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The Purpose of Bedside Robots

Exploring the Needs of Inpatients and Healthcare Professionals

Hyeongsuk Lee, PhD, RN, Meihua Piao, PhD, RN, Jisan Lee, PhD, RN, Ahjung Byun, MSN, RN, Jeongeun Kim, PhD, RN

Robotic systems are used to support inpatients and health-
care professionals and to improve the efficiency and quality
of nursing. There is a lack of scientific literature on how ap-
plied robotic systems can be used to support inpatients. This
study uses surveys and focus group interviews to identify
the necessary aspects and functions of bedside robots for
inpatients. A total of 90 healthcare professionals and 108
inpatients completed the questionnaire, and four physi-
cians and five nurses participated in the focus group inter-
views. The most highly desired functionalities were related
to patient care and monitoring, including alerting staff, mea-
suring vital signs, and sensing falls. Nurses and physicians
reported different needs for human-robot interaction. Nurses
valued robotic functions such as nonverbal expression recogni-
tion, automatic movement, content suggestion, and emotional
expressions. The results of the patients' open-ended ques-
tions and healthcare professionals' focus groups indicate that
the purpose of the robots should primarily be treatment and
nursing. Participants believe bedside robots would be helpful
but have concerns regarding safety and utility. This study at-
tempts to determine which aspects of robots may increase
their acceptance. Our findings suggest that if robots are
used in healthcare institutions, they may improve the ef-
fectiveness of care.

KEY WORDS: Artificial intelligence, Inpatients, Needs
assessment, Point-of-care systems, Robotics

ith the development of information and communi-
cation technology comes the increasing use of ro-
bots in healthcare. Scholars expect that eventually
artificial intelligence (AI) will be used to support healthcare
professionals and to improve the efficiency of medical treatment
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and nursing.! While AT is sometimes used in homes and long-
term care facilities, few studies have examined how this tech-
nology can be used within the hospital environment. For
example, using human-robot interaction (HRI) with inpatient
bedside terminals may provide patients with better emotional
support and allow them to be more proactive during their
hospital stay.

Point of care (POC) is defined as the timely provision of
medical services to a patient.” This approach prioritizes
quick determination of a patient's needs and proper care
and nursing. These needs can be either physical or emo-
tional; the two are inseparable, according to the holistic
view of nursing.® For example, inpatients and their guard-
ians often feel anxiety or fear due to the lack of information
regarding a patient's condition and/or expected treatment.
This may cause them to become more passive or dependent
on hospital staff; however, healthcare professionals often find
it difficult to devote enough time to providing patients with
the necessary emotional support. To rectify this, several health-
care institutions, both in Korea and overseas, have introduced
tablet PC-type bedside terminals to provide inpatients with por-
tal and better POC services.* Although the detailed functions
vary by system, these portals typically provide medical informa-
tion, Web access, and TV services.”

However, despite the growing use of such systems, there 1s
a lack of scientific literature on how applied robotic systems
can be used to support inpatients. Before Al is better integrated
into healthcare, research must consider a diverse range of fac-
tors to aid users' acceptance and use of robots. This necessitates
conducting research on users' needs to better understand such
systems' requirements and functions,”® as well as viewpoints
of healthcare professionals, since they understand the environ-
ment in which the robots will be operating.” To this end, this
study used surveys and focus group interviews to identify the
necessary aspects and functions of bedside robots for inpa-
tients, thereby providing basic data for constructing actual
Al systems and evaluating their effectiveness.

METHODS

In this study, a survey was conducted to collect data on the
needs of inpatients and healthcare professionals, better under-
stand how bedside robots could fill these needs, and identify
issues in implementing such technology. The researchers first
conducted online surveys to collect quantitative data and
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followed these up with focus group interviews to collect qualita-
tive data.'” The online survey and interviews received approval
from the institutional review board of the Seoul National
University Hospital (H-1607-174-779).

Participants

The selection criteria for survey respondents were based on
convenience sampling. All respondents were adult males and
females who agreed to participate in the survey. They were
either healthcare professionals (ie, physicians and nurses)
or currently admitted hospital inpatients. The survey period
was October to November 2016.

Survey respondents were recruited through a bulletin
board notice titled “Call for Research Participants” posted
in a university hospital in Korea. The notice asked people to
visit a given Web link with additional instructions, and those
who agreed to participate were invited to complete the survey.
There were 315 surveys logged; incomplete and insincere re-
sponses were excluded, resulting in a total of 198 respondents
(90 healthcare professionals and 108 inpatients).

