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ARTICLE INFO ABSTRACT

Keywords: Isolated patients pose physical challenges to medical staff owing to the need for protective gear. Additionally,

Robot o communication issues arise within isolation rooms, hampering patient care. Mobile robots offer potential solu-

Communication tions, allowing for contactless communication and efficient task delegation, thereby reducing the risk of cross-

E"::r':;:; contamination and minimizing staff workload. This preliminary study assessed the usability, acceptability,

Patient isolation and potential for improvement of mobile robots in clinical nursing scenarios, focusing on nurses’ perspectives. A
preliminary test was conducted using mobile robots in a simulated hospital environment with 30 experienced
nurses responsible for isolated patient care. Data were collected through interviews, surveys, and scenario-based
tasks. Two scenarios were designed to evaluate the usability and effectiveness of mobile robots in real-world
nursing situations. Nurses regarded mobile robots as highly usable and useful in healthcare settings. Robots
efficiently handled tasks like remote supply delivery and medication distribution. Nurses recognized the po-
tential for improved communication and efficiency with mobile robots; however, concerns were raised about the
robots’ limitations in providing emotional support and potential safety issues during emergencies. This research
emphasizes the promising role of mobile robots in enhancing healthcare delivery within isolation rooms. While
these findings indicate the potential for mobile robots, careful planning, training, and scenario development are
crucial for their safe and effective integration into clinical settings. Further research, tailored scenarios, and a
reevaluation of the evolving role of nurses in a technology-augmented healthcare environment are necessary,
emphasizing the importance of understanding the capabilities and limitations of robotic assistance in patient
care.

1. Introduction that comes with having to wear protective gear [4,5]. To perform duties

in the isolation room, the medical staff who wear protective gear take a

Dealing with the increase in isolated patients during a pandemic,
such as coronavirus disease 2019 (COVID-19), presented numerous
challenges, particularly because of unpreparedness. Following COVID-
19, hospitals made significant efforts to actively manage and respond
to isolated patients who are infected or suspected of being infected,
requiring a great deal of human resources and time [1,2]. However,
these measures, implemented in a manner heavily reliant on existing
human resources, were deemed inefficient [2]. Therefore, there is still a
need to improve existing processes and prepare operational measures for
different infections in anticipation of possible future infectious diseases
[3].

The issues that medical staff encounter in caring for isolated patients
are prominently manifested in two aspects. First is the physical difficulty
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long time when entering and leaving the room, in addition to having
physical difficulties associated with having to wear the protective gear
for a long time and a relatively reduced patient care time owing to the
time spent on putting on and taking off the gear [4]. Another issue is the
difficulty in providing care owing to the absence of efficient communi-
cation among the medical staff within the isolation room [6,7]. In the
isolation room, smooth communication becomes difficult owing to
physical factors such as protective gear and noises when medical staff
who are in protective gear are trying to communicate with patients [4,
6]. This could interfere with resolving the health demands of patients or
accurately assessing patients, ultimately lowering the quality of medical
service [8].

Thus, to resolve the issues that could arise in the context of infectious
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disease, a medical institution needs to consider introducing a system
that uses scientific technology for effective communication, in addition
to providing care by adding more medical staff [6,9]. Particularly, if
contactless communication is enabled using a mobile robot, an infor-
mation communication technology (ICT) device, this can reduce the
time required to put on and take off the protective gear, thereby
decreasing the likelihood of cross-contamination. Additionally, it is
anticipated that delegating tasks such as drug delivery to mobile robots
will enable medical staff to reduce their workload and focus more on
direct patient care [10]. Further, automated supply delivery using mo-
bile robots minimizes mistakes or delays as they accurately and quickly
move to the destination, which can be monitored in a real-time system
[11].

We conducted a survey targeting nurses to assess the utilization of
ICT for communication both inside and outside isolation rooms [7]. The
results revealed that nurses expected that utilizing robots would
enhance nursing efficiency. They suggested that conducting remote
consultations through robots, enabling patients to make requests
without the physical presence of medical staff, and performing simple
tasks such as delivering medications remotely could improve nursing
efficiency [7]. However, while the introduction of mobile robots is ex-
pected to enhance medical service quality by increasing the efficiency of
nursing and reducing burnout among medical staff [12,13], contrary to
this, some studies have reported the possibility that the use of robots
may only change the nature of nurses’ work but not alleviate their actual
workload [14,15]. In particular, these studies emphasize that environ-
mental factors must align with robot usage to foster teamwork between
humans and robots, leading to the improvement of healthcare service
quality in a clinical setting. It underscores the importance of aligning the
environmental conditions in the actual implementation with the work-
ing conditions and current workflow [14,15]. Neglecting the physical
environment within medical institutions, including network infrastruc-
ture and the placement of medical devices, could lead to unexpected
issues, becoming obstacles to continuous use [9]. Additionally, ICTs
used in hospitals may be developed in directions that diverge from the
needs of the end-users, such as nurses. Therefore, before introducing
new technologies into clinical settings, performance evaluations should
be conducted in advance, actively involving medical staff.

In this study, the integration of mobile robots into clinical settings
has a threefold objective: to develop scenarios involving robot use,
assess their applicability in clinical settings, and investigate nurses’
perspectives on the usability of these scenarios. This study aims to
determine the effectiveness of these scenarios in addressing practical
considerations in real-world healthcare situations. A set of survey
questions has been carefully crafted to facilitate this exploration.

