International Journal of Social Robotics (2025) 17:1809-1820
https://doi.org/10.1007/s12369-025-01215-8

®

Check for
updates

First Integration of a Service Robot and a Communication Application
into a Nursing Isolation Setting — An Observational Study Evaluating
Walking Distances, Stress and Radiation Doses

Angelika Warmbein'® . Laura Sehn'® - lvanka Rathgeber’ - Janesca Seif' - Christoph Ohneberg?
Nicole Stobich?® . Astrid Delker? - Christian Zach? - Inge Eberl*® . Uli Fischer'

Accepted: 11 January 2025 / Published online: 5 February 2025
© The Author(s) 2025

Abstract

Nurses spend a significant proportion of a workday on non-nursing or auxiliary tasks, mainly due to the unilateral patient
call system. This leads to work interruptions, a decrease in quality of care and stress for nurses. One approach for reliev-
ing nurses is the integration of new technologies. We performed an interventional study for seven months in a nuclear
medicine station in a maximum care hospital, where we integrated a smartphone app for patient-staff communication
in combination with a service robot for delivery of non-nursing and service items and evaluated the effects on walking
distances and stress. We also examined the radiation dose to the nursing staff. To this purpose, we observed nurses at
nine different time points for six shifts to measure walking distances and interruptions. Additionally, nurses and service
personnel completed a questionnaire adapted from the NASA RAW TLX at the end of each shift to assess stress. Short
walking distances accounted for the largest share of the caregivers’ walking distances. There was no direct effect of the
technique on stress levels and walking distances, only a shift towards shorter walking distances with longer implementa-
tion. The total number of walking distances seemed to be proportional to the feeling of interruption and the individually
experienced stress. This first use of the combined technology implementation in the acute clinic worked well. While this
work provides an initial indication of where the implementation of this combined technology could potentially relieve the
burden on nurses and service staff, further research is needed to establish causal relationships.

Trial registration details
The trial was registered with the German Clinical Trials Register (DRKS) on 16.02.2022:DRKS00028127.
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1 Background

In hospitals, nurses play a crucial role as they are always
present at the patient’s bedside and act as a vital link
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The non-nursing tasks were primarily due to the patient
call system and unilateral patient requests [11]. The patient
call system merely indicates that a patient needs assistance
without providing specific details about the urgency, nature,
or extent of the need. As a result, these requests interrupt
nursing tasks and processes, leading to increased complex-
ity in the nursing workflow [12—16]. Other interruptions
include brief face-to-face interactions between nurses [14]
while a smaller percentage is attributed to work system fail-
ures such as missing medications [8]. Consequently, these
non-nursing tasks and workflow interruptions can nega-
tively impact the quality of inpatient care [17] and contrib-
ute to the occurrence of medical errors [18]. In addition,
they leave nurses with less time to devote to their core
nursing responsibilities, which can lead to increased stress
levels, job dissatisfaction, higher turnover rates, or even
intentions to leave the profession [1, 12, 14, 18-20]. This
issue is not limited to specific specialties or functional areas
within hospitals, but rather represents a pervasive challenge
[3, 21, 22].
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Fig. 1 Patient view of the Cliniserve App
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Technological advances, such as robots or smartphone
applications, offer new potential solutions for restructur-
ing work processes [3, 23, 24] and reducing the burden on
nurses. By now, the usage in healthcare remained limited [3,
25-29]. One promising approach to support nurses might
be to combine several technologies to generate the great-
est possible benefit. So far, however, the implementation
of robotic systems has hardly gone beyond the test phase
[29]. In light of the shortage of nursing staff, it is crucial to
examine more closely whether service robots can relieve the
burden on nursing staff by taking over transportation tasks,
for example [6].

To date, only a limited number of studies have examined
the use of communication apps and service robots in hospi-
tal settings [28-31]. These studies have examined nurses’
perceptions of robots in a nursing context [32] and have
identified a need and desire for robotic assistance [33, 34].
However, they do not provide comprehensive insights into
the extent to which service robots, particularly when paired
with a smartphone application, can effectively support and
reduce the daily workload of nurses. Sommer et al. suggest
to investigate the usage of different types of service robots
in different departments to optimize utilization [6].

Although there are studies that deal with the use of robots
on a nuclear medicine ward, e.g. to record vital data and
radiation doses of patients [35] or to use a passive robot for
fluoroscopy-guided arterial puncture [36], to our knowledge
there are no studies to date that investigate the use of service
robots and their influence on the radiation exposure of staff
on a nuclear medicine ward. The fact that more and more
radiopharmaceuticals are being produced makes it impor-
tant and essential to control the dose for nuclear medicine
staff [37]. Using service robots on a nuclear medicine ward
could have the potential to reduce radiation exposure for
nursing staff, as patient contact for certain tasks could be
reduced by having the corresponding tasks performed by a
robot.

Within the REsPonSe project (Robot system for reliev-
ing nurses from service activities), which was carried out
on a nuclear medicine ward, we linked two technologies to
improve communication between patients and station staff
[38] and reduce radiation exposure.

The first technology, the Cliniserve smartphone app
[39] allowed patients to submit service requests (e.g. such
as drinks or fresh towels), information about therapy (e.g.
empty infusion bag or stopped infusion), and their health
status (e.g. pain or discomfort) using predefined buttons (see
Fig. 1). Apart from predefined tasks for the service robot,
the app sent the requests to the correct and responsible pro-
fessional group in the nursing or service area. The recipients
received the request on their professional smartphone and
could confirm, forward, or ask queries in a timely manner.
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As a result, the patient received feedback on their request as
quickly as possible.