The researchers then selected participants for the focus
group interviews using snowball sampling. All respondents
were healthcare professionals currently employed by healthcare
nstitutions. The participants were divided into two groups,
physicians (four individuals) and nurses (five individuals), and
attended two sets of interviews in September and October 2016.

Quantitative Data

The initial online questionnaire, developed by researchers in
healthcare and nursing informatics, contained 40 questions re-
lated to bedside robots' essential features and functions
(Table 1).>'"'2 To verify the survey's validity, six experts, in-
cluding professors in medical and nursing informatics, reviewed
its contents and construction. In addition, the researchers distrib-
uted a preliminary questionnaire to 10 graduate students in nurs-
ing informatics, and the final questionnaire was revised to
address their comments on the survey's readability.

Respondents were asked how important they felt the fol-
lowing functions of bedside robots to be: measurement and
monitoring, alarm and warning, educational and consulta-
tion support, entertainment and convenience, user interface,
HRI, and safety features (Table 1). Responses were measured
using a 4-point Likert scale ranging from “not important at
all” (1) to “very important” (4). For inpatients, the online
questionnaire also included open-ended questions about
the advantages and limitations of bedside robots.

Prior to the online survey, participants viewed a short,
approximately 2-minute video explaining the bedside robot
(Figure 1). They could access questionnaires either through
quick response (QR) codes or typing in the URL and were
able to complete the survey at any time or place, thereby ensur-
ing privacy and honesty. Only participants who agreed to the
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mstructions were invited to complete the survey. If someone
tried to take the survey twice, he/she received a message in-
dicating that the questionnaire was already completed, thus
blocking access to the questionnaire response page and prevent-
ing duplicate responses. The questionnaire was administered
using the online survey site SurveyMonkey (SurveyMonkey,
San Mateo, CA; https://ko.surveymonkey.com).

Results were processed using IBM SPSS Statistics version
22.0 IBM, Armonk, NY). Questionnaire items related to
the bedside robots' essential elements and functions were
analyzed using constants, percentages, means, and standard
deviations. A ¢ test was used to analyze the different needs
of healthcare professionals and inpatients as well as of phy-
sicians and nurses.

Qualitative Data

The researchers then collected qualitative data through focus
group interviews. All participating healthcare professionals
provided consent to participate, and they were presented with
structured open-ended questions regarding their needs and
the possible issues when instituting a bedside robot system.

Prior to the interviews, participants viewed a short, ap-
proximately 2-minute video explaining the bedside robot
(Figure 1). Each group interview was 60 to 90 minutes long
and ended once the conversation no longer yielded new
ideas or opinions (saturation of themes). Each focus group
was recorded in its entirety, with the researchers writing ad-
ditional memos when necessary. In order to remove bias and
improve the reliability and validity of the results, a team
consisting of two or more researchers, including the moder-
ator and research assistants in charge of field notes, attended
the interviews, allowing for researcher triangulation.'” Inter-
view questions were based on previous research®'* ' and
included the following open-ended items:

* What do you expect to happen if bedside robots are devel-

oped and applied?

* How do you think bedside robots will help patients?

* How do you think bedside robots will help healthcare

professionals?

* What external form should the bedside robot have?

* What are the possible administrative problems with a

bedside robot?

* What are the possible clinical problems with a bedside robot?

* What are the possible barriers to using bedside robots

in the present situation?

The researchers then transcribed all recordings and marked
meaningful words and sentences, which were then categorized
based on similar concepts. These data were then reviewed
to determine similarities and differences as well as meanings
and structures. In this manner, the researchers were able to
identify what healthcare professionals believed to be the essen-
tial functions of and expected issues with bedside robots.

CIN: Computers, Informatics, Nursing 9
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Table 1. Questionnaire Categories

Continuous monitoring of blood pressure

Consultation support: x-rays and computed tomography scans at the patient's bedside
Educational resource (eg, tips for a healthy lifestyle)

Context-aware interaction (eg, “It is time for dinner. Enjoy your meal.”)

Voice recognition (in case it is difficult for users to use touchscreen)
Ability to recognize nonverbal expressions (ie, recognize emotion from a patient's facial

1 Measurement and monitoring 8
Access to vital sign data
Feedback on activity level
2  Alarm, warning 7 Call bell
Fall detection
Posture recognition
3 Education, consultation, and 4
support
4  Entertainment and convenience 6 Real-time menu selections
Internet access
5  User interface 6 Touchscreen
Frequently used functions
6 HRI 7
expression)
7 Safety-related features 2

Collision avoidance (ie, sensor to prevent collision)

Antimicrobial material

Total no. of items

For analysis, answers to the open-ended questions from the
questionnaire for the inpatients were categorized after gaining
a complete understanding of them through repeated reading.