Our study strategically utilized isolation-room nursing scenarios
with mobile robots among clinical nurses, investigating critical aspects
such as usability, acceptability, expected utilization, and potential areas
for improvement. In addition, to understand potential challenges in the
application of robots, we investigated whether there were differences in
usability and difficulty of robot-related tasks among nurses based on
their general characteristics and levels of digital literacy. Through this
process, we anticipated that nurses’ participation in the technology
design process would facilitate the development of technology in har-
mony with its intended application. Furthermore, by conducting a
thorough evaluation, we aim to contribute valuable insights for the
seamless integration of mobile robots in authentic clinical settings.

2. Material and methods
2.1. Study design

This study was designed as a cross-sectional study for assessing the
usability, acceptability, and effects of the mobile robot, among the ICTs

available for isolation room patient care. As a preliminary study to
validate scenarios and usability of utilizing a mobile robot, this study
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only conducted post-measurement, as it was not feasible to assess us-
ability before the introduction of the robot.

2.2. Participants

Given that nurses are the primary users of mobile robots in medical
settings [16], inclusion criteria focused on nurses with experience in
medical institutions who provide care to isolated patients. Nurses with
less than one year of experience were excluded because a solid under-
standing of nursing tasks is essential. In usability tests for new tech-
nologies, there is no specific number of participants required to find all
usability issues. However, obtaining considerable validity is achieved
when 12 to 20 users participate in the user testing [17]. Following a
previous study with a similar purpose, the sample size for this study was
30 nurses [18].

2.3. Data collection

Data were collected from January to February 2023. The initial
participants were recruited through announcements posted in social
networking site chat rooms frequently accessed by individuals in the
relevant industries. Employing purposive snowball sampling, partici-
pating nurses took an active role in recruiting additional participants to
assess the usability of mobile robots in various hospital environments,
including the intensive care unit (ICU), ward, and emergency depart-
ment (ED), and to gather assessments from nurses of diverse age groups.
While acknowledging the potential for bias and the difficulty of gener-
alization inherent in snowball sampling methods, this approach was
chosen to ensure the participation of individuals from specific de-
partments within the hospital and to capture a range of perspectives
across different age demographics.

Before engaging in the study, potential participants received an in-
formation sheet detailing their voluntary involvement, ensuring ano-
nymity, and confirming their right to withdraw from the study at any
point. Written informed consent was then obtained from all participants
before their participation in the intervention.

Data on general characteristics and digital literacy were collected
before robot usage, and data on the usability scale (perceived usefulness,
perceived ease of use, intention to use), and usage experience were
collected after robot usage. An interview of about 20 min in length was
conducted in a meeting room where participants could speak comfort-
ably, and the contents were recorded. Field notes were completed to be
used in data analysis.

2.4. Mobile robot

The mobile robot utilized in this study is equipped with autonomous
driving and following driving functions, along with collision prevention
capabilities. It features a single display and can be operated through
voice commands (Fig. 1). Detailed functions and specifications are
presented in Supplemental Table 1.

2.5. Scenarios and tasks for the preliminary test

To investigate the functions and usability of the mobile robot, the
assessment was performed in a nursing college laboratory designed to
simulate a virtual isolation-room environment (Fig. 2). The four-bed
cohort isolation room was equipped with a mobile robot, stationed to
respond from the nursing station. When patients with infectious diseases
are admitted to general wards, they use single isolation rooms or cohort
rooms. In the case of intensive care units or emergency rooms, single
isolation rooms are utilized primarily [19]. Since cohort isolation rooms
are larger and more obstacle-filled than single isolation rooms, we
assumed that robots evaluated in such environments could also be used
in single isolation rooms. In the clinical setting where the robot was
utilized, nurses worked in 8-hour shifts, with each nurse caring for 10 to
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Fig. 1. Mobile robot used in the study.

12 patients. As a standard practice, one nurse was assigned to three
rooms in a four-bed setup. According to a previous study, on average, the
frequency of room visits was approximately 6 times per room, resulting
in a total of 18 entries and exits for the three rooms [20]. The scenario in
this study assumed that a nurse inside the isolation room would care for
the patient while communicating with a nurse at the station.

Before conducting the preliminary test, the research team completed
various preparations. These included designating the mobile robot sta-
tion and conducting robot mapping, designating the nursing station
outside the isolation room, installing the necessary software program on
the computer at the nursing station, and preparing tray items such as
those needed for an IV change and Tylenol. We utilized the pre-installed
software on the Temi robot without developing a custom program for
the scenarios. This software includes functions such as remote control,
collision prevention, video conferencing, and voice commands.

The usability assessment involved two scenarios using mobile robots.
Before developing the scenarios, the research team conducted a pre-
liminary needs assessment study to investigate the situations where
nurses felt the need for a robot and the functionalities they expected
from the robot [7]. The scenarios were then developed based on the
findings of this study, and the resulting scenarios were subsequently
reviewed and confirmed by two nursing college professors and two
nurses with over five years of clinical experience. Table 1 displays the
complete text of the scenarios and tasks employed in the examination.

After the survey on general characteristics and digital literacy, par-
ticipants received a brief (approximately 10 min) orientation on oper-
ating the mobile robot, including explanations about associated
scenarios and tasks. In Scenario 1, the mobile robot performs remote
rounds requesting necessary supplies while communicating with a nurse
at the station during nursing. In Scenario 2, the robot delivers medica-
tions requested by a patient without a nurse entering the room.
Following a 20-minute utilization of the mobile robot in accordance
with the provided scenarios, participants executed the designated tasks.
An adept research assistant, well-versed in the scenarios, assumed the
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Table 1
Preliminary test scenario and tasks for the mobile robot.

e Summary of the Scenario

The assessor is a nurse caring for an isolated patient. The assessor intends to use the
mobile robot for patient nursing.

Scenario 1)

The assessor is a COVID-19 ward nurse working the day shift. While performing their
rounds by remotely controlling the robot at the nursing station outside the cohort
isolation room (four-bed room), the assessor finds that the IV injection of the patient in
Bed 3 is dislocated. The assessor goes to the cohort isolation room, performs the
necessary action, and requests the necessary items from Nurse, who is outside the
isolation room using the robot.