The second technology used was the JEEVES service
robot (see Fig. 2) [40]. Originally designed as a moving
minibar for the hotel industry, JEEVES was adapted to
the requirements of an acute care hospital as part of the
REsPonSe research project. The robot is equipped with four
refrigerated drawers and can autonomously navigate the
corridor through a predefined map. The service robot had
existing safety mechanisms, such as avoiding objects and
people.

For this study we implemented a combined technology,
we linked both these technologies so that patient requests
for water, towels, cool packs and toothbrushes went directly
to the service robot via the Cliniserve app. The robot then
processed the requests and autonomously delivered the
requested items. Here we used the Cliniserve app to con-
trol the process, such as the arrival or opening of the draw-
ers. The Cliniserve app forwarded all other requests to the
responsible professional group. Then we observed what

Fig. 2 Service robot JEEVES ©Robotise AG 2020

effects the implementation of the combined technology had
on nurses and service staff.

1.1 Aim

According to previous rsearch [6, 28-32] we aimed to
investigate the effects of integrating a combined technol-
ogy consisting of a robot for delivering service items and
a smartphone application for patients and station staff. Spe-
cifically, we aimed to measure the effects on (a) walking dis-
tances, (b) stress levels, and (c) radiation exposure on nurses
and service staff in the context of a nuclear medicine station.

2 Methods
2.1 Design and Study Setting

The study was part of the interventional mixed-methods
study [41, 42] of the REsPonSe project [38]. In here, we
conducted an observational study design [43] to evaluate
walking distances with a self-designed standardized obser-
vation scheme [44, 45] and examined the stress load at the
end of the observed shifts using a standardized question-
naire based on the Raw NASA TLX [46—48].

We conducted the study in a nuclear medicine station
within a university hospital located in the southern region of
Germany. The station consisted of two corridors, each con-
taining nine patient rooms. The investigation took place in
one corridor because the corridors in between were secured
by fire doors and thus no passage for the service robot could
be guaranteed. On a morning or afternoon shift, two to three
nurses worked on the station, supported by two service staff
who assisted with service activities on weekdays from 8 am
to 3 pm. The measurements were only carried out during
the early and late shifts and not during the night shift. This
was due to the division into care areas on the ward. While
the ward was divided into 3 areas during the early and late
shifts, there were only 2 care areas during the night shift. In
order to avoid distortion of the data due to generally longer
walking distances, data was therefore only collected in the
early and late shifts.

The patients admitted to this station receive elective ther-
apies for a duration of three to five days, following a regu-
lar rotation of 612 weeks. These patients were in a stable
health condition and stayed isolated in their rooms for 48 h
after therapy administration [49], during which basic care
and meal administration were not required. The nature of
the therapy led to minimal visitor traffic on the station and
very few emergency transports.

@ Springer
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2.2 Evaluation Plan

We conducted the study over a period of seven months. On
average, one-week survey periods were set every three to
four weeks. During each period, we monitored six shifts of
one nursing staff member each to identify changes, provide
support and monitor (see Fig. 3). One Tuesday, one Thurs-
day and one day on the weekend were accompanied in the
early and late shifts. Because the therapies, and therefore the
processes on the unit, were structured and planned, the data
was comparable.

In the first month, we conducted a baseline survey (t0)
without new technologies. In the second month (tl), we
introduced the Cliniserve app. For this, all nursing and
service staff received one hour of training in the use of the
app. Nine smartphones were provided on the unit for staff
and two smartphones for patients in case they wanted to
participate in the study but did not have a suitable device
with them. The manufacturer trained the staff to explain the
technology to patients and to install the app on their smart-
phones if they wanted to participate in the study. In addition,
we placed information material in the patient rooms and as
well in the station floors.

In the third month (t2), the service robot JEEVES was
installed on the station floor. Employees of the manufacturer
carried out a mapping and trained the station staff in its han-
dling (regarding cleaning, refilling, possible error messages
and handling in case of emergency). To ensure safety, robot
operators were at the station from 9 am Tuesday through
Sunday, adjusted during the process to 8 am, until 6 pm.
The service robot was only on site during the supervision by
the manufacturing company. Observations took place every
3—4 weeks to adequately document use and potential relief.

In the last month (t9), we realized autonomous operation.
Here, the robot operators were only on site to intervene in
case of emergency.

2.3 Description of Materials

2.3.1 Standardized Observation Scheme for Walking
Distances

To ensure comprehensive documentation of the tasks per-
formed by individual nurses during a single shift, we
assigned each task a unique number. For every task, we
recorded the requester, walking distance (categorized
in collaboration with nurses as short <10 m, medium
10<x>30 m, long>30 m), duration in minutes, and a task
description. For the sake of simplicity, short distance is cal-
culated with approx. 5 m, medium with approx. 20 m and
long with approx. 30 m to provide an approximate walk-
ing distance in meters. The categorization of walking dis-
tances was recommended by an experienced caregiver. As a
pedometer would have led to distortions due to the different
step lengths of the caregivers, we decided on a categoriza-
tion system. Based on the assessment of the nursing staff on
the shift, we defined which distances were classified as long,
short and medium. An initial measurement of the distances
was carried out on the ward using the Bosch Professional
GLM 50 C laser distance meter. During the observation of
a shift, a member of the study team then noted the differ-
ent distances per task and categorized them accordingly. We
documented only work-related tasks and did not rate their
performance.