Results

Survey Participants

A total of 90 healthcare professionals and 108 inpatients
completed the questionnaire. Of the 90 healthcare profes-
sionals, 43.3% were physicians, and 56.7% were nurses;
65.6% were females, and the mean age was 32 £ 6.5 years.
Physicians had a variety of specialties, including respira-
tory medicine and surgery, and the nurses also worked in
various departments, such as the ICU, internal medicine

40

ward, and emergency room. Of the 108 inpatients who
participated, 57.4% were females, and mean age was
44.1 £ 15.0 years. They were admitted to various de-
partments, including digestive internal medicine, he-
matology, and oncology (Table 2).

Differences Between Inpatients and Healthcare
Professionals

The 10 uses or traits of bedside robots ranked most important
by both inpatients and healthcare professionals were as
follows (in order from most important to least important):
emergency alerts, calling nurses, taking vital signs, moni-
toring blood pressure, monitoring heart rate, detecting falls,

FIGURE 1. Screenshots of video clips used.
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Table 2. Survey Participants

Healthcare professionals (n = 90)

Gender Male 31 344
Female 518) 65.6
Age (y) Mean + SD 32.0+65
Position Physician 39 433
Nurse 51 56.7
Specialty (physicians only)  Respiratory 5 12.82
Surgery 5 12.82
Plastic surgery 4 10.26
Family medicine 3 7.69
Pediatrics S 7.69
Neurology 2 .48
Emergency medicine 2 B[S
Rehabilitation 2 51318
medicine
Orthopedics 2 5.13
Other 11 28.16
Departments (nurses only, ICU 13 2321
duplicate responses Internal medicine 11 19.64
accepted) Emergency room 7 12.5
Surgery 6 10.71
Pediatrics 4 714
Outpatient 3 5.36
Other 7 2144
Inpatients (n = 108)
Gender Male 46 426
Female 62 57.4
Age (y) Mean + SD 441 + 15.0
Departments (top 5) Gastroenterology 9 8.3
Hemato-oncology 7 6.5
Respiratory 7 6.5
Neurology 7 6.5
General surgery 6 5.6

made of an antimicrobial material, providing consultation
support for viewing medical records, measuring oxygen sat-
uration, and taking patients' temperature.

In most cases, healthcare professionals scored these items
higher than inpatients did. Items with statistically significant
differences included taking vital signs (P = .001), detecting
falls (P < .001), measuring oxygen saturation (P < .001),
having a zoomable screen (P = .039), having a touchscreen
(P =.023), having a camera (P < .001), recognizing posture
(P < .001), transmitting text (P = .001), and serving as an
educational resource (P < .001), all of which showed a higher
demand from healthcare professionals than inpatients (T'able 3).

Differences Between Nurses and Physicians

Nurses generally reported a higher need for bedside robots
than physicians. This included statistically significant differ-
ences in the need for emergency alerts (P = .002), taking vital
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signs (P = .008), providing consultation support for viewing
medical records (P = .024), measuring oxygen saturation
(P =.011), including voice recognition (£ = .002), including
manual movement control (£ = .006), including a list of fa-
vorite functions (P = .043), recognizing patient posture
(P =.012), serving as an educational resource (P = .026),
recognizing nonverbal expressions (P < .001), moving auto-
matically (P = .004), providing content suggestions for patient
preferences (P = .020), and being able to make emotional
expressions (P = .031) (Table 3).

Healthcare Professionals' Focus Groups

The thematic analysis of the focus group interviews with
five nurses and four physicians yielded four themes: func-
tions for assessment of patients, convenience for patients
and healthcare professionals, shape and movement, and
expected issues.

Functions for Assessment of Patients

Interviewees agreed that the most important function of ro-
bots was the ability to assist in patient treatment and support
their safety. In particular, they considered that monitor-
ing patient safety and predicting events, such as accidents
(ie, falls) and pressure ulcers, which can prolong patients'
stays and lead to death or injury, would be quite helpful.
One respondent remarked:

What if we use [the robot] as a tool to enhance patient safety? Falls
and pressure ulcers are_factors that evaluate the quality of nursing.
Nurses cannot continuously keep an eye on at-risk patients; therefore,
if there were alarms telling us to change the postures of patients at risk
of pressure ulcers or sense the risk of falls, it would be quite helpful.