Scenario 2)

The patient hospitalized in the isolation room self-measured his body temperature
through the eardrum and found it to be 38.5 °C. They request a video call to the
nursing station through the robot and report having a fever and a headache. The nurse
remotely controls the robot to move it to the front of the door and back toward the
patient, and pursuant to the doctor’s order, administers Tylenol without entering the
room. At the nursing station, the nurse checks the patient’s status and whether they
have consumed the medicine.

Tasks for Scenario 1

1 Log in to the Temi program installed on the laptop placed at the nursing station.

2 Make a video call to the robot in the cohort room using the Temi program
installed on the laptop at the nursing station.

3 Remotely control the robot and move it to Bed 3.

4 Check whether the patient has any problems through the video and voice
calling functions.

5 Regulate the volume of the microphone and speaker, if necessary, during the
conversation.

6 Determine whether the IV injection was dislocated. Send Temi to the docking

station and end the video call.

Wear the protective suit and enter the room with a tray prepared with IV items to

replace the existing ones.

7 Place the tray on the robot and use its tracking driving function to approach Bed
3 by touching the upper side of the robot’s monitor.

Confirm that the patient’s clothes and bed sheet need to be changed.

8 Make a video call to the station using the robot and ask for help from Nurse 1 by
saying, “I need a new bed sheet and patient clothes. Please come with those
items and help me.

9 Send the robot to the docking station and charge it by using the voice order
function (Hey, Temi, charge).

Tasks for Scenario 2

10  Using the laptop at the nursing station, take the video call with the robot in the
isolation room.

The patient self-measured their body temperature through the eardrum and found it to

be 38.5 °C; they are asking for Tylenol.

11  Ask the patient additional questions to check their current status.

12 Regulate the volume of the microphone and speaker, if necessary, during the
conversation.

13 Remotely, move the robot to the front of the door.

The nurse opens the door of the isolation room and places Tylenol on the robot.

14  The nurse returns to the station and remotely moves the robot back to the
patient.

15  Ask the patient additional questions via video call to check their status and
confirm whether they have taken the medicine.

16  End the video call and log out.

17  Remotely move the robot to the docking station and charge it.

role of a standard patient. To assess the usability of mobile robots using
the think-aloud protocol, every aspect of task performance was video-
recorded via a rear-mounted camera, and audio recordings were made
using a front-facing voice recorder. While executing the tasks, partici-
pants vocalized their experiences and perspectives, elucidating their
actions, motivations, and anticipated outcomes. After the test, an eval-
uation survey was administered, and a brief interview was conducted to
pinpoint any additional issues or areas for enhancement concerning
program usability. These interviews were conducted by one researcher
for each participant and lasted approximately 10 min. The interview
consisted of questions about participants’ experiences using the robot,
and all interviews were recorded. Another researcher wrote field notes,
including the participants’ facial expressions and actions during the
interviews, and used them as reference material when analyzing the
data.
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Fig. 2. Layout of the virtual four-bed cohort isolation room.

2.6. Measurements

Before the robot usage according to the scenarios, general charac-
teristics and digital literacy were measured. Digital literacy was assessed
to investigate whether there were differences in users’ evaluations of
usability based on it. After the robot usage, an interview was conducted
to explore the usability scale (perceived usefulness, perceived ease of
use, intention to use) and usage experience (Supplementary material 1).

2.6.1. Usability scale

No assessment tools in South Korea or abroad have been developed
and used for the objectives of this study; thus, a tool from a previous
study was adapted to suit the study objectives.

ePerceived usefulness: This concept refers to users’ perception of the
value of a service delivered to the client being superior to that of an
existing service. In this study, this concept refers to the perception of
how using mobile robots for communication inside and outside isolation
rooms could provide efficiency and effectiveness. Six items related to
perceived usefulness were measured using a modified technology
acceptance model (TAM), originally developed by Davis [21] and
revised and upgraded by Gagnon et al. [22]. For instance, the survey
item “The use of telemonitoring system is beneficial for the care of my
patients” from Gagnon et al. [22] was modified to assess the perceived
usefulness of the mobile robot in accordance with the purpose of this
study, becoming “The mobile robot’s communication feature will be
beneficial for the care of my patients.” This tool comprises a seven-point
Likert scale ranging from — 3, indicating “strongly disagree” to + 3,
indicating “strongly agree.” Cronbach’s o was 0.94 in Gagnon et al. [22]
and 0.82 in this study, indicating good internal consistency.

ePerceived ease of use: This concept refers to individuals’ degree of
perception about the convenience and ease of using a particular tech-
nology. In this study, this was defined as the level of perception the user
has about the convenience and ease of using ICT for communication
inside and outside the isolation room. Six items related to perceived ease
of use were measured using the modified TAM, originally developed by
Davis [21] and revised and upgraded by Gagnon et al. [22]. For instance,
the survey item “I think that I could easily learn how to use tele-
monitoring system” from Gagnon et al. [22] was modified to assess the
perceived ease of use of the mobile robot, becoming “I think that I easily
learned how to use the mobile robot.” This tool comprises a seven-point
Likert scale ranging from — 3, indicating “strongly disagree” to + 3,
indicating “strongly agree.” Cronbach’s a was 0.94 in Gagnon et al. [22]
and 0.89 in this study, indicating good internal consistency.

eIntention to use: This refers to users’ strength of intention to use,
representing users’ attitudes toward the information system, such as
reuse and recommendation intentions. Three items related to intention
were measured using the modified TAM, originally developed by Davis
[21] and revised and upgraded by Gagnon et al. [22]. For instance, the

240

Computational and Structural Biotechnology Journal 24 (2024) 237-246

survey item “I have the intention to use telemonitoring routinely for the
care of my patients” from Gagnon et al. [22] was modified to assess the
intention to use the mobile robot, becoming “I have the intention to use
the mobile robot routinely for the care of my patients.” Two items were
developed by Lewis [23]. This tool comprises a seven-point Likert scale
ranging from — 3, indicating “strongly disagree” to + 3, indicating
“strongly agree.” Cronbach’s a was 0.89 for the three items used in
Gagnon et al. [22] and 0.94 for the five items used in this study, indi-
cating excellent internal consistency.