2.3.2 Questionnaire about the Perceived Workload

In addition, the employees of the respective observed shift
assessed their subjective perceived workload using a stan-
dardized questionnaire. The questionnaire consisted of six
questions focusing on the perceived workload during the
shift. The questions relied on the NASA Task Load Index
(TLX) and utilized a 20-point Likert scale [46, 47]. The six
questions specifically addressed interruptions, complexity,
situational stress, performance, effort, and frustration. Prior
to participating, we obtained written informed consent from
the participants. Both survey methods were tested in a pre-
liminary study [50].

Baseline Integration Integration Cliniserve App and Service
evaluation  Cliniserve App  Robot JEEVES
to t1 t2-t3-t4-t5-t6-t7-t8-1t9

6 observations per
time point

18-24 completed
questionnaires per
evaluation time point

Fig. 3 Evaluation Plan
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2.3.3 Radiation Exposure

Data was recorded over several months (during robot use
and the comparison period). Each nurse wore an electronic
(=directly readable) dosimeter for each shift and recorded
the values at the end of the shift. We compared these col-
lected values for the two periods.

2.4 Participants

We included the nursing staff of the hospital’s nuclear ward
who were involved in testing the combined digital-robotic
system. They had a skill level 6 or higher qualification
according to the European Qualifications Framework for
Higher Education [51] and different years of experience.
In addition to the 16 participants from the nursing staff, 2
service assistants were also included who had no nursing
training and carried out service activities such as bringing
drinks, food, towels or a newspaper instead of nursing tasks.
Examples of nursing activities would include changing ban-
dages or emptying bladder catheters. After informed and
written consent, they were included in the study. There was
therefore a pool of nursing and service staff, 2 male and 16
female, who took part in the nine measurement points. Other
people not involved in this observational study who were
present during the observed shift or during tasks around the
observed person were only recorded if the observed per-
son was directly approached/talked to or involved. For the
questionnaire, all nurses and service persons who worked
during the observed shift and gave informed consent were
included. Due to the shift system and some part-time staff,
it was not always possible to accompany the same nursing
staff during their shift. Repeated measurements of the same
nursing staff at different times are therefore possible. Direct
measurement by the research team and control of the com-
pletion of the questionnaire prevented missing data.

2.5 Analysis

First, we analyzed the data descriptive [52] using SPSS Sta-
tistics Version 29 software [53]. In here, we described the
characteristics for every time point for the observations and
the questionnaires. We conducted Kolmogorov-Smirnov
tests to check whether the data follows a normal distribu-
tion. We analyzed the data descriptively and calculated
chi-squared test and posthoc tests for walking distances.
Chi-square tests were carried out at the decisive points in
time t0: baseline, t1: implementation of the app, t2: imple-
mentation robot, t8: final phase of supported use of the tech-
nologies with a significance level of <0.001 after bonferroni
correction. These points in time were chosen to indicate
changes in the best possible way.

When evaluating the questionnaire, we focused on stress.
The other components were analyzed graphically with
Excel. The radiation exposure to the nursing staff measured
with an electronic dosimeter (DMC 3000; Mirion Technolo-
gies, Atlanta, Georgia, United States) during the roboter
test phase was compared to a measurement period without
roboter assistance (Wilcoxon sum test).

The data from the comparative periods on radiation expo-
sure were tested for the hypothesis of whether the use of
the digital-robotic system has an influence on the radiation
exposure of employees. For this purpose, significance tests
are carried out if changes in radiation exposure are detected.

3 Results

The Kolmogorov-Smirnov tests for walking distances (num-
ber of interruptions, replaceability by DRS and duration)
and the questionnaire items (interruption, stress, complex-
ity, performance and effort) were significant with p<.001
indicating non-normal distribution.

3.1 Walking Distances

Across all time points in the survey, nurses walked 3444
distances in their shifts. These are divided into 2.299 (67%)
short distances, 629 (18%) medium distances, and 516
(15%) long distances. The nurses walked in total approxi-
mately 39.555 m (range between 2455 and 5629 m). A
detailed overview of the walking distance distribution
across all time points can be found in the supplementary
material (Online Resource 1).

Short walking distances made up most of the walking
distances in a range from 62.42 to 71.21%. Figure 4 shows
that in the baseline survey without technologies, the highest
percentage of participants walked short distances (62.42%),
followed by 22.93% medium and 14.65% long walking
distances. At tl (implementation of the communication
application), there was an increase in short and long dis-
tances and a decrease in medium distances in comparison to
baseline. At t2 (additional implementation of service robot)
and subsequent t-points, the percentage of shorter distances
increases. For t8 (final phase of supported use of the technol-
ogies) there is a strong decrease in long walking distances
observable in comparison to the time points in advance. At
t9 (stand-alone use without support) long walking distances
slightly increase again, but still remain lower than in t0-t7.