Other participants mentioned the usefulness of display
screens that provide notifications when a patient is in
pain or send a photo and video to a patient's electronic
medical record.

Functions for Convenience for Patients and

Healthcare Professionals

Other common desires for bedside robots were the ability to
help patient support functions, such as wayfinding (ie, helping
patients reach check-up rooms and notifying them of appoint-
ments), notifying patients of drug dosing and meal times, and
other tools to help patients live independent lives while at the
hospital. Medical professionals who worked in ICUs and iso-
lation rooms mentioned the utility of functions, such as video-
assisted visits that help family members visit patients without
the risk of infections and video recording of medical rounds
or treatment requiring repetitive education. Others hoped
that the robots could support healthcare professionals’ work
by explaining medicines, test results, real-time diet selection,
and task reminders. For example, one respondent remarked:

CIN: Computers, Informatics, Nursing 11

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



ARTICLE

(a8ed 1xau uo panunuo))

€8TT
86TC
9ET'0~
TSET
0E6'C
0S80
JT80Y
TST0-
LIST
9UTT
0.2T
Y150
+895°C
I=loke
.L08T
¥88°0
¥88°0
9€8'T
9€TT
0297
G8.'0
6S8'T
9ST'E
0€8T
GT6'T
8607
709
L62C
0T8T
€0LT
89Z'T
6CLT
L69T
1220~
L9STE

180 F8€'C
6L0FTv'C
L.0%F.9¢C
¢L0F VST
890 ¥ 65°C
8L0%F.LLC
¥9'0 ¥ 95°C
8G'0F LLC
6L0FvLC
€9'0FLLC
990 ¥ LEE
89°0 F80°€
€90 F L6C
0L0%F /8¢
€90 ¥G8¢C
LG'0FTCE
€L0FETE
€9'0F L6C
89°0 F80°€
¢9'0F80°€
0S50 ¥ 0T'E
090 ¥ S0'E
6.°0FS6°C
¢L0FOT'E
690 ¥ SO'E
Y30 ¥ GT'E
790 F €CE
690 ¥ GO'E
T90FETE
CY0FTE
990 ¥ 8¢t
¥S'0 F €C'E
290 FEEE
GG'0 FOr'E
LG'0FTEE

080 ¥ 6S°C
99'0 ¥ GLC
690 ¥ S9°C
¢9'0 ¥88°¢C
€90 F00°€
0L0F06'C
¢S'0+80¢€
99'0FGLC
G0 ¥00°€
690 ¥ C6'C
GG'0 ¥ OT'E
€90 F VT'E
c90F1€€E
€S0 F1T'E
0 F9T'E
890 ¥ I€€
890 F8T'€
T9'0Fcce
c90FvCce
€90 F LC€E
090 ¥ 0C’E
€90 F LC€E
¢S0+80€
870 F €E’E
990 ¥ GE'E
/9'0+F6CE
790 F €SE
990 ¥ G€'€
GG'0 ¥ TEE
790 F LG°€
190 F G¥'E
¥9'0 ¥ S'E
87'0 ¥ G9'E
0L 0FEv'e
870 F L9°€

8150~
196°0
61610
99€°0
1980
1660
G8.°0
IITT-
zrs80
6€0°0
4BEL'9
8TTE
628'€
TrT'T
06.°0
8587
T6CT
£€6°0
610
0297
¥0L°0
90T'T
1280~
G/8°0
G680
181°0
46607
00€°0
90.°0~
LOT8’E
96T
TL0T
LOVTE
G61°0
9600~

180 ¥ 0S¢
€.°0¥09¢C
190 ¥ 99°C
89'0F€LC
89'0 F¢8'¢
€L0F¥8°C
€90 ¥ 98°C
¢90F9.L¢
1L 0% 68C
T9'0 ¥ 98°¢C
1S0F9C€E
SS0FTIT€E
790 F LT'€
29'0*Fc0E
S0 F 20€
890 F L€
0L0+9T€
€90FTTE
090 ¥ LT°€
8G'0F6TE
9SG0 ¥ 9T'E
/S0 F8T'E
990 F IT€
090 F €C’E
290FvCe
290 FETE
990 F OV'E
€90 Fcct
8G°0 ¥ €C'E
850 ¥ 8V'€
€90 ¥ 8€E
T90 ¥ 9€°E
/S0 FT9°€E
90 ¥ vir'E
G900 ¥ I19°€