2.6.2. Digital literacy

The technology domain of the digital literacy scale developed by
Kang [24] was used to compare the differences in ICT usability and
satisfaction based on digital literacy. This 22-item survey consisted of
nine items on the ability to use software, ten on the ability to use smart
devices, and three on the ability to use hardware, each rated on a
five-point scale. Cronbach’s o of the tool was 0.93 at the time of
development [24] and 0.92 in this study, indicating excellent internal
consistency.

2.6.3. Degree of difficulty of each task based on the scenario
The difficulty level of nine tasks based on the scenario was measured
from one point “very easy” to five points “very difficult.”

2.6.4. Interview questions

Structured open-ended questions were used to conduct individual
interviews on the advantages and disadvantages of implementing mo-
bile robots, and additional questions were asked based on the partici-
pants’ responses (Supplemental Table 2).

2.7. Data analysis

Quantitative data analysis was conducted using SPSS 24.0 (IBM,
Armonk, NY, USA). SPSS stands as a widely favored statistical software
program, extensively employed by healthcare professionals and re-
searchers in the field of health sciences [25]. It facilitates both para-
metric and non-parametric analyses, providing versatility in catering to
the needs of diverse analytical approaches [26]. Descriptive statistics
were used to derive real numbers, percentages, means, and standard
deviations for quantitative data. We used the Shapiro-Wilk test to test
the data distribution for normality. The Shapiro-Wilk normality test for
the usability scales and the degree of difficulties indicated a p-value less
than 0.05, indicating a non-normal distribution. As a result, the
Mann-Whitney U and Kruskal-Wallis tests were performed to investigate
the differences in usability and the degree of difficulties based on digital

Table 2
Participant characteristics (n = 30).
Characteristics n %
Gender Male 1 3.3
Female 29 96.7
Age (years) <30 19 63.3
> 30 11 36.7
Mean + SD 28.97 + 2.36
Hospital department ICU 9 30.0
Ward 17 56.7
ED 4 13.3
Work experience (years) <5 15 50.0
>5 15 50.0
Mean + SD 5.09 +2.74
Education B.S. 27 90.0
M.S. 3 10.0
Digital literacy <45 12 40.0
> 45 18 60.0
Mean + SD 4.42 £ 0.47

B.S., bachelor of science; ED, emergency department; ICU, intensive care unit;
M.S., master of science; SD, standard deviation.
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literacy and participants’ general characteristics. The Mann-Whitney U
test was used for the comparison of usability for two groups, while the
Kruskal-Wallis test was used for the comparison of scale scores for more
than two groups.

The participants’ statements, collected from the interviews during
the evaluation of robot usability, were analyzed using conventional
content analysis [27]. The transcribed data were read repeatedly, and
key concepts were classified and coded based on meaningful passages
and sentences. Codes with similar meanings were categorized into
sub-themes and the effects as well as limitations of utilizing mobile ro-
bots were derived as the final theme. The assessment was performed
based on four criteria including credibility, fittingness, auditability, and
confirmability to secure validity in the qualitative results.

To secure credibility, interviews were conducted in a comfortable
atmosphere. The interviews took place in a separate space where the
research team and participants could converse quietly. The content was
recorded to ensure that no data was omitted. To secure fittingness, data
were collected and used until saturation. To ensure auditability, all re-
cordings were transcribed, and the content analysis method was strictly
followed when analyzing the results. To ensure confirmability, the re-
sults were confirmed by members, and representative opinions on the
theme are presented in quotations to improve understanding [28].

2.8. Ethical considerations

This study was conducted after obtaining approval from the Insti-
tutional Review Board of Gachon University on December 13, 2022 (no.
1044396-202210-HR-200-01). The study was conducted only with
participants who gave informed consent for participation and completed
written consent. During the execution of the robot usage tasks, it was
clarified to participants that video and audio would be recorded using
the rear-mounted camera. The recorded video files and anonymized
transcriptions of the audio would be encrypted to ensure access only by
the researchers. It was explained to the participants that their identities
would be edited out to ensure non-identifiability when creating images
for describing the research process within the videos. Participants were
informed that they could withdraw participation at any time.

3. Results
3.1. General characteristics

The participants were 30 clinical nurses (29 women). Their mean age
was 28.97 + 2.36 years. Concerning department, 56.7% worked in the
general ward, 30.0% in the ICU, and 13.3% in the ED. The mean level of
experience was 5.09 + 2.74 years. Concerning education, 90% held a
bachelor’s degree. On average, participants demonstrated a high level of
digital literacy, scoring 4.42 + 0.47 out of 5, with software utilization
ability at 4.28 + 0.58 points, device utilization ability at 4.65 + 0.40
points, and hardware utilization ability at 4.10 £ 0.89 points (Table 2).

