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Robots as Patient Sitters
Acceptability by Nursing Students
M. Cynthia Logsdon, PhD, WHNP-BC, FAAN, Shamsudeen Abubakar, PhD, Sumit Kumar Das, PhD, Heather Mitchell, PhD, RN,
Bhumika Vivek Gowda, Emmaline Wuensch, Dan O. Popa, PhD
KEY POINTS
� This acceptability study was done via repeated experi-
ments conducted with nursing students and using their
responses to questionnaires formulated on the Per-
ceived Usefulness and Perceived Ease of Use sub-
scales of the Technology Acceptance Model about their
experience.

� The results show a moderate to high acceptance of the
Adaptive Robotic Nursing Assistant (ARNA) for the pa-
tient sitting task of fetching.

� Overall, the work presents a basis for evaluating the ac-
ceptability of the ARNA robot (and similar robots) in a pa-
tient sitter task.
S cience continues to evolve related to the safe and effec-
tive use of robots in healthcare.1–8 Researchers have
demonstrated that robots can support the role of nurses

through accomplishment of tasks and improvement of effec-
tive communications6,8–11 and can free professional nurses
for more important critical thinking and caring roles.12,13

Nursing education events and circumstances in recent
years, including the COVID-19 pandemic, have led to suc-
cessful experimentation in the use of robots and artificial in-
telligence to support simulation and remote learning.14–17

Nursing students are an ideal population for which to test
new and effective technologies, as they are just beginning
to develop their attitudes towards, and comfort with, a vari-
ety of procedures and use of technology. Therefore, the pur-
pose of this study was to measure the acceptability of nursing
students in the use of robots in a patient sitter scenario.

Study procedures involved a task wherein the robot
responded to remote commands issued through a computer
tablet by the nursing student (acting as patient) to fetch and
retrieve items. If successful, this fetch-and-retrieve robot ca-
pability could be used to replace a primary role of patient sit-
ters in fall prevention, to enhance patient safety, and to sup-
port the role of the nurse.

In acute care settings, bedside sitters are often used for pa-
tients at a high risk for falls, but they are expensive and their
effectiveness is unclear.18 Greeley et al19 reviewed published
evidence about the effect of sitters on patient falls in acute
care hospitals. Of 20 studies meeting inclusion criteria, two
added sitters to usual care and 18 compared alternatives with
sitters. Two studies provided very-low–certainty evidence that
adding sitters reduced falls. Eight studies provided moderate-
certainty evidence that interventions that included video mon-
itoring reduced sitter use and either did not affect or reduced
the number of falls. Very-low–certainty evidence suggested
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that interventions that included nurse assessment tools
(three studies) or a close observation unit (two studies) were
effective alternatives to sitters. Thus, exploration of effective
substitutes for human sitters is needed. The research ques-
tion for the study was as follows: Is the use of a service robot
in a patient sitter scenario acceptable by nursing students?

METHODS
The study was framed by the Technology Acceptance
Model. Originally proposed in 1989,20 the Technology Ac-
ceptance Model presents systemic relationships between sev-
eral human factors and the usage of a technology. The Tech-
nology Acceptance Model instrument includes subscales to
measure Perceived Usefulness (PU) and Perceived Ease of
Use (PEU)20 of the technology. Perceived usefulness is the
degree to which one thinks that using a specific system facil-
itates their job. Perceived ease of use is the degree to which
one thinks usage of that system is effort-free.

