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Background: Recently, there have been various developments in medical service robots (MSRs). However, few studies have examined
the perceptions of those who use it. The purpose of this study is to identify user perceptions of MSRs.

Methods: We conducted a survey of 320 patients, doctors, and nurses. The contents of the survey were organized as follows: external
appearances, perceptions, expected utilization, possible safety accidents, and awareness of their responsibilities. Statistical analyses
were performed using t-test, chi-square test, and analysis of variance.

Results: The most preferred appearance was the animal type, with a screen. The overall average score of positive questions was
3.6410.98 of 5 points and that of negative questions was 3.24+0.99. Thus, the results revealed that the participants had positive
perceptions of MSR. The overall average of all expected utilization was 4.05+ 0.84. The most expected utilization was to guide hospi-
tal facilities. The most worrisome accident was exposure to personal information. Moreover, participants thought that the overall re-
sponsibility of the robot user (hospital) was greater than that of the robot manufacturer in the case of safety accidents.

Conclusion: The perceptions of MSRs used in hospital wards were positive, and the overall expected utilization was high. It is neces-
sary to recognize safety accidents for such robots, and sufficient attention is required when developing and manufacturing robots.
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Introduction bots can care or monitor the patient in a real hospital. Neverthe-

less, advances in robot technology continue to increase interest in

The fourth industrial revolution, represented by big data, the Inter-
net of Things, artificial intelligence, and robotics, is underway
worldwide [1]. Numerous studies have examined the develop-
ment of various robots to replace human tasks [2]. There have also
been many studies related to robots in the medical field. These in-
clude surgical robots, rehabilitation robots, nursing assistant ro-
bots, and hospital logistics robots [3]. Among these robots, surgi-
cal robots have been actively used [4]. However, with the excep-

tion of some telemedicine robots, there are few cases in which ro-
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medical service robots (MSRs) that can replace or reduce medical
and nursing work in hospitals. However, actual medical service de-
velopment should begin with a sufficient understanding of the ac-
tual needs in the medical field and possible problems. Although
there have been perception surveys for some nurses so far, they
have been limited to care robots [3,5]. Those who use medical ro-
bots in hospital wards include nurses, patients who receive medical
services, and doctors. The perceptions of MSR users are also very

important, but there are no multi-dimensional perception surveys
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on MSR that include doctors and patients.

Therefore, the purpose of this study was to investigate user per-
ceptions, needs, and possible problems for MSRs before develop-
ing robots that assist or replace treatment and nursing for patients
in hospital wards. It also aims to provide important information for
robot developers who wish to develop medical robots by evaluat-

ing user perceptions.

Methods

Ethical statements: With the approval of the Institutional
Review Board (IRB) of Pusan National University Hospital
(IRB No: 1909-016-083), a survey was conducted with doc-
tors, nurses, and patients in the ward. All participants provided
written informed consent.

1. Survey participants

The number of participants was calculated using the PASS 11
(NCSS, LLC., East Kaysville, UT, USA). The preference for
MSRs was expected to be over 60%. If the width of the 95% con-
fidence interval was within 12% and an error of 6% was allowed,
the required sample size was confirmed to be 271. Considering
the rate of dropouts such as abandonment and omission as 20%,
a total of 325 copies were distributed. Finally, 320 copies were
collected (recovery rate, 98.5%), which were used for the analy-

sis.

2. Questionnaire

The MSR was introduced first as follows: “We are going to con-
duct a perception survey on MSRs for inpatients. The robot will
help the staff (doctors and nurses). Autonomous driving is possi-
ble, and information delivery and education will be possible
through the screen. Partial dialog (communication through
speech) will be possible, and images will be collected and analyzed
through depth cameras.”

The questionnaire was largely composed of four items: (1) pre-
ferred external appearance, (2) perception, (3) expected utiliza-
tion, (4) predicted safety accidents and their responsibilities. The
preferred external appearance list is shown in Fig. 1. The questions
associated with the perceptions of MSR are presented in Table 1.
Questions associated with perceptions were created by mixing
positive and negative questions, and the responses were answered
on a Likert S-point scale from “not at all (1 point)” to “strongly
agree (S points).” The expected utilization of MSRs is listed in
Table 2. The responses were answered on a Likert S-point scale
from “not at all important (1 point)” to “very important (S points).”
In questions associated with possible safety accidents of MSRs and
their responsibilities, the answer sheet of the four-or five-choice

multiple types was given, and one of them was selected.