3.2. Assessment of functional difficulty according to mobile robot scenario

For each scenario, difficulty was measured on a scale of 1 to 5, in
which 1 is very easy and 5 is very difficult. All participants could use the
functions easily without difficulty, as the difficulty of using Temi was
1.32 + 0.42 points and 1.23 + 0.37 points on average for Scenario 1 and
Scenario 2, respectively, with an overall mean of 1.28 + 0.38 points
(Table 3, Fig. 3, Fig. 4). The task with the highest difficulty was “Send
Temi to Home base / End the video call (1.47 + 0.68),” followed by
“Make a video call to the station by Temi (1.40 + 0.50).” There were no
significant differences in difficulty according to participants’ general
characteristics or digital literacy (Supplemental Table 3).
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Table 3
Degree of task difficulty in mobile robot scenarios.

Functionality Degree of difficulty
Mean Max Min
+ SD
Scenario 1
1 Log in 1.30 3.00 1.00
+ 0.60
2 Make a video call 1.23 2.00 1.00
+0.43
3 Remotely control the robot / move it to bed #3 1.30 2.00 1.00
+0.47
4 Check if anything makes the patient 1.37 3.00 1.00
uncomfortable +0.61
5 Regulate microphone & speaker volume 1.27 2.00 1.00
+0.45
6 Send Temi to home base / End the video call 1.47 4.00 1.00
+ 0.68
7 Place the tray on Temi / Command Temi to 1.37 3.00 1.00
move to bed #3 +0.61
8 Make a video call to the station using Temi 1.40 2.00 1.00
+ 0.50
9 Give the voice command / Send Temi to its 1.27 2.00 1.00
home base for charging + 0.45
Sub-total (Scenario 1) 1.32 £ 0.42
Scenario 2 (One bed isolation room)
10  Receive a video call at the station initiated 1.17 2.00 1.00
through Temi +0.38
11 Conduct an extra examination 1.27 2.00 1.00
+0.45
12 Adjust the volume of the microphone & speaker ~ 1.20 2.00 1.00
+0.41
13 Remotely control Temi to move it in front of 1.23 2.00 1.00
patient’s room +0.43
14  Remotely control Temi to move it back to the 1.30 2.00 1.00
patient + 0.47
15  Check the patient’s condition / Check the 1.30 2.00 1.00
patient’s medication by video +0.47
16  End the video call / log out 1.20 2.00 1.00
+0.41
17  Send Temi to the home base for charging 1.20 2.00 1.00
+0.41
Sub-total (Scenario 2) 1.23 +£0.37
Total 1.28 +0.38

3.3. Usability of mobile robot

The perceived usefulness of the mobile robot was 2.47 + 0.51 points
on average, while the perceived ease of use and intention to use were
2.58 + 0.57 and 2.36 + 0.84 points on average, respectively, indicating
not only high perceived usefulness and ease of use but also a strong
intention to use. When differences in usability were analyzed according
to the general characteristics of participants and digital literacy, no
significant differences were observed (Table 4).

3.4. Clinical nurses’ robot use experience

In addition to the high usability shown in the quantitative results of
this study, the opinions of participants supporting the usefulness of the
robot use scenario were confirmed through interviews. Furthermore,
specific aspects and considerations for the clinical application of the
robot, which were challenging to derive through quantitative results,
were supplemented through interviews. The expectations and limita-
tions of using mobile robots in nursing situations were identified based
on the usage experience of 30 nurses. Two themes were identified,
which were “catalysts for efficient nursing” and “improvements for
clinical nursing application (Table 5).”

3.4.1. Catalysts for efficient nursing
The nurses evaluated the usability of robots in the presented scenario
highly as indicated by the survey results, expressing interest in the
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Fig. 3. Simulation setting and mobile robot: (a) Medical staff outside the isolation room displayed on the robot screen, (b) Communication between the isolation
room and the outside through the robot, (c) Remote consultation from outside the isolation room, (d) Video calls between the patient and the outside of the isolation
room, (e) Robot delivering medication along mapped paths, (f) Robot autonomously tracking medical staff without physical contact.

one point "very easy" to
five point "very difficult”

15
145
14
135
13
) I I I I
12
Send Temi to  Make a video Check patient's Place the tray =~ Control the Remote control Check patient's Log in
home base / call to station uncomfortable on Temi/  robot remotely Temi for move  condition /
End the video by Temi things Command Temi / move to bed  to patient ~ Check patient's
call to move to #3 medication by
bed#3 video
Fig. 4. Functional difficulty according to mobile robot scenario.
potential use of robots in a hospital setting. The nurses found it inter- and improve efficiency after experiencing the role of the robots in aiding
esting that robots can be used in the hospital setting, stating that elim- real-time communication with patients in the isolation room and per-
inating the need to put on and take off a uniform was the advantage. forming simple and repetitive isolation room duties.

They were hoping that the robots could be used to reduce their workload
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Table 4
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Perceived usefulness, perceived ease of use, and intention to use of the mobile robot.

Categories Usability evaluation
Usefulness Ease of use Intention to use
Mean + SD p Mean + SD p Mean =+ SD P
Gender Male 2.83 3.00 2.80
Female 2.46 + 0.52 2.56 + 0.58 2.34 +£0.85
Age (years) <30 2.43 £ 0.56 727% 2.59 + 0.61 .705% 2.19 £ 0.95 .238*
> 30 2.55 +0.43 2.56 + 0.54 2.65 £ 0.52
Hospital department ICU 2.17 + 0.65 281 2.48 +0.75 520 1.82 +0.99 .096
Ward 2.58 + 0.42 2.58 + 0.52 2.50 +0.71
ED 2.70 £0.29 2.79 £ 0.42 2.95 £ 0.10
Region Seoul 2.17 + 0.52 421 2.41 +0.48 372 2.40 + 0.71 467
Incheon 2.50 £ 0.52 2.55 + 0.64 2.25+0.91
Other 2.58 £+ 0.51 2.78 £ 0.36 2.70 £ 0.64
Education B.S. 2.46 + 0.54 .889% 2.59 + 0.58 .542% 2.29 + 0.85 .080*
M.S. 2.61 +0.26 2.44 +0.59 3.00 + 0.00
Work experience (year) <5 2.32£0.51 .071*% 2.50 £0.70 796 217 £0.84 .076*
>5 2.62 + 0.49 2.65 + 0.42 2.55 + 0.82
Digital literacy <45 2.36 + 0.56 .345* 2.64 +0.43 913~ 2.50 + 0.67 .865*
> 4.5 2.55 +0.48 2.54 + 0.66 2.27 + 0.94

B.S., bachelor of science; ED, emergency department; ICU, intensive care unit; M.S., master of science; SD, standard deviation.