Items to measure PU included the following questions: (1)
“How quickly does the robot arrive at its destination using
the tablet interface?” (slow [1]/fast [5]); (2) “How safe do
you think the robot is while you are controlling it with the
tablet interface?” (unsafe [1]/safe [5]); (3) “What would
you say the speed of the robot is when moving around the
room?” (slow [1]/fast [5]); (4) “How stably did the robot
gripper grasp the item?” (stable [1]/unstable [5]); (5) “How
safe do you think the robot arm is when it hands over the
fetched?” (unsafe [1]/safe [50]).
CIN: Computers, Informatics, Nursing 581

mailto:mimia.logsdon@louisville.edu
mailto:mimia.logsdon@louisville.edu


FIGURE 1. The ARNA.
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Perceived ease of use was measured by the following
items: (6) “How convenient is it to drive the robot with the
tablet interface?” (not convenient [1]/very convenient [5]);
(7) “How much attention does it take to drive the robot to
the desired place while avoiding obstacles?” (high [1]/low
[5]); (8) “How easy is it to drive the robot to the desired place
while avoiding obstacles?” (difficult [1]/easy [5]); (9) “How
convenient is it to tell the robot where to go using the inter-
face?” (not convenient [1]/very convenient [5]); (10) “How
easy is it to grab items with the robot arm using the tablet in-
terface?” (difficult [1]/easy [5]).

The study was approved by the Human Subjects Protec-
tion Program of the University of Louisville. The partici-
pants (n = 24) were all undergraduate upper division and
master's entry accelerated second-degree students in the
FIGURE 2. Patient sitter experiment conducted.
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nursing program at a Research 1 university. Students were
recruited by in-class invitations from the research team.
The students received credit for clinical/research hours for
an undergraduate research course or capstone clinical
course as compensation for participating in the experiments.
Students signed informed consents upon enrollment.

The Adaptive Robotic Nursing Assistant (ARNA) robot
(see Figure 1) is a mobile manipulator that consists of an om-
nidirectional base with an instrumented handlebar and a 7–
degrees of freedom robotic arm. It is a service robot capable of
providing both physical assistance and remote teleoperation to
a human user and is also capable of autonomous operation.
Novel technological contributions in the development of
ARNA include its multi-sensor instrumentation board for
heteroceptive sensing, a software architecture that facilitates
September 2022



FIGURE 3. A, Tablet interface to control ARNA in patient sitter mode. B, Pulse oximeter and digital infrared thermometer that were
contained in object picked in the patient sitter experiment.
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rapid transition between different autonomy levels to carry
out different tasks, and a neuroadaptive controller that en-
ables the incorporation of task and user preferences to allow
the robot to be used with users of varying abilities in similar
and different tasks.11,21 To complete the tasks in this study,
the ARNA robot was designed to perform the following
functions: (1) autonomous navigation in unstructured envi-
ronments, (2) pick and place certain classes of objects in the
environment, (3) heteroceptive sensing of environments
and human health, and (4) interface with a human user via
physical and teleoperative means.
FIGURE 4. Average score of usefulness across trials.
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The experiments were conducted at a simulation suite lo-
cated at the School of Nursing at the university. The simula-
tion suite houses two hospital-like rooms, an observation/
control room used for simulated scenarios, many patient sim-
ulator manikins, and other high-fidelity simulation equip-
ment. For the sake of this experiment, the task was performed
by teleoperation of the robot base and arm through a tablet
interface in the simulated hospital room.

As shown in Figure 2, the task to be performed in the ex-
periments consisted of five (5) parts: (1) Using the tablet inter-
face, a user teleoperates the ARNA robot to the location of
CIN: Computers, Informatics, Nursing 583



FIGURE 5. Average score of ease of use across trials.

Table 1. Time Breakdown of Tasks Performed During
Patient Sitter Experiment

Object Pickup
Time, s

Object Use
Time, s

Total Trial
Time, s

M SD M SD M SD

Trial 1 53.12 11.41 72.47 18.11 211.45 71.89
Trial 2 48.36 12.11 65.32 20.74 192.11 48.02
Trial 3 49.50 11.01 63.18 21.07 190.18 40.52
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object to be fetched. In the experiments in this work, the
object to be picked up is a box containing an infrared ther-
mometer and a pulse oximeter (Figure 3). (2) With the robot
at the location of the object, the tablet interface is used to
teleoperate the arm to fetch the object. (3) The user
teleoperates the ARNA robot base to within arm's reach of
the user. Then, the user collects the item from the gripper
of ARNA's arm, uses it, and returns the object to the gripper.
(4) The user teleoperates the ARNA robot base to the loca-
tion where the item was originally picked and then
teleoperates the arm to place the object properly. (5) The
user teleoperates the ARNA robot back to the experiment
start location. There were three trials to enable evaluation
of any improvement in their use of the robot that might
come with repeating an operation. At the end of each trial,
each student completed a questionnaire of Likert-scaled
questions about their experience interacting with the robot
in patient sitter mode.