A chi-square test of independence showed a significant
association between walking distances and observation time
points X? (6, N=1231)=20,281, p=.002. Posthoc tests were
performed pairwise between t0, tl, t2 and t8 (see Online
Resource 2). After adjusting the alpha according to the

@ Springer
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Fig.4 Overview of walking distances (in %) by time points

Table 1 Population characteristics questionnaires

time total percentage amount amount pres-

point questionnaires nurses  service ence of
service
personal

t0 19 11% 16 3 53%

tl 18 11% 13 5 78%

2 19 11% 15 4 58%

t3 20 12% 17 3 50%

t4 15 9% 11 4 67%

t5 14 8% 12 2 50%

t6 19 11% 15 4 53%

t7 14 8% 11 3 57%

t8 16 9% 14 2 56%

t9 18 11% 15 3 56%

total 172 100% 139 33 58%

bonferroni method the alpha value was set to <0.001 A sig-
nificant difference X* (2, N=703)=17.573, p=<0.001 was
only detected between t1 (implementation of the Cliniserve
app) and t8 (robot being fully implemented) .

3.2 Situational Stress

A total of 172 questionnaires (range 14—19 per time point)
were completed during the survey period, 81% of which
were completed by nurses (Table 1). The number of ques-
tionnaires was evenly distributed across all survey times
(range 8.1 —11.0%). In 57% of cases, service staff were
present during the surveyed shift to respond to patient ser-
vice requests. All items were fully completed.

The rating of each shift, summarized by time point,
varied over the six months (see Fig. 5). Respondents con-
sistently rated their performance as above average, with a
median score of 17. A comparison of the t0 baseline survey

@ Springer
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with t8 shows a minimal loss of one point. The assessment
of interruptions during the work performed was rated with
a median of 4, fluctuating between minimal interruption
of 2 and slightly moderate interruption of 6. Complexity
and effort show similar value trends, so that a connection
between the items can be assumed. The complexity of the
work processes was rated with 5 at t0, the median shows a
decrease to 4 points. At t8, the effort required to complete
tasks increased by up to 8 points compared to the baseline
survey, with a median of 6. Situational stress increased from
3 to a median of 4 points compared to the baseline survey.

The relationship between respondents’ stress levels and
the presence of service personnel was examined in more
detail (see Table 2). Eight out of ten time points showed
that median stress levels were higher on shifts where service
staff were present. These shifts occurred on weekdays when
admissions/discharges and new treatment prescriptions took
place. Patients without service staff were cared for only
on weekends, when only follow-up care was provided. A
detailed overview table about the presence of service per-
sonnel and the relationship with interruptions, complexity,
performance and effort can be found in the supplementary
material (Online Resource 3).

The stress appears to be for the most part related to the
number of long walking distances and the total number of
walking distances at the respective time points (see Fig. 6).
The feeling of being interrupted behaved similarly to situ-
ational stress. The total number of walking distances was
proportional to the feeling of interruption and the individu-
ally experienced stress.
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Table 2 Median and interquartile range of situational stress across time points

Overview
Median

t0 tl 2 t3 t4 t5 t6 t7 t8 t9 overview median (IQR)

serviceyes 5(11)  6(7) 2(3) 35M@) 76 6(5) 4512 85() 7109 2,5(5)  5(6)
serviceno  2(14) 253) 1) 4(7) 2(5) 0(Q) 34 1 (0) 2(5) 2508 2(3)
total 3(12)  4(8) 212) 405 5(7) 3(8) 34 2(8) 55(06) 255 4(6)
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Fig. 6 Walking distances in relation to perceived stress and interruptions
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3.3 Radiation Exposure

The radiation exposure during the robot test phase was
3+/-7 uSv and 3+/-6 uSv in the comparative time period.
No significant differences were found (p=.23) between the
radiation exposure with and without the usage of the robot
in combination with the app (see Fig. 7).

3.4 Utilization of the Robot and the App
During a two-week observation period in which only the
app was used, a total of 25 patient inquiries were made via

the app. Of these, 41% were service requests and 59% were
care requests. Over the six-month period in which the app

@ Springer

was used in combination with the robot, a total of 657 patient
requests were made via the app. 75% of these were service
requests and 25% were care requests. Figure 8 shows an
overview of the distance driven by the robot per week.

4 Discussion

There was no direct effect of the implementation of either
combined or separate technology on walking distance, stress
levels and radiation exposure only a shift towards shorter
walking distances with longer implementation. Beyond this,
the total number of walking distances appeared to be pro-
portional to the feeling of interruption and the individual
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situational stress experienced. However, there were too
many confounding factors to assess causality, and no linear
relationships.

To our knowledge, there is no other study that examined
the use of a service robot in a comparable setting. However,
due to the COVID-19 pandemic, considerations have been
made about the use of robots to minimize physical contact
and prevent infection. It is possible to deliver medicines,
food trays and medical supplies or dispose of contaminated
waste in a hospital [54, 55]. In addition to reducing the risk
of contamination, this could also shorten walking distances
for nursing staff.

We observed an association between the amount of walk-
ing distances, especially long walking distances, covered by
a nurse during her shift and the perceived stress. Previous
literature has found that walking is a major contributor to
physical workload and takes up a large proportion of nurses’
time [12, 56]. In contrast to digital applications like the ones
we used in the study, there are also approaches such as
decentralizing the station base to reduce walking distances.
In a study by Copeland and Chambers, the number of steps
and energy consumption could be significantly reduced by
decentralizing the base [56].