9,0 ¥ 99°¢C
980 ¥ 677'C
98'0 ¥ 99°¢C
6.0 F69¢C
6L0F€LC
98'0FELC
1,0%8LC
¢80 F /8¢
1,0 % 08¢
TL0+G8¢C
LL0FT9C
180F6.LC
TL0+08¢C
19'0*F¢6C
890 ¥ S6°C
€60FVvLC
080 *16C
G 0% c0€E
GL0F96C
G9'0 ¥ S0t
890 ¥ 60°E
CL0F L0€
090 ¥ 6T°€
190 9T°€
€L0F9T€E
LS00 FLTE
190 Fv0'€
990 ¥ 6T°€
990 ¥ 0E°€
VLOFITE
190 F0CE
CS0F LC€E
cS'0F9CE
190+ Ov'E
790 ¥ ¢S’€

8L0F vS'C
080 FvS'¢C
8.0 % 09'C
VL0FTLC
VL0F LLC
T78°0%8LC
TLOFT8¢C
7.°0F 8¢
LL°0F¥8¢C
99'0 ¥ ¥8°C
LL0F68C
¢L0FE6C
TL0*96°C
G9'0 ¥ 96'C
€9'0F L6C
€80 F86'C
1.°0%F20€
TL0OFG0€E
690 F SO'E
CO0FTITE
Y9 0FTITE
99’0 F¥CT'E
790 F ¥T°€
T90F6T'€E
89'0 ¥ 0C’E
6590 ¥ 0C'E
79'0 F 0C’€
GO0 F1C€
C90F/C€E
0L0*8cC€E
¢90F8CE
980 ¥ TE'E
GG'0 ¥ LE€E
S9'0 F v'e
SS90 F T9°€

J2)0BIRYI 3]0BLIPOA Ge
suoIssaldxa |euonow3 ve

(1rewsa ‘auoyd ‘a1) 10L1U0D JO POYIBIN €
sSu0nsa83NS JUdU0Y 4

1USWBAOW dewoINy 1€

SS900. JoUlaIU| 0¢

uonRuUgooal UoISSaIdXa [BQISAUON 6¢C
nuawi /381p swi-|eay 8¢

MOINIDAO |eYdSOH 12

Y0egPa8) [9A8] ANAROY 9¢

$90IN0SaJ [_UORLONPT [:14

uoISSIWSues} X1 ve

uoug09aJ ainysod Juaned €C

1SI| SUOnOUNy d)IoARS r44

]0J3UOD JUBWIBAOW |eNUBIA| 1

eijowe) 0C

VEET S Telalo] 6T

uled 3uunses|y 8T

W00z UdaI0s 11

10J2U02 BWN|OA 9T

(uonensiuiwpe gnip ‘a1) UOREOIIOU SINPAYIS JUBWIRSI | (1
10J3U0D BZIS X8| I

uoIUB093) 9910\ €1

(Josuas) aoueplone uoisl||0) rA

(Resx Aydesgowoy payndwod ‘a1) agew :oddns uopReyNsuo) 1T
ainjesadwa) Apoq ainseain o1

uolneJinies uagAxo ainsesiy 6

SpJ02aJ [edlpaw :poddns uoneynsuo) 8
|eL@lew [e|qoJodiwinue Jo opejp L
uonoa1ep |4 9

Jojluow a1el JesH [

Joyuow ainssaid poolg v

SUSIS YA JO UONBIIIIBA €

sasinu 3uljen 4

Aouagiaws Jo ased ul unialy T

51000y apispag Jo fuoud [euonound °¢ ajqe]

January 2020

Computers, Informatics, Nursing

CIN

12

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.



=)
<5
S
S
-
<
o
O
N—
2]
o
o0
[=]
o
[<}]
=
n
=
<5
o
Y
o
2
=
2
=
a.
©
<
2
k3]
o
>
L
™
2
=
-

Volume 38 | Number 1

0.883
—0.009

246 +0.72
2.59 £ 0.75
2.38 + 0.63
241 +0.75
2.28 £ 0.65

2.59 + 0.64
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241 +0.61

1.299
0.036

Radio

0.977
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Informing and educating patients is one of the important tasks of a
nurse, and patients oflen do not understand immediately. For exam-
ple, if all relevant information is provided lo a patient waiting for
an examination at once—for wstance, examination time, location of
the examination room, preparation procedure, examination procedure,
and precautions afier the examination—the patient may not understand
everything, as he/she is already quite nervous due to the upcoming
examination. Therefore, it would be nice if the robot provided these
explanations, in a kind manner, over and over again. The patient
can then see this information whenever he/she wants, and the robot
wll not grow tired just like a nurse would.