" Mann-Whitney U test
" Kruskall-Wallis test

Table 5
Clinical nurses’ robot use experience.

Themes Sub-themes Codes

Catalysts for
efficient nursing

Performing a safe helper
role for nursing work

Replaces personnel in simple
task performance (e.g.,
delivering water or toilet
paper, emptying trash cans,
etc.)

Eliminates the repetitive
donning and doffing of the
protective gown/suit
Alternative to manpower
shortages

Minimizes the possibility of
infection transmission

Clear communication
through voice and video
Enhances interaction
between patient and nurse
Slow movements, unsuitable
for busy clinical settings
Traffic lines in hospitals are
complicated for robots to
navigate

Nurses are accustomed to
performing direct care
Patients who want an
immediate solution from a
nurse

Older patients who are not
familiar with machines
Nurses’ ability to understand
patients’ needs

Economic burden of using
expensive equipment
Worrying about breakdowns
when using at night or on
weekends

Anxiety about patient safety
issues owing to machine
failure (e.g., medication
delivery error in a shared
room)

Utilization as a real-time
communication channel

Improvements in
clinical nursing
application

Nursing competency of
mobile robot, which is
difficult to operate in an
emergency

Conflict with the needs of
patients seeking human
nurses

Nurses’ negative perception
of robot use

1) Performing a safe helper role for nursing work
Nurses believed that the robot could perform simple assisting
duties or repetitive duties and supply management that need not be
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performed by the nurses. They were expecting improved efficiency in
nursing work as robots could fill in for the lack of human resources in
clinical settings.

It was interesting to see the robot deliver the necessary supplies to
the patient on its own. When caring for an isolated patient, it takes a
long time to get in and out of the level D gear and it’s hot and
strenuous. I also worry about being the source of infection. The robot
can perform simple duties like delivering water or toilet paper to the
patient in the isolation room. It saves time and saves the energy of
the nurses—I think it can be very useful considering work efficiency.
(Participant 21)

Specifically, participants emphasized that voice commands and
automatic docking charging methods are ways to use the robot more
conveniently.

Nurses are busy with work and from our standpoint, it would be
very convenient if we could move or operate the robot with voice
commands without touching it because we can then use it without
any concerns for cross-contamination in the isolation room and it can
move itself to the docking station to get charged once the work has
been performed. (Participant 17)

2) Utilization as a real-time communication channel

—

Nurses mentioned the advantage of enhanced interaction with pa-
tients, as the robot helps in checking the patient both visually and by
voice as it moves around the patient in the isolation room. They said that
it had the same effect as assessing the patient in person since the patient
could be identified through the robot by means of screen sharing.

I think it’s useful because I feel like I am talking to the patient face-to-
face when the robot directly shares the screen around the patient. It is
vital for the isolation room that without the medical staff actually going
into the room, the robot is in the isolation room and that it can
communicate in real-time with the medical staff who are outside the
room. There are numerous limitations in communications in the isola-
tion room since we have to put on the protective gear plus the face mask.
It’s also better for the patient because now there is a way to communi-
cate more clearly face-to-face through the robot. (Participant 18).

Specifically, the function of the robot changing the angle according
to the speaker’s direction allows the camera to show the patient or nurse
more accurately in the isolation room without the user having to operate
it, which improves the sense of having a real conversation.

I really like the function that the robot faces the direction of the
command when a voice command is given or during video calls. There is
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no need to adjust the direction of the camera by touching the robot since
the robot recognizes the sound source and changes its orientation, which
gives the feeling of having a conversation in the same space. (Participant
5).

3.4.2. Improvements in clinical nursing application

Nurses were concerned about the nursing competence of the robot in
terms of difficulty in responding to emergencies that could occur in
hospital settings and mentioned difficulties in clinical application in
light of patients’ needs for human care rather than machine care.
Further, nurses also worried about using a high-cost robot and for pa-
tient safety.

1) Nursing competency of mobile robots and potential difficulty in
dealing with emergencies

The nurses mentioned that the robot moves slowly in a fast-paced
clinical setting and that it could trip on power cords.

It is difficult to use it in a department where there are many CPR
cases with complicated movement lines, although I think it can be
used in a stable ward without too many changes or in a children’s
ward as they could find it interesting. The nurses who are in a rush
prefer to do the work themselves rather than give commands to the
robot. (Participant 9)

2) Conflict with the needs of patients seeking human nurses

Nurses believed that the robots could not replace them in
providing emotional support to patients who demanded it. They said
that patients who need someone to solve their issues immediately
require a human nurse rather than a robot and that it was unlikely
that the robot could replace the unique role of the nurses.