No significant differences were found between the walk-
ing distances at baseline status compared to when using the
app, as well as the baseline status compared to the usage of
the app and robot in combination. The significant difference
between the walking distances when only the app is used
compared to the app in combination with the robot empha-
sizes that the combined use has the potential to reduce long
walking distances for nursing staff. However, even if this is
the case, the clinical relevance of these results is debatable,
as.

Even though the reduction in service activities in terms of
walking distances is positive, it needs to be considered that
there is additional work involved in explaining the technol-
ogies and setting up the communication app for all patients
[57]. While a known stress factor is eliminated, a new one is
added to which the nursing staff are not yet accustomed and
which can cause additional stress [58].

In our study, an association was observed between situ-
ational stress and perceived interruptions. A high number of
interruptions also seems to be associated with a high level
of stress. This is in line with previous studies which found
that higher stress levels can be caused by numerous inter-
ruptions [59—61]. Moreover, a lack of time and resources to
complete the task has been identified as a stress factor [19]
as well as the overall workload [19, 62]. A study of Shan et
al. [63] showed that disrupting nurses can lead to increased
mental workload and negative outcomes. They suggest that
nurses’ mental workload can however be reduced and better

managed if nurses are properly trained to deal with the inter-
ruptions [63].

Stress is experienced differently dependent on the indi-
vidual [64] and also influenced by how high the personal
workload is [19]. A description of the surveyed person’s
working day is relevant in order to adequately evaluate their
feelings. The NASA TLX has already been validated as an
instrument to measure subjective workload in the health
care sector [65] and is frequently being used [63, 65, 66].
The preliminary study across different wards in the hospi-
tal showed that the mean situational stress ranged from 4
to 14 depending on the ward [50]. Previous studies have
indicated that nurses working in intensive care units and
emergency wards are exposed to higher levels of stress than
nurses working on other wards [62, 67, 68]. However there
was also a study indicating that nurses in the neurosurgery
department exhibited a higher degree of objective stress
when compared to their counterparts in the intensive care
unit [69]. The level of stress can therefore vary in the dif-
ferent departments of a hospital and between hospitals and
must be taken into account when evaluating the perception
of stress [68, 69].

There was no advantage to using the robot in terms of
radiation exposure for nursing staff. This is probably due to
an already existing high-level standard for radiation protec-
tion. The nursing staff are already well trained in radiation
protection and minimize patient contact as far as possible.
Approximately 70% of evaluated work shifts revealed a
radiation exposure of less than 2 uSv. Otherwise, significant
radiation exposure occurs in particular during very complex
nursing activities, which of course cannot be performed by
the robot.

In the future, inpatient care will face more challenges
with the limited availability of trained nurses [27]. Tech-
nology might be one of many answers to this shortage of
health-care professionals, with the potential to replace or
support everyday ward tasks that do not require a nurse
and do not affect the quality of care provided to patients.
Assistive Robots performing pick-up and delivery services
can streamline food distribution, improve medication dis-
tribution, contribute to infection prevention by minimizing
human contact, and provide user-specific delivery services
[70]. By integrating robotic assistants into these areas,
healthcare facilities can increase efficiency, reduce staff
workload and improve the overall quality of patient care.
These different possible applications of robots in nursing
care will however require detailed studies in the future to
evaluate whether the large-scale integration of such tech-
nologies is feasible. In addition, the impact of technology on
communication and the relationship between patients and
nursing staff must be monitored.
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4.1 Limitations

Some limitations should be in mind when interpreting our
results. Observational studies are vulnerable to selection
bias. Since we observed only one ward and one nurse per
shift due to limited staffing resources, it was not possible
to determine the distribution of tasks within each shift or
whether this nurse performed more or less than an average
number of tasks. The researchers only measured the walking
distances categorically at specific points during the survey,
which may have resulted in deviations from actual walk-
ing distances. As filling out the questionnaire was voluntary,
it is possible that only motivated personnel undertook this
activity. Given that the focus of the study was on nursing
and service staff, the effects on patients when using the app
and the robot were not examined in detail, which can be
considered a limitation.

5 Conclusion

This first use of the combined technology implementation
in the acute clinic worked well. There was no direct effect
of the combined technology on stress levels and walking
distances, only a shift towards shorter walking distances
was recognizable. The data from this study are not yet suf-
ficient to reflect the effects of long-term use but provide a
starting point for further investigations. Since shortages of
skilled workers and demographic change are making patient
care increasingly difficult and more complex, approaches to
relieving the burden on nurses must be sought and inves-
tigated. There is a need for further research into testing in
other departments that are less strictly regulated. While this
work provides an initial indication of where the implemen-
tation of this combined technology could potentially relieve
the burden on nurses and service staff - a reduction of walk-
ing distances might facilitate the work and thus counteract
the stress level of nurses, further research is needed to estab-
lish causal relationships.

Acknowledgements We thank Astrid Kruppa and Julian Nast-Kolb
from Cliniserve for providing the application and Oliver Stahl and Ais-
sam Bahou for providing and guiding the use of the robot. We would
also like to thank Judith Kammer and her team from the nuclear medi-
cine ward for their support and the opportunity to conduct the study
there.