Robots' Shape and Movement

Interview participants provided conflicting opinions on ro-
bots' shape and movement. One said that if the robots were
portable and not attached to a bed or wall, they could be at-
tached to a wheelchair to act as a navigation device or to a
walker to encourage ambulation. However, others pointed
out that if the robots were detachable, there would be a risk
of losing them. Moreover, this could cause safety risks if the
robots were to collide with a patient.

One participant noted that the robots should be able to
fold up against a ceiling or wall or be easily removed in an
emergency when not in use in order not to interfere with
treatment or nursing, which might keep them from being ac-
cepted by medical professionals. Most participants agreed
that there should be some flexibility in movement, allowing
users to move the monitor freely.

However, respondents were ambivalent about whether pa-
tients would wish the robots to express identity or emotions
through automatic movement. They felt that this could make
boring hospital life more enjoyable, but it could also lead to
anxiety. Respondents remarked as follows:

If the watial rapport is built well, [the robot] would be something like a
Jriend during the lonely hosputal life. It should implement motions, expres-
stons, and voices that patients like. A patient needs to find the robot com-
Jortable. It should be intwitive to use and should not interfere with or
annoy the patient. In particular, if the robot moves or talks unexpectedly,
the patient may feel anxety. I wonder if this human-robot interaction will
help adult patients. They may find it interesting in the beginning but grow
tired of 1t if uls responses are not diverse enough.

No madter how efficient we are, there is a limat to how much emotional
care we can provide because one nurse takes care of many patients. We
Jeel sorry for patients in such a case. I think it would be helpful if the robot
can share certain emotions with patients. It would be important to see
how naturally the robot reacts to the voices and actions of patients.

Expected Issues

Participants noted that there is a risk that the robots could
become a tool for simple enjoyment rather than medical care.
They believed that if the robots did not have unique functions
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different from the monitor-type bedside terminals in larger
Korean hospitals, it would be difficult for patients to differ-
entiate between them. One participant remarked:

1 think there is a possibility that the bedside robot will become a simple
TV rather than being used for medical use. If the robots have functions
already adequately provided by existing bedside terminals, users may

Jeel that they are simply more dyfficult to use and not use them at all.
There must be unique functions specifically performed by these robots
wn order for them to survive in today's market.

Another participant noted that these robots could actually
increase the workload of healthcare professionals, since they
would have to educate patients on how to use robots and
take care of their frequent breakdowns and maintenance.
The majority were also concerned about privacy issues and
possible data leaks from attached cameras.

Finally, participants emphasized that the most important
aspect in designing both robots' form and movement was pa-
tient safety. As patients are often susceptible to infections, the
materials with which the robots are made should be resistant
to infection and easy to disinfect. In addition, many believed
that there should be sensors to avoid patient collision.

Inpatients' Open-Ended Responses

Patients taking the online survey were also asked open-ended
questions on bedside robots' potential benefits and limitations;
75 patients responded to the questions. These responses were
categorized into expectations about utility, questions and con-
cerns about safety and utility, need for comfortable user inter-
face and user experience (UI/UX) with core functionality,
need for personalized functions and services, preferences for
healthcare professionals over robots, and concerns about
increases in the price of healthcare (Table 4).

DISCUSSION

Core Elements of Bedside Robots

The results of this study yielded key information on the
functions, advantages, and limitations of bedside robots.
The results showed that the most highly desired function-
alities for both healthcare professionals and patients were
related to patient care and monitoring, including alerting
staff of emergencies, measuring and confirming vital signs,
and sensing and predicting falls. In addition, the results
showed that healthcare professionals had significantly higher
needs for robots that assisted in various medical tasks, includ-
ing measuring vital signs, detecting falls, measuring oxygen
saturation, video recording, recognizing posture, and pro-
viding patients with educational resources.

These results were consistent with those of previous stud-
1es, which found that nurses expected medical robots to take
over their tasks or provide support for their work. For exam-
ple, Lee et al'” examined nurses' need for care robots in five
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Korean hospitals and found that nurses desired robots that
could undertake the following primary roles: “measuring/
monitoring,” “mobility/activity,” and “safety care.” Likewise,
Mundher and Zhong'® used state-of-the-art technology, such
as Kinect sensors, to construct a smart system that monitored
elderly patients and sent alarms when dangerous situations,
such as falls, occurred. They found that these robots could
be helpful in nursing tasks as they could track users and en-
gage in real-time detection. The present study differs from
those described above because it focuses on inpatients' use of
robots rather than nurses. However, the results of this study
make clear that patients expect the robots to perform similar
roles. In other words, this Al can be used to help in treatment,
the point of hospital admission, supporting staff and patients
in functions related to care and monitoring.