There are many elderly patients in the hospital who prefer to talk
to human nurses. They become anxious about not seeing the nurses
in person and could complain that a robot is sent for them instead of a
real nurse. In reality, patients often feel better when the nurses listen
to them and touch them, but this cannot be done by the robot.
(Participant 30)

3) Nurses’ negative perception of robot use

As the use of mobile robots has not been commercialized in clinical
settings yet, the nurses were worried about the cost burden of the
expensive equipment. Despite evaluating the robot as easy to use and
user-friendly through the survey, they expressed concern about older
nurses with potentially lower digital literacy or limited technological
experience adapting to using the robot. Further, they were worried
about any issues in patient safety owing to the robot’s mistake or mal-
function over the weekend or at nighttime. They mentioned that there
needs to be a clear demonstration of safety while promoting the use of
robots to overcome this.

There is the cost burden for repair when broken since the robot is
expensive; older nurses could take time to get used to the robot since
they prefer to stick to familiar things. Further, I worry that it could be
harmful to patients in case of any errors. As rooms with multiple beds
are common in South Korea, I am concerned that a drug could be
delivered to Patient B instead of Patient A. It would be nice to have a
safety system like RFID or something that could identify the patient. As it
is not widely used in hospitals, I think safety has to be demonstrated.
(Participant 15).

4. Discussion

This study assessed the usability of mobile robots based on the sce-
narios in a simulation center that implemented a hospital setting with
nurses who have experience with caring for patients in the isolation
room. When the level of difficulty for each function of the robot was
evaluated by the task of different scenarios, the nurses could complete
all tasks without difficulty. Therefore, there was no difference in the
difficulty of each function of the robot due to nurses’ general
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characteristics or digital literacy. Although the criteria for assessing the
level of digital literacy were not explicitly stated during the tool’s
development [24], a score of 4 or higher was interpreted as a high level
in the tool development study. The average digital literacy score of the
participants in this study was 4.42 + 0.47, indicating a high level.
Nurses with a relatively high level of digital literacy used the mobile
robot without difficulty; however, concerns were raised during the in-
terviews regarding potential difficulties for nurses with limited tech-
nological experience. Further research is needed to investigate the
seamless use of robots among nurses with diverse levels of digital lit-
eracy or technological proficiency.

Nurses successfully performed tasks related to the robot’s functions
and rated the difficulty uniformly. However, in interviews, they
expressed some difficulty with tasks associated with voice commands
and remote control. In previous studies evaluating the usability of robots
in hospital environments, remote control and voice commands were
reported to potentially pose a greater difficulty compared to other tasks
[29,30]. However, after brief training on usage, the medical staff could
comfortably use most functions without significant difficulty. Voice
commands are critical in reducing cross-contamination since they allow
the operation of the robot without direct contact [31]. While performing
other nursing tasks, the efficiency of nursing can be increased by calling
the robot using a starter word, moving the robot using voice commands,
or communicating with the outside world through the telepresence
function. Thus, it is necessary to present a variety of cases when
providing training for robot use so that voice commands can be appro-
priately used between patients and nurses.

Usability evaluation was high as the result was 2 points and above on
a seven-point scale from — 3 to 3. This is similar to the findings of Lee
et al. [32], where nurses provided positive feedback on using the robot
system. This indicates the nurses’ acceptance of automating the health
care system through robots, particularly when experiencing a pandemic
[33]. In general, accepting the use of robots in the public healthcare field
requires the motivation of the user, ease of use, and physical/emotional
comfort [34]. Nurses agreed on the utilization of the robot in the
isolation room based on the various functions of the robot according to
the scenarios. They experienced the advantages of the robot through the
convenience of function, such as operating smoothly according to the
commands or instructions of the user, moving through the mapped
routes, and docking automatically at the charging station. However, in a
previous study, patients rated the perceived ease of use of robots below
average, unlike nurses, due to their lack of technological experience and
concerns about the reliability and safety of the robot [33]. While this
study focused on evaluating the usefulness and usability of robots from
the perspective of nurses, patients, as the other users of robots in hos-
pital rooms, need to be surveyed for their requirements and
expectations.

Nurses both looked forward to improved nursing efficiency through
support from the robot in the isolation room and expressed concern
concurrently. Specifically, they were hoping the robot could perform the
role of the safe helper in delivering supplies and performing repetitive
tasks. It is appropriate to delegate simple, repetitive tasks in the robot
systemization of nursing work so that any work outside of patient con-
tact time can be reduced [12]. To do this, tasks that can be performed by
the robot need to be defined first based on a detailed analysis of nursing
work and understanding of nursing techniques. Particularly, caution
must be used so that the robot does not interfere with the nature and
value of nursing [35]. In clinical settings, patient care by robots and
cases requiring human interaction must be clearly identified [36]. First,
the scope of use and guidelines must be prepared for the robot’s work by
looking for ways to utilize the robot in tasks that do not have a direct
effect on patient health indicators and involve risk factors when directly
performed by the nurses.

Being treated in isolation rooms or reverse isolation rooms can be
associated with high levels of anxiety, and the call bells that allow
communication by voice have limitations in meeting the purpose of
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emotional care [37]. Thus, clearer and more reliable communication
was only possible when the robot turned to the source of the sound and
allowed the nurses to see the faces of patients in this study. Communi-
cation occurs within human relationships, so there is a negative view
regarding the substitution of this role by scientific technology [38];
however, interest in emotional communication using robots has been
increasing recently [39]. Among older adults in nursing homes,
communicative robots reduce their psychosocial burden and help in-
crease verbal and behavioral engagement [40]. Further, having a com-
forting conversation with robots that use an emotional voice can be
effective in providing encouragement and empathy to participants [41].
These findings are similar to the positive effect of communication
identified in the current study and are the basis for considering the
utilization of robots to provide emotional care to patients in isolation. In
addition, a study performed in a long-term care facility in Japan [42]
reported a workload-reducing effect on night-shift nurses by introducing
a communicative robot. Currently, there is a lack of consensus on the
communicative effects of the robot on communication between patients
and medical staff—assessment of the effect on the communication be-
tween patients and medical staff in various environments is necessary to
provide appropriate support.