Time to perform each experiment was also recorded.
This time was broken into base travel time, which is the time
to drive to and from the patient and the object to be picked
up, and arm teleoperation time, which is the time taken to
move the robotic arm to pick up the box.

RESULTS
Data indicate that students rated the technology's usefulness
at 3.77/5.00 with an SD of 1.10 and the ease of use at 3.49/
5.00 with an SD of 1.12. As illustrated in Figures 4 and 5, this
584 CIN: Computers, Informatics, Nursing
indicates a moderate to high acceptance of use of the ARNA
robot in a sitter scenario. In terms of the relationship be-
tween PU and perceived ease of use, PU had a 27.2% de-
pendence on perceived ease of use (ie, R2 = 0.272) with a
P value of .05.

Table 1 shows the average measured time for each of the
trials performed by the participants in the experiments. The
average total time taken to execute the entire patient scenario
across all 24 users over all three trials was 209.52 seconds.
This is time saving for a nurse in which they would otherwise
come to the patient's room to fetch an item for a patient, assist
them in its use, and return the object. Completion of the task
also replaces one role of the patient sitter.

DISCUSSION
As mentioned above, research has been equivocal in the ef-
fectiveness of patient sitters to prevent patient falls. An effec-
tive alternative to patient sitters is needed that is safe, cost
September 2022
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effective, and acceptable, and service robots are a promis-
ing solution. Nursing students are an ideal population
for which to test new and effective technologies, such as
service robots.

In this work, we present ARNA, a novel service robot ca-
pable of use in healthcare, and evaluate the acceptability of
its patient sitting functionality. This acceptability study was
done via repeated experiments conducted with nursing stu-
dents and by using their responses to questionnaires formu-
lated on the PU and Perceived Ease of Use subscales of the
Technology Acceptance Model about their experience.
The results show a moderate to high acceptance of the
ARNA robot for the patient sitting task of fetching. Overall,
the work presents a basis for continued evaluation of the ac-
ceptability of the ARNA robot (and similar robots) in a pa-
tient sitter task.

Time saved for nurses is an important concept during an
international nursing shortage. Eliminating patient sitters
while maintaining safe, effective, and acceptable healthcare
is a worthy goal. Any tasks that can be accomplished effec-
tively and safely by technology are important to note. Re-
search that includes economic analyses of the use of robots
in healthcare is indicated and would include calculations of
nursing time and patient sitter time as compared with costs
to purchase and operate service robots.

Although this paper is a notable contribution to studies
that would foster the acceptability and widespread usage of
robots as patient sitters, future research should include con-
ducting more longitudinal studies that feature other technol-
ogy acceptance frameworks such as Decomposed Theory of
Planned Behavior,22 which presents a model for understand-
ing behavior of users with a technology based on the rela-
tionship between their beliefs, attitudes, and intention. An-
other suggested framework is the Perceived Characteristics
of Innovating theory that shows how major characteristics
of a technological innovation—namely, relative advantage,
compatibility, complexity, trialability, and observability—
can impact its actual usage.23,24

Fetching and retrieving items is just one of many possibil-
ities for which robots can be programed. Nurses and engi-
neers must continue to effectively collaborate to design and
refine robots that meet the needs of healthcare facili-
ties.4,21,25 Acceptability data should inform further develop-
ment. Interestingly, an analysis of recent social media posts
indicates public acceptance of the use of robots in healthcare,
which will potentially impact the openness of nurses and
other healthcare workers to this labor-saving innovation.10
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