The results of the patients' open-ended questions and
healthcare professionals' focus groups indicate similar out-
comes; both groups agree that the purpose of the robots
should primarily be treatment and nursing. Not only does
this differentiate these robots from the terminals already in
place in some hospitals, but also focusing the robots' role
on patient treatment could improve patients' and health-
care professionals' acceptance of them and increase their
utilization. For example, other studies have found that
the utilization of Al is improved if users believe it to be
beneficial to their most necessary tasks.'”? As such, it is
very important to integrate users' needs into the development
of bedside robots.”' In this case, both inpatients and health-
care professionals asserted that they wanted the robots to
be simple and easy to manage, focusing on a few core func-
tions rather than being able to help with a diverse array of
tasks. This has the additional benefit of making the robot
simpler, leading to less frequent breakdowns and mainte-
nance, which could lower the robots' reliability and increase
nurses' workload.

Human-Robot Interactions

Neither patients nor healthcare professionals prioritized HRI.
This may be due to people's lack of experience in interacting
with robots, which makes it difficult for them to evaluate its
importance. In addition, this is consistent with the findings
of previous studies. For example, Lee and Kim?? found that
robots' “communication” role is often least expected and that
people often question the robots' ability to accurately interpret
complex emotions.

The present study also found that nurses and physicians
had different needs for HRI. In comparison to physicians,
nurses were more likely to value robot functions, such as
nonverbal expression recognition, automatic movement, con-
tent suggestions based on patients' preferences, and emotional
expressions. In other words, nurses valued HRI more. This
may be because nurses have more need for HRI to alleviate
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Table 4. Patients' Expectations of and Concerns Regarding Bedside Robots (N = 75)

Useful to communicate with healthcare professionals
Quite helpful for patients with limited mobility through voice support

Quick and accurate perceptions of patient information will help in treatment
and nursing

No need to include functions covered by tablet PC; need to consider priorities
rather than number of functions

Elderly patients should be able to use it easily and intuitively

May be bulky and difficult to control

Need to consider risks to patients from malfunctions

Should be cheap and available for everyone

Concerned that bedside robots would lead to increased healthcare costs
Emotional expressions should change depending on patient's age

Convenient to have individualized schedules and notifications, as well as indi-
vidual care

Robots would be far behind in emotional care, although they would be convenient
Healthcare professionals should do everything except for simple functions

Robots may replace some tasks performed by the healthcare professionals,

leading to job loss

Expectations of robot's utility 23
(30.7)
User-friendly Ul/UX with core functionality 14
(18.7)
Concerns regarding safety and utility 8(10.7)
Concerns about increases in healthcare costs 8(10.7)
Personalized functions and services 6 (8.0)
Preference for healthcare professionals over robots 4 (5.3)
Potential to reduce human resources 3(4.0)
Other 9 (12.0)

Patients' individual memoirs and/or messages of hope could be displayed on

the robots

some of the demand for the direct care that they provide.
However, future studies are required to verify this claim.

During focus group discussions in this study, nurses
asserted the need for building human-robot rapport so
that the robots could provide emotional care and help
patients have a positive hospital experience. Despite the
robots' beneficial roles, patients will not accept them if they
find their interactions uncomfortable. In other words, for
healthcare robots to be successfully accepted by users, Al must
have the following three elements: meet patients' basic mo-
tive for use; adequate ease of use; and physical, cognitive,
and emotional comfort.®*?

Existing studies have confirmed that ease of use has a major
impact on user acceptance.””** Some studies have reported
that older adult users will reject a robot if they are unfamiliar
with the technology,™ but others report that users with less
technological experience will still accept Al if they are useful
and easy to use.”® As such, bedside robots require an intui-
tive user interface that can be used by inexperienced users.
In the hospital environment, where there are many older in-
dividuals, functions, such as larger buttons, a clear voice, and
highly visible screens, are quite important.27

The bedside robot in the present study was not humanoid;
the video that participants viewed prior to the survey and
mterviews showed “robots” that were faces displayed on a
tablet screen. Vlachos et al*® conducted research on prefer-
ences regarding robots' shape and found that users pre-
ferred robots with a touchscreen, the ability to make eye
contact, and the ability to talk to users directly. Robots
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such as the one used in this study, shown as faces on a screen,
may still express facial expressions and images, thereby
appearing less aggressive and friendlier than those with a
more human form.??