3. Statistical analysis

All statistical analyses were conducted using IBM SPSS version 22
(IBM Corp., Armonk, NY, USA) and R version 3.6.2 (R Founda-
tion for Statistical Computing, Vienna, Austria). Categorical data
were analyzed using Pearson chi-square test. Continuous data were

Fig. 1. List of the external appearance of medical service robots. (A) Cylindrical or square type with a screen, (B) animal type with a
screen, (C) humanoid (a simplified human structure), and (D) android (very similar to human appearance).
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Table 1. Questionnaire regarding perceptions of medical serviced robots in a hospital

No. Category Question

Qo1 Positive There will be fewer errors in measurement, transferring information, and explanation because it is a machine
Qo2 Positive There will be less stress that occurs when facing people

Qo3 Positive Better quality care and hospitalization will be possible by sharing the work of the staff

Qo4 Positive The conversation function will alleviate the anxiety that occurs during hospitalization

Qo5 Negative | don't think there are many functions that can replace people, so | don't think | will use it even in wards
Qo6 Negative There is a possibility that the robot may malfunction

Qo7 Negative It will be inconvenient to use because | am not good at handling machines

Qo8 Negative There is a possibility of a safety accident due to autonomous driving

Q09 Negative The sensors used by the robot will be less accurate

Q10 Negative The communication function used by robots will be less accurate

an Negative The information, such as guidance and education provided by robots, will not be of much help in actual situations
Q12 Positive The loading of the staff will decrease when the robots share the work

Q13 Positive When robots share medical care, patients' satisfaction during hospitalization will be improved

Q14 Positive Overall, | agree to deploy robots in wards

Q15 Positive Overall, the services provided by robots in wards will be reliable

Q16 Positive Overall, the services provided by robots will help patients

Table 2. Questionnaire regarding expected utilization of medical service robots

No. Service

SO1 Checking for the ward environment (temperature, humidity, and airborne dust concentration, etc.)
S02 Analysis of gait

S03 Instructing rehabilitation methods

S04 Guiding postoperative posture and range of movement

S05 Checking for paralysis

So6 Calling the ward nurses

S07 Analysis of pain scale

S08 Analysis and improvement of depression/anxiety

S09 Analysis and improvement of stress

S10 Guiding to hospital facilities

ST Instructing the process of admission and discharge of the hospital

S12 Informing results of imaging and laboratory findings

S13 Informing scheduled inspections

S14 Informing processes and side effects of scheduled surgeries or procedures

S15 Requesting medical certifications

S16 Checking the blood pressure and pulse

S17 Checking the temperature

S18 Checking the respiratory rate

S19 Checking the blood sugar level

S20 Checking the input and output

S21 Checking the amount of remnant intravenous fluid

S22 Guiding to the dietary plan

S23 Management of the drug administration

tested using an independent -test and one-way analysis of variance the questions associated with perceptions. A scatter plot was con-
with a post hoc Tukey test. Statistical significance was set at p < 0.05. structed to determine the difference in preference for expected uti-

Cronbach alpha coefficient was calculated to verify the reliability of lization between the groups.
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Results

1. Characteristics of participants
A total of 320 participants responded to the survey, and their char-
acteristics are presented in Table 3. The average age of the respon-

dents was 39 £ 15 years.

2. Preference for the external appearance of medical ser-
vice robots

We presented external images of the MSR (Fig. 1) and chose the
most preferred image. B (animal type with screen, 35.0%) was se-
lected. This was followed by A (cylindrical or square type with a
screen, 27.8%) and D (android [very similar to human appear-

Table 3. Demographic of participants

Characteristic Patient Doctor Nurse Total
Sex
Male 53 58 6 117 (36.6)
Female 47 46 110 203 (63.4)
Age group (yr)
Young (<41) 9 76 112 197 (61.6)
Middle (=41, <64) 60 23 4 87 (27.2)
Elderly (>64) 31 5 0 36 (11.2)
Total 100 (31.3) 104 (32.5) 116 (36.3) 320 (100)

Values are presented as number only or number (%).

ance], 22.4%). C (humanoid [a simplified human structure],
14.8%) was the least preferred. The difference in the preference for
external appearance according to sex, age group, and occupation

classification was not statistically identified.