Author Contributions Conceptualization and Methodology: Ange-
lika Warmbein, Ivanka Rathgeber, Uli Fischer; Investigation: Ivanka
Rathgeber, Janesca Seif, Angelika Warmbein, Astrid Delker, Christian
Zach; Formal analysis and Writing original draft: Angelika Warmbein,
Laura Sehn, Astrid Delker, Christian Zach; Writing - review and ed-
iting: Christoph Ohneberg, Nicole Stdbich, Inge Eberl, Uli Fischer;
Funding acquisition: Inge Eberl, Uli Fischer; Resources: German Fed-
eral Ministry of Education and Research (funding code 16SV8416);

@ Springer

Supervision: Uli Fischer; All authors read and approved the final
manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

The funding program “Robotics in Care” by the German Federal Min-
istry of Education and Research (funding code 16SV8416) funded this
study. The funder was not involved in the planning and conduct of the
study, and was only informed of the progress and results of the project.

Data Availability The data that support the findings of the study are not
openly available due to reasons of sensibility but are available from the
corresponding author on reasonable request.

Declarations

Ethics Approval All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki Declaration and its later amendments or comparable ethical
standards. The study was approved by the Ethics Committee of the
Medical University of Ludwig-Maximilian University Munich, Ger-
many (No. 21-1202).

Employment Not applicable.

Informed Consent Informed consen was obtained from all individual
participants included in the study.

Competing Interests All authors certify that they have no affiliations
with or involvement in any organization or entity with any financial
interest or non-financial interest in the subject matter or materials dis-
cussed in this manuscript.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Moreland JJ, Apker J (2016) Conflict and stress in hospital nurs-
ing: improving communicative responses to Enduring Profes-
sional challenges. Health Commun 31(7):815-823

2. Grosso S, Tonet S, Bernard I, Corso J, Marchi Dd, Dorigo L et al
(2019) Non-nursing tasks as experienced by nurses: a descriptive
qualitative study. Int Nurs Rev 66(2):259-268

3. Chang H-Y, Huang T-L, Wong M-K, Ho L-H, Wu C-N, Teng
C-1 (2021) How Robots Help nurses Focus on Professional Task
Engagement and reduce nurses’ turnover intention. J Nurs Schol-
arship: Official Publication Sigma Theta Tau Int Honor Soc Nurs
53(2):237-245


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

International Journal of Social Robotics (2025) 17:1809-1820

1819

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Grosso S, Longhini J, Tonet S, Bernard I, Corso J, Marchi Dd et al
(2021) Prevalence and reasons for non-nursing tasks as perceived
by nurses: findings from a large cross-sectional study. J Nurs Adm
Manag 29(8):2658-2673

Bruyneel L, Li B, Aiken L, Lesaffre E, van den Heede K, Sermeus
W (2013) A multi-country perspective on nurses’ tasks below
their skill level: reports from domestically trained nurses and
foreign trained nurses from developing countries. International
journal of nursing studies;50(2):202-9

Sommer D, Kasbauer J, Jakob D, Schmidt S, Wahl F (2024)
Potential of Assistive Robots in clinical nursing: an Observational
Study of nurses’ transportation tasks in rural clinics of Bavaria.
Ger Nurs Rep 14(1):267-286

Harrison L, Nixon G (2002) Nursing activity in general intensive
care. J Clin Nurs 11(2):158-167

Biron AD, Loiselle CG, Lavoie-Tremblay M (2009) Work inter-
ruptions and their contribution to medication administration
errors: an evidence review. Worldviews Evidence-based Nurs
6(2):70-86

Scott PA, Kirwan M, Matthews A, lehwaldt D, Morris R, Staines
A (2013) Report of the Irish RN4CAST Study 2009-2011: A
nursing workforce under strain

Zander B, Dobler L, Baumler M, Busse R (2014) Implizite Ratio-
nierung Von Pflegeleistungen in Deutschen Akutkrankenhdusern
- Ergebnisseer Internationalen Pflegestudie RN4Cast. Gesund-
heitswesen. Georg Thieme Verlag KG 76(11):727-734

Fiedler KM, Weir PL, van Wyk PM, Andrews DM (2012) Ana-
lyzing what nurses do during work in a hospital setting: a feasibil-
ity study using video. Work 43(4):515-523

Hendrich A, Chow MP, Skierczynski BA, Lu Z (2008) A 36-hos-
pital time and motion study: how do medical-surgical nurses
spend their time? Permanente J 12(3):25-34

Udod S, Care W (2012) Walking a tight rope’: an investigation
of nurse managers’ work stressors and coping experiences. J Res
Nursing( 18(1):67-79

Alvarez G, Coiera E (2005) Interruptive communication pat-
terns in the intensive care unit ward round. Int ] Med Informatics
74(10):791-796

Hedberg B, Larsson US (2004) Environmental elements affect-
ing the decision-making process in nursing practice. J Clin Nurs
13(3):316-324

Hopp PJ, Smith CAP, Clegg BA, Heggestad ED (2005) Interrup-
tion management: the use of attention-directing tactile cues. Hum
Factors 47(1):1-11

Hammad M, Guirguis W, Mosallam R (2021) Missed nursing
care, non-nursing tasks, staffing adequacy, and job satisfaction
among nurses in a teaching hospital in Egypt. J Egypt Public
Health Assoc 96(1):22

Park JY, Hwang J (2021) Relationships among non-nursing tasks,
Nursing Care Left Undone, nurse outcomes and medical errors in
Integrated nursing care wards in small and medium-Sized Gen-
eral hospitals. ] Korean Acad Nurs 51(1):27-39

Qin Z, Zhong X, Ma J, Lin H (2016) Stressors affecting nurses in
China. Contemp Nurse 52(4):447-453