De Ruyter et al’*” developed a list of socialization behav-
ior characteristics, allowing robots to be programmed with
seeming social skills, such as cooperation, empathy, proactivity,
self-control, responsibility, and trust. Examples include seeming
to listen by looking at the user and nodding, interacting with a
smile, remembering individual details about the user and using
his/her name, using facial expressions, and admitting to errors.
Studies report that programming robots with social skills
makes users feel that the robots actually exist, ultimately im-
proving their acceptance.?’ Likewise, McColl*' developed
and deployed robot systems that perceive a user's emotional
state based on facial expressions and that then respond ap-
propriately. The results indicate that robots that engage in
emotional recognition are considered to have social intelli-
gence and that the user's recognition of the robot's nonverbal
cues can influence acceptance.

Other studies found that users preferred to be able to talk
to robots and that they are interested in conversations about
both healthcare and the robot itself.?” Kim et al*? evaluated
older adults' acceptance of Al and found differences de-
pending on the level of perceived social interactions. It ap-
pears that older adult users recognize an interactive agent
not only as a tool for achieving tasks but also as a target
with which one can interact. Robots' social ability provides
enjoyment for users and provides them with an incentive
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to use the robots.””** Moreover, users' perceived enjoyment
is an important factor of robots' usability and ease of use.?’**
As such, it is important that bedside robots meet users' expec-
tations regarding social skills.

User Concerns

Inpatients' responses to the open-ended questions indicate
that they believe bedside robots would be helpful. However,
they were concerned about impediments if its functions are
not implemented appropriately. In addition, the responses
reveal participants' need to receive direct medical care from
healthcare professionals and questions on whether robots
can actually help treatment or support patients during
hospital stays.

Such findings are consistent with the results of previous
studies. For example, Lee et al'” found that while nurses
were receptive to care robots, they were concerned about
malfunctioning or hindering nurses' rapport with patients.
Another study, in which robots were used to measure
57 patients' blood pressure and which then asked patients
about their perceptions of robots, found that patients had
positive or negative perceptions, depending on patients' me-
dia exposure to robots.**

While patients feel that medical robots are useful when
performing simple tasks, they are often concerned about
reliability and safety.‘wr Moreover, the speed and direction
of robots' movements and actions can increase users' anx-
iety or sense of threat and may appear to be offensive or
disturbing.*>*® Therefore, patients' perceptions of and
emotions toward robots differ, depending on their psycho-
social variables, previous experience with robots, and the
environment in which robots are used. Further research
must consider how to develop robots with high acceptance
rates, since patients' perception of robots is an important
factor in their acceptance.

CONCLUSION

There is a growing interest in the application of robots in the
nursing and healthcare sectors, and researchers generally
agree that robots can help in various nursing tasks." However,
few hospitals have actually implemented such Al due to the
“tech-resistance” of healthcare professionals and healthcare
institutions.>” For example, nurses tend to believe that robots
have an inadequate ability to care for patients.”* Moreover,
they fear that the utilization of robots would complicate and
increase their workload."”

Despite these fears, the researchers find themselves in an
era where active discussions of I'T usage in nursing, including
robots, are vital. As such, this study attempts to determine
how both healthcare professionals and patients feel about
robots and which aspects of robots may increase their accep-
tance. In addition, it evaluates whether robot care can be
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applied in the hospital environment to help inpatients and
provide them a positive hospital experience. The findings
in this study suggest that if robots were to be used in health-
care institutions, they could improve the effectiveness of
care. Unlike healthcare professionals, they do not grow tired
and can respond to patient and staff requests at any
time.'”'® Moreover, they can enable accurate and real-
time monitoring and alert nurses of dangerous situations,
thereby improving clinical results and quality of care.

Despite these significant findings, this study has several
limitations. First, the survey was conducted in a single uni-
versity hospital. As the environment, the severity of patients'
conditions, and the purpose of admission may differ depend-
ing on the size of the hospital, further research is needed to
analyze the demand for robots in healthcare institutions of
various sizes. Moreover, the demand for robots may differ
depending on the characteristics of both healthcare profes-
sionals and patients. As this study was unable to analyze the
differences in demand stemming from these variables, future
studies are recommended to assess demand according to the
age, gender, department, and assigned wards of healthcare
professionals, as well as according to the severity, condition,
and type of treatment received by patients.
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