipment that
was in test use, simple transportation is possible, but to put the goods on the robot, you

need either another person or an arm for the robot, if the person is unable to move the



things to be transported into the robot's cabinet.

In the wayfinding and escorting system, new features were hoped for, such as
more content to be provided by the robot, escorting function also in shorter routes, or
pulling the wheelchair. Also, earlier studies support the finding that technology
solutions with multiple functionalities to serve the user can add the feeling of usefulness
and increase positive user experience [24].

The presentation of the wayfinding information (map) was found inadequate in
some cases, and the speed of the robot was not suitable for the participant in wheelchair.
The map could be more informative with the use of direction arrows, coloring of routes
or additional spoken instructions. The robot could also show the progress on the map
screen when escorting the client. The robot could be more social and provide
entertaining content or extra information on longer journeys. The robot could also adapt
to the pace of the follower or recognize when the user stops and would wait. In fact,
RFID-based functionality has already been designed for the robot, allowing it to detect
the speed of the person being escorted and to adjust its own speed to match the speed of
the person if the person is identified by their RFID tag.

Although the robot was quite intuitive to use and most participants performed
the tasks alone, further research questions are whether people would understand how to
use a robot if there was not a researcher standing next to it to ask them into the test and
use the robot for guidance.

It is also worth mentioning that many comments were to do with the touch
screen application, as the touch screen was the channel that participants used to
communicate with the robot. However, robot design was also frequently commented on,
especially the visual appearance as well as the behavior of the robot. This underlines the

importance of considering the entire system’s user experience rather than just the



application. Our future work is also to apply Al and more complex communication
based on large language models to the system. This is yet another design challenge
which requires careful user involvement. The scripted interactions were selected for this
study according to the wishes of the care professionals who participated in the prototype
designing. However, in future more advanced prototype solutions could be used to
investigate their added value. Although advanced robotics are under development, their
use in real-life setting is still rare and research lacks practical experiments with specific

user groups such as the elderly.

RQ2: How is the mobile robot orientation of senior housing residents and wayfinding /
escorting of health service clients applicable for practical activities in social and health
care environments?

Based on the results, the use of a robot for guidance in health care environment
was well accepted and the attitudes and the overall experiences were positive as
described earlier. As the participants were volunteers, this observation is not
generalizable to all clients. The participants identified also other places in which the
robot could be useful and other tasks the robot could perform in care environments,
such as carrying their bags or transporting items in big buildings. Based on these
findings, the studied use cases were found potential, but further research is needed to
evaluate the suitability of mobile robots for other additional tasks.

Purchasing a robot is a remarkable investment and the added value of the robot
for the users must be carefully considered. Utilization and added value of the robot can
be increased by adding new tasks to it. As in this study, robots could transport goods
such as linens and samples in a hospital or shopping bags for the elderly in a senior

center, but it could also be programmed to guide a new employee or resident, or escort



clients to appointments.

However, planning, programming and testing an orientation tour or wayfinding
and escorting application for a mobile robot requires different skills and probably a
multi-professional team. In the case of mobile robot equipment, for example, the
programming and updating of the device is the responsibility of a competent person, so
that changes to the orientation/wayfinding and escorting program can be easily made
without waiting for an external resource. If the update is difficult, after the initial
enthusiasm, the use of the device will probably decrease. Learning a mobile robot
programming tool can be executed from people with a wide range of educational
backgrounds, but it requires an interest in the subject and an eagerness to learn.

For the robot to work for orientation or wayfinding and escorting without
another person, there must be clear instructions for its use, making it possible to move
around the building independently with the robot. In terms of independent use, it would
also be good to have some experience with smart devices. For example, technology has
come to be used by a certain generation only in later adulthood, and its use has been
learned from completely different starting points than the young adults of the 2020s,
who have had the courage to try the technology's operation since childhood and not be
afraid of the device breaking down.

When introducing robotics in the healthcare environment, in addition to ethics,
the expectations and requirements for robotics must be mapped. The assessment should
focus on effectiveness to know whether, for example, the basic goals of freeing the
nursing staff from routine tasks to actual nursing work are realized. [30] The ethical
question is social responsibility: whether work really becomes easier and whether
resources can be allocated better, or whether the staff is reduced under the guise of

robotics.



In addition to evaluating the suitability of a mobile robot for certain tasks in care
environments, attention and research should also be focused on optimization and
dynamic control of robots. This study has not yet tested situations where the mobile
robot has both logistical and guidance tasks. With many mobile robots operating in an
environment with both logistical tasks and orientation and way-finding tasks, the
prioritization of mobile robot tasks needs to consider busy times from a customer
service perspective. This means that at times when the environment is quiet, with few or
no customers, mobile robots will focus on logistical tasks and, for example, one robot
will be available for assistance in turn. When there are a lot of customers, mobile robots
will only perform urgent logistical tasks and will focus more on escorting/wayfinding
and orientation tasks. Prioritization is very location- and environment-specific, as there
can be many urgent logistical tasks and customer volumes can vary widely. Overall, this
study proved once again what other studies have found [31], namely that the
deployment of mobile robots will always require fleet control based on the use of a wide
range of data.

In general, this study emphasizes the importance of involving users in the
development process. The results of this study which focused on public environments
are in good accordance with earlier studies focusing more on home-environment
[11,12,13], which also underline the user-centered approach in robotics development for
elderly. During the tests many of the participants brought up that ready-made solutions
are often brought to elderly people, even if they would gladly participate in the
experiments and give their feedback on the products and services to better serve their
needs. The participants were especially happy to be involved in the prototype phase of
this research.

In future work, quantitative evidence of the robot’s impact must be studied, e.g.,



through possible reductions in guidance time or staff workload, and a control condition
with human-led guidance is needed to clarify the robot’s added value. The study will be
expanded to other sites with larger samples, and tests will be conducted with

simultaneous multi-task operation to bring the research closer to real-world setups.

Conclusions

The aim of this research was to explore mobile robot-assisted orientation and
wayfinding from the healthcare environment client's perspective. Practical testing
among elderly people living in residential homes and clients in a health care setting
indicated a clear potential for the use of mobile robots for various orientation,
wayfinding and escorting tasks. The use of a robot for guidance was well accepted and
the attitudes and the overall experiences were positive. The results revealed the
willingness of elderly people to receive help and interact with robots. The study also
highlighted some of the challenges that older people face when communicating with a
robot such as dry fingers when using the touch screen or ability to follow the robot at
correct speed, in case of physical mobility challenges. These results motivate further
research of additional tasks for mobile robots but also encourage the study of robot
fleets to control different robot types and their versatile tasks. In this way, the actions of
robots can be prioritized for urgent logistical and guidance tasks and for non-urgent

transport tasks in the smoothest possible way.
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