Dewe PJ (1987) Identifying the causes of nurses’ stress: a survey
of New Zealand nurses. Work Stress 1(1):15-24

Weber J, Catchpole K, Becker A, Schlenker B, Weigl M (2018)
Effects of flow disruptions on mental workload and surgical per-
formance in robotic-assisted surgery. World J Surg 42):3599-3607
Numerof RE, Abrams MN (1984) Sources of stress among
nurses: an empirical investigation. J Hum Stress 10(2):88-100
Freeman WD, Sanghavi DK, Sarab MS, Kindred MS, Dieck EM,
Brown SM et al (2021) Robotics in simulated COVID-19 patient
room for Health Care Worker Effector tasks: preliminary, feasi-
bility experiments. Mayo Clin Proc Innovations Qual Outcomes
5(1):161-170

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Fischer U, Nast-Kolb J (2018) Digital communication systems
can enhance patient und employee satisfaction und may help to
reduce physical workload of nurses. Zukunft der Pflege Tagungs-
band der 1. Clusterkonferenz Innovative Technologien fiir die
Pflege. Available from: https://www.google.com/url?sa=t%26rc
t=j%26q=%26esrc=s%26source=web%26cd=%26ved=2ahUKE
wiwn5Cpy j3AhVaS EDHYrvDilQFnoECAcQAQ%26url=http
8%3A%2F%2Fwww.ehealthandsociety.eu%2Ffileadmin%2FeH
ealth_society%?2Fcliniserve fom_ehealthsociety sendedition.pd
1%26sg=A0vVaw217jDQxwpBj1qeBILyZ300

Servaty R, Kersten A, Brukamp K, Mdhler R, Mueller M (2020)
Implementation of robotic devices in nursing care. Barriers and
facilitators: an integrative review. BMJ open 10(9):e038650
Abdi J, Al-Hindawi A, Ng T, Vizcaychipi MP (2018) Scoping
review on the use of socially assistive robot technology in elderly
care. BMJ open;8(2):¢018815

Archibald MM, Barnard A (2018) Futurism in nursing: tech-
nology, robotics and the fundamentals of care. J Clin Nurs
27(11-12):2473-2480

Ohneberg C, Stobich N, Warmbein A, Rathgeber I, Fischer U,
Eberl T (2021) Assistive und serviceorientierte Robotik in Der
Pflege: Ergebnisse eines scoping reviews. Digital: 20. Deutscher
Kongress fiir Versorgungsforschung

Ohneberg C, Stobich N, Warmbein A, Rathgeber I, Fischer U,
Eberl I (2021) Service Robotics in Nursing Care. The Preliminary
Results of a Scoping Review. 281

Maalouf N, Sidaoui A, Elhajj IH, Asmar D (2018) Robotics in
nursing: a scoping review. J Nurs Scholarship: Official Publica-
tion Sigma Theta Tau Int Honor Soc Nurs 50(6):590-600
Mettler T, Sprenger M, Winter R (2017) Service robots in hospi-
tals: new perspectives on niche evolution and technology affor-
dances. Eur J Inform Syst 26(5):451-468

Glasgow MES, Colbert A, Viator J, Cavanagh S (2018) The
Nurse-Engineer: a New Role to Improve Nurse Technology
Interface and Patient Care device innovations. J Nurs Scholar-
ship: Official Publication Sigma Theta Tau Int Honor Soc Nurs
50(6):601-611

Pu L, Moyle W, Jones C (2020) How people with dementia per-
ceive a therapeutic robot called PARO in relation to their pain and
mood: a qualitative study. J Clin Nurs 29(3—4):437-446

Lee J-Y, Song YA, Jung JY, Kim HJ, Kim BR, Do H-K et al
(2018) Nurses’ needs for care robots in integrated nursing care
services. Journal of advanced nursing

Li D, Gao D, Fan S, Lu G, Jiang W, Yuan X et al (2022) Effec-
tiveness of mobile robots collecting vital signs and radiation dose
rate for patients receiving lodine-131 radiotherapy: a randomized
clinical trial. Front Public Health 10:1042604

Khan MUA, Yoon CH, Yi BJ (2019) Reduction of operator radia-
tion exposure using a passive robotic device during fluoroscopy-
guided arterial puncture: an experimental study in a swine model.
Eur Radiol Exp 3(1):20

Riveira-Martin M, Struelens L, Mufioz Iglesias J, Schoonjans
W, Tabuenca O, Nogueiras JM et al (2023) Radiation exposure
assessment of nuclear medicine staff administering [177Lu]
Lu-DOTA-TATE with active and passive dosimetry. EINMMI
Phys 10(1):70

Ohneberg C, Warmbein A, Stobich N, Rathgeber I, Kruppa A,
Nast-Kolb J et al (2022) Study protocol for the implementation
and evaluation of a digital-robotic-based intervention for nurses
and patients in a hospital: a quantitative and qualitative triangula-
tion based on the Medical Research Council (MRC) framework
for developing and evaluating complex interventions. BMC Nurs
21(1):349

Cliniserve GmbH The digital task management (2021) Available
from: https://www.cliniserve.de/en/digitales-aufgabenmanageme
nt/