3. Perceptions of medical service robots

Among the questions for the perception of MSRs, the positive
questions were Q01-Q04 and Q12-Q16. The overall average
score of these questions was 3.64 £ 0.98 of 5 points. The negative
questions were Q05-Q11 and the overall average score of these
questions was 3.24 £ 0.99 of 5 points. The value of Cronbach alpha
for the applicability to all questions was 0.767. Cronbach alpha val-
ues for the positive and negative questions were 0.826 and 0.735,
respectively. Thus, the overall reliability was acceptable. When the
values of the positive and negative questions were compared, the
value of the positive questions was statistically significantly higher
(p<0.001). The values of each question for perceptions and differ-

ences according to occupation classification are listed in Table 4.

4. Expected utilization of services provided by medical
service robots

The overall average of all expected utilization was 4.05£0.84 of 5
points. The value of Cronbach alpha for the applicability for all
items was 0.934. The values of each item for expected utilization

and differences according to occupation classification are listed in

Table 4. Statistical analysis of perceptions of medical serviced robots in a hospital

Question Overall Patient® Doctor’ Nurse* p-value Post hoc analysis
Qo1 3.46+1.05 3.08+1.12 3.70+£1.01 3.57+0.96 <0.001 a<bc
Qo2 3.83+1.00 3.49+1.04 3.98+0.90 3.97+1.00 0.001 a<bce
Qo3 3.87+0.80 3.88+0.81 3.82+0.81 3.92+0.80 0.664

Qo4 3.22+0.96 3.45+0.95 3.02+1.04 3.19+0.86 0.009 a>b
Q12 3.58+0.88 3.77+0.88 3.48+0.82 3.51+£091 0.400

Q13 3.56+0.78 3.71+0.84 3.47+0.79 3.50+0.70 0.065

Q14 3.79+0.79 3.93+0.68 3.65+0.86 3.79+0.80 0.037 a>b
Q15 3.62+0.78 3.74+0.80 3.56+0.80 3.57+0.74 0.195

Q16 3.82+0.69 3.96+0.64 3.79+0.70 3.73+0.71 0.041 a>c
Qo5 2.93+097 2.69+1.00 2.89+0.99 3.18+0.87 0.001 a<c
Qo6 3.84+0.79 3.65+0.82 3.81+£0.80 4.04+0.71 0.001 a<c
Qo7 3.29+0.99 3.42+1.01 3.20+1.02 3.26+0.94 0.275

Qo8 3.62+0.84 3.31£1.00 3.68+0.77 3.83+0.65 <0.001 a<bc
Qo9 3.06+0.92 2.78+£0.95 3.07+0.92 3.30+£0.82 <0.001 a<c
Q10 3.36+0.93 2.98+1.01 3.42+0.90 3.65+0.78 <0.001 a<bc
Qn 2.59+0.90 2.45+091 2.73+£091 2.58+0.88 0.097

Total (positive) 3.64+0.98 3.68+0.89 3.61+0.90 3.64+0.86 0.255

Total (negative) 3.24+0.99 3.04+1.04 3.24+097 3.41+0.93 0.004 a<b<c

Values are presented as mean *standard deviation.
Positive questions, Q01-Q04 and Q12-Q16; negative questions, Q05-Q11.
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Table 5. Expected utilization of medical service robots

Doctor’ Nurse®

Service Overall Patient® p-value Post hoc analysis
SO1 3.89+0.85 4.11+0.67 3.82+097 3.77+0.86 0.002 a>bc
S02 3.87+0.98 4.04+0.86 3.69+1.12 3.90+0.91 0.044 a>b
S03 4.06+0.89 4.10+£0.85 3.84+1.00 4.22+0.79 0.090

So4 4.14+0.92 4.17+0.88 3.83+1.02 439+0.79 <0.001 b<c
S05 3.98+1.12 4.22+0.73 3.58+1.30 4.15%+1.12 <0.001 ac>b
S06 4.16+0.84 4.13+£0.87 4.35+0.84 4.02+£0.78 0.012 b>c
S07 3.98+0.93 4.15+0.81 3.79+£1.00 4.00+£0.93 0.019 a>b
S08 37711 3.97+1.23 3.47+£0.99 3.86+1.05 0.002 a>b
S09 3.71+1.03 3.93+1.16 3.48+0.98 3.72+0.93 0.0m1 a>b
S10 4.44+0.79 4.26+0.84 4.46+0.76 4.57+0.74 0.160

ST 4.42+0.84 4.11+£0.85 4.51+0.86 4.61+£0.75 <0.001 a<c
S12 4.27+1.01 4.19+£0.71 4.16%£1.19 4.42+1.04 0.1

S13 4.34+0.86 4.23+0.63 4.25+1.10 4.53+0.74 0.005 ab<c
S14 4.20+1.05 4.21+0.98 3.98+1.22 4.38+0.91 0.026 b<c
S15 4.28+0.96 4.14+0.88 4.25+1.15 4.44+0.83 0.35

S16 4.15+1.02 3.84+1.13 4.12+0.91 4.45+0.93 <0.001 ab<c
S17 4.16+1.00 3.82+1.01 4.12+0.95 4.48+0.93 <0.001 ab<c
S18 4.13+£1.00 3.86+1.14 4.04+0.85 4.46+0.93 <0.001 ab<c
S19 4.11+£0.96 3.80+1.02 4.05+0.83 4441094 <0.001 ab<c
S20 4.16+1.02 4.15+1.15 3.98+093 4.32+0.96 0.031 b<c
S21 4.05+0.91 4.10+0.83 3.76+0.99 4.28+0.84 <0.001 ac>b
S22 4.04+0.92 3.99+0.85 3.82+1.00 4.29+0.84 0.001 ab<c
S23 4.07£0.99 4.12+1.06 3.77+£1.01 4.29+0.85 <0.001 ac>b
Total 4.11+0.63 4.07+0.58 3.96+0.61 4.28+0.65 <0.001 ab<c

Values are presented as mean *standard deviation.

Table 5. The most expected utilization was to guide hospital facili-
ties. In contrast, the least expected utilization was gait analysis via
the MSR. The scatter plots were drawn according to classifications
of occupation: patients, doctors, patients, nurses, doctors, and
nurses (Fig. 2). In addition to the services presented in the ques-
tionnaire, participants’ additional suggestions associated with the
services provided by MSRs were as follows: transferring speci-
mens, transferring drugs, transferring necessary supplies, managing
ward supplies, emergency alerts, measurement of oxygen satura-

tion, and notification associated with clinical work.

S. Possible safety accidents caused by medical service ro-
bots and awareness of their responsibilities

When an MSR was placed in the ward, the possible safety acci-
dents that were selected as of greatest concern were the transmis-
sion of false information and exposure of patient information due
to malfunctions (45.5%). Next, collisions due to autonomous driv-
ing (38.1%), exposure to electromagnetic waves (6.5%), and fires
(6.3%) were followed. Differences in possible safety accidents ac-
cording to sex, age groups, and classifications of occupation were

120  https://doi.org/10.12701/yujm.2021.01319

not statistically identified. Other opinions included electric shock
accidents.

In the case of such accidents, the most frequent answer to the
question about the responsibility for the accident was that both the
hospital and the robot manufacturing company were equally re-
sponsible (34.7%). This was followed by “the hospitals must be
more responsible than the robot manufacturing company”
(19.4%), “the hospitals were entirely responsible” (16.9%), “the
robot manufacturing company must be more responsible than the
hospital” (16.6%), and “the robot manufacturing company was en-
tirely responsible” (12.5%). No statistical significance was ob-
served for these responses.

The answer most frequently selected as an important factor for
the safety of autonomous robots was a low-centered design
(33.8%). This was followed by a soft outer material that can absorb
shocks (30.7%), a height similar to that of a human (15.1%), and a
slow driving speed (13.6%). Other opinions included the applica-
tion of collision prevention sensors and the application of ro-
bot-only roads.
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Fig. 2. Scatter plots for expected utilization. (A) Interpretation of a scatter plot. Items in quadrant 1 are preferred for both the x-axis and
y-axis groups. Items in quadrant 2 are less preferred in the x-axis group but are more preferred in the y-axis group. Items in quadrant 3
are less preferred for both the x-axis and y-axis groups. Items in quadrant 4 are more preferred in the x-axis group but are less preferred
in the y-axis group. (B) The scatter plot for the doctor-patient groups. (C) The scatter plot for the nurse-patient groups. (D) The scatter

plot for the doctor-nurse groups.

Discussion

There have been some studies related to the external appearance of
social robots to interface with a person [6-8]. Most of them have
reported that an animal-like appearance is preferred over a hu-
man-like appearance in robots related to healthcare [6,7]. In this
study, the preference for a non-human-like appearance was higher
than that of a human-like appearance. In the case of human-like ap-
pearance, social and ethical issues can occur, so caution might be
required [7]. Thus, a non-human-like appearance is appropriate.
However, in the healthcare field, robots with a human-like appear-

ance are preferred [8]. Therefore, additional studies are required to
confirm this hypothesis.

Overall, the study participants had positive perceptions of MSR.
In the patient group, there were statistically significant positive re-
sponses compared to medical staff (doctors and nurses), indicating
that the anticipation for MSR was higher. However, even though
they were negative questions, some questions exhibited high
scores. In particular, scores for robot malfunctions and safety acci-
dents were greater than the median value of the scores for negative
questions, indicating concern about this. Among the positive ques-
tions, the question with the lowest score was about conversational
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function, and in particular, the doctor group revealed ambivalent
perception.

The overall expectation for the utilization of MSR was found to
be statistically significantly higher in the nurse group and the low-
est in the doctor group. Among the expected utilization of MSR,
the service with the highest score was guiding to hospital facilities
(S10), and the service with the lowest score was analysis and im-
provement of stress (S09). The doctor group expected the lowest
utilization for analysis and improvement of depression or stress
when hospitalized, but the patients expected relatively high effica-
cy. The patient group expected the highest utilization for guiding
to hospital facilities. The services that were judged to show the
lowest expected utilization in the patient group were various mea-
surements such as input and output, blood pressure, temperature,
respiratory rate, and blood sugar. In contrast, nurses who directly
managed these measurements expected relatively high efficacy. In
previous surveys related to robots, measurement and monitoring
showed the highest preference for nurses, which was similar to our
results [3,5]. Therefore, it can be seen that nurses prefer to apply
MRS to measurement tasks. In the scatterplot analysis, the services
that were in the 1st quadrant in all groups (i.e., with relatively high
utilization expectations in all groups) were guiding to hospital facil-
ities (S10), instructing the process of admission and discharge of
the hospital (S11), informing results of imaging and laboratory
findings (S12), informing scheduled inspections (S13), informing
processes and side effects of scheduled surgeries or procedures
(S14), requesting medical certifications (S15), and checking the
input and output (S20). It was mainly related to information deliv-
ery to patients or guardians and administrative work processing. In
contrast, the service in the third quadrant in all groups, that is, with
relatively low utilization expectation in all groups, was S02. There
have been many studies related to gait analysis using artificial intel-
ligence [9]. However, it was revealed that expectations were rela-
tively low when applying this function through MSRs.

To use the MSR in hospital wards, it must be able to move to the
bed. This was because it was the patient who faced MSR primarily,
and the patient was often unable to move out of bed during the
acute phase. Thus, our consortium was trying to apply autono-
mous driving and was concerned about the physical accidents
caused by it. However, the most worrisome accident in the survey
was exposure to personal information. Therefore, it is necessary to
take measures to prevent such accidents when operating an MSR.
While the issue of legal responsibility for the occurrence of safety
accidents caused by various robots has been actively discussed re-
cently, there has been little discussion about the legal issue of acci-
dents involving robots related to healthcare [ 10]. Participants in
this study thought that the overall responsibility of the robot user
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(hospital) was greater than that of the robot manufacturer in the
case of safety accidents. However, since the judgment of the rele-
vant expert was important in legal matters, more research is needed
in this area.

In this study, we investigated the perception associated with
MSRs used in hospital wards. The recognition of MSRs used in
hospital wards was generally positive, and the overall expected uti-
lization was high. In particular, MSRs were expected to be highly
effective in delivering various types of information and measuring
the input and output. Furthermore, it is also necessary to recognize
safety accidents for such robots, and sufficient attention is required
when developing and manufacturing robots.
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