Some participating nurses remarked that patients prefer humans to
machines, noting limitations in offering emotional support through a
robot. Prioritizing automation with robots and efficiency as a means of
replacing nurses could potentially neglect the nursing values of
empathy, diplomacy, and personalized considerations for patients [13,
43]. However, the introduction of robots into nursing should be in an
auxiliary role to nurses and not as a complete replacement for them.
Categories of utilizing robot systems in nursing are diverse, including
information and patient data processing, assistance with patient activ-
ities, monitoring, telepresence, communication, safety and navigation
[44]. A previous study showed that using a meal assistant robot created
a more private and independent eating environment and patients
comfortably accepted the robot [45], while another previous study
showed patients positively accepting robots instead of fearing them
[46], which suggests that there could be a gap between robot acceptance
by patients as imagined by medical staff and the actual reality. Some
argue that the robot itself does not need social skills, empathy, or
emotions to support the user [35]. When using robots, it is important to
carefully consider the interaction between the robot and nursing situa-
tions in social contexts without being restricted by ethical biases
regarding the risk of isolation of humans [35].

The limitations of using robots as identified in this study include
difficulty in determining the appropriate speed of the robot, errors in the
robot’s routes owing to the changing environment of the hospital
following the placement of things or equipment, and the robot becoming
an obstacle in an emergency. The current robot system developed to help
with nursing tasks is not in general use owing to high costs, difficult
operational methods, and large volume [12]. However, the robots being
used in hospitals recently can detect people or obstacles in a crowded
facility and reduce speed, avoid or stop voluntarily [47]. Using the pe-
riodic automated re-mapping function, it can serve as a nursing assistant
by following preset routes in an isolation or reverse isolation environ-
ment to monitor patients in real-time and check on the safety of patients
[35]. The usage of robots in the field of nursing should not be viewed as
completely good or bad but from a variety of different perspectives [48].
Rather than the critical view that the introduction of robots violates
nursing values, such as human dignity, personal privacy, autonomy,
commitment, human relationship, compassion, and communication, a
practical strategy is needed for integrating robotic technology into the
area of patient care with open-mindedness and overcoming its short-
comings [46]. Specifically, efforts are required to set standards and
prepare usage regulations to minimize expected risks by planning sce-
narios to reflect clinical settings in which the robot will be performing
tasks prior to introducing it to the medical institution. In addition,
introducing the robot when the medical institution is not prepared could
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lead to various problems for patients and the medical staff. Reinforcing
the standard competence of nurses and nursing students as well as
thorough preparation and training for using the new technology are
required for accepting and interacting with the robot [37,45].

This study has several limitations. First, the robot usability assess-
ment from the perspective of the patient was not performed as we only
assessed nurses’ perspectives. As such, an assessment of specific effects
such as communication, anxiety, self-efficacy, and emotional support
must be conducted in addition to the usability assessment by the patient
to reflect various perspectives concerning using the robot. Second, this
study conducted a usability assessment with two scenarios, but a new
scenario reflecting special circumstances such as the ED or the ICU must
be developed in the future to identify the feasibility of using robots and
their clinical effects by running a simulation module suitable for each
department. Third, an interview guide was created with open-ended
questions to obtain the participants’ free thoughts, but this has limita-
tions in that valuable insights may be missed in the interview, or more
complex issues related to robot implementation, such as difficulties with
specific functionalities or aspects of the robot’s design, may not be
captured. Accordingly, to elicit in-depth and diverse answers from
participants regarding robot use, it is necessary to develop more detailed
follow-up questions and conduct interviews with sufficient time. Finally,
this study assessed mobile robot use with two scenarios involving 30
nurses in a limited simulation environment. Thus, mobile robot usage
cannot be expanded and implemented in actual hospital isolation set-
tings. Therefore, further evaluations are needed, taking into consider-
ation the physical environment and users.

5. Conclusions

When the mobile robot was assessed by nurses based on scenarios,
the nurses gave positive assessments with high usability regardless of
their general characteristics. This is expected to provide effective sup-
port in isolation-room care. The introduction of robotic technology is
anticipated to enhance agility and efficiency in nursing practices. A well-
designed contextualized robot can perform simple tasks and help nurses
to spend more time on patient care. Simultaneously, these changes de-
mand new expertise and technological competencies from nurses.
Redefining the role of nurses and the preparation of clinical nurses are
critical to safely use robots in nursing in line with the advancement in
scientific technology. Nurses need to continually improve their under-
standing and acquisition of skills for the latest technologies. In this
manner, they will be able to effectively perform their role in patient care
in the future healthcare environment by collaborating with robots and
leveraging technological capabilities. However, nurses are not mere
technicians operating the robots—they need to have a clear identity as
caregivers. Studies on the effects of communication through robots show
contrasting results; thus, additional research is necessary in various
contexts to reinforce the basis for the effects of communication. The
results of this study highlight the need to address factors that hinder
communication through robots, especially considering how to meet the
demands of patients who require human care and the challenges of
managing robots. Therefore, it is essential to proactively apply robots in
clinical settings where their capabilities can be best leveraged.

In a future study, building upon the positively evaluated scenarios by
nurses, we plan to explore the practical application of robots in clinical
settings. This will involve addressing issues related to robot manage-
ment and safety, implementing appropriate direct nursing and robot-
assisted nursing distribution based on patient demands. The aim in
that study will be to evaluate the efficiency of nursing practices in real
clinical environments through the integration of robots. This research
will contribute to a comprehensive understanding of the practical im-
plications and effectiveness of implementing robots in nursing, extend-
ing beyond the scope of the preliminary study and providing valuable
insights for future healthcare practices and research.
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