@ Springer


https://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=%26ved=2ahUKEwiwn5Cpy_j3AhVaS_EDHYrvDiIQFnoECAcQAQ%26url=https%3A%2F%2Fwww.ehealthandsociety.eu%2Ffileadmin%2FeHealth_society%2Fcliniserve_fom_ehealthsociety_sendedition.pdf%26sg=AOvVaw2I7jDQxwpBj1qeBILyZ3Oo
https://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=%26ved=2ahUKEwiwn5Cpy_j3AhVaS_EDHYrvDiIQFnoECAcQAQ%26url=https%3A%2F%2Fwww.ehealthandsociety.eu%2Ffileadmin%2FeHealth_society%2Fcliniserve_fom_ehealthsociety_sendedition.pdf%26sg=AOvVaw2I7jDQxwpBj1qeBILyZ3Oo
https://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=%26ved=2ahUKEwiwn5Cpy_j3AhVaS_EDHYrvDiIQFnoECAcQAQ%26url=https%3A%2F%2Fwww.ehealthandsociety.eu%2Ffileadmin%2FeHealth_society%2Fcliniserve_fom_ehealthsociety_sendedition.pdf%26sg=AOvVaw2I7jDQxwpBj1qeBILyZ3Oo
https://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=%26ved=2ahUKEwiwn5Cpy_j3AhVaS_EDHYrvDiIQFnoECAcQAQ%26url=https%3A%2F%2Fwww.ehealthandsociety.eu%2Ffileadmin%2FeHealth_society%2Fcliniserve_fom_ehealthsociety_sendedition.pdf%26sg=AOvVaw2I7jDQxwpBj1qeBILyZ3Oo
https://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=%26ved=2ahUKEwiwn5Cpy_j3AhVaS_EDHYrvDiIQFnoECAcQAQ%26url=https%3A%2F%2Fwww.ehealthandsociety.eu%2Ffileadmin%2FeHealth_society%2Fcliniserve_fom_ehealthsociety_sendedition.pdf%26sg=AOvVaw2I7jDQxwpBj1qeBILyZ3Oo
https://www.google.com/url?sa=t%26rct=j%26q=%26esrc=s%26source=web%26cd=%26ved=2ahUKEwiwn5Cpy_j3AhVaS_EDHYrvDiIQFnoECAcQAQ%26url=https%3A%2F%2Fwww.ehealthandsociety.eu%2Ffileadmin%2FeHealth_society%2Fcliniserve_fom_ehealthsociety_sendedition.pdf%26sg=AOvVaw2I7jDQxwpBj1qeBILyZ3Oo
https://www.cliniserve.de/en/digitales-aufgabenmanagement/
https://www.cliniserve.de/en/digitales-aufgabenmanagement/

1820

International Journal of Social Robotics (2025) 17:1809-1820

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Robotise AG (2023) JEEVES: healthcare. Miinchen Available
from: https://robotise.eu/healthcare

Creswell J, Klassen A, Plano Clark V, Smith C (2011) For the
Office of Behavioral and Social Research: Best practices for
mixed methods research in the health sciences. Available from: ht
tps://www.obssr.od.nih.gov/wp-content/uploads/2018/01/Best-Pr
actices-for-Mixed-Methods-Research-in-the-Health-Sciences-20
18-01-25.pdf

Creswell J, Plano Clark V (2011) Designing and conducting
mixed methods research, 2 edn. Sage, Los Angeles; New Delhi;
Singapur; Washington DC

Baur N, Blasius J (eds) (2013) Handbuch Methoden Der
Empirischen Sozialforschung. Springer, Wiesbaden

Schnell R, Hill P, Esser E (1999) Methoden Der Empirischen
Sozialforschung, 6 edn. Oldenbourg, Miinchen; Wien

Kauffeld S (2009) Strukturierte Beobachtung. In: Kiihl S, editor.
Handbuch Methoden der Organisationsforschung. 1. Aufl. ed.
Wiesbaden: Verl. fiir Sozialwiss. / GWV Fachverl

Hart S, Staveland L (1988) Development of NASA-TLX (task
load index): results of empirical and theoretical research. In: Han-
cock PA, Meshkati N (eds) Human mental workload. Elsevier
Science, Amsterdam, pp 139-183

Weigl M, Miiller A, Angerer P, Hoffmann F (2014) Workflow
interruptions and mental workload in hospital pediatricians: an
observational study. BMC Health Serv Res 14:433

NASA Ames (2022) TLX @ NASA Ames - NASA TLX Paper/
Pencil Version. Available from: https://humansystems.arc.nasa.go
v/groups/TLX/tIxpaperpencil.php

Michalczak H, Rinck R (2013) Richtlinie Strahlenschutz in Der
Medizin 2011. Der Nuklearmediziner 36(01):9—13

Warmbein A, Rathgeber I, Ohneberg C, Stobich N, Stahl O, Trae-
ger M et al (2021)Lauft in Der Pflege? Eine Beobachtungsstudie
zu flegefernen Tatigkeiten, zuriickgelegten Laufstrecken Und Zur
Inanspruchnahme von Personalressourcen im Pflegedienst
europass European Union (n.d.) Description of the eight EQF lev-
els. Available from: https://europass.europa.eu/en/description-eig
ht-eqf-levels

Miiller M (2011) Statistik fiir die Pflege: Handbuch fiir Pflege-
forschung und -wissenschaft. Hogrefe, Bern

IBM Corp (2022) IBM SPSS statistics, 29 edn. IBM Corp.,
Armonk, NY

Christoforou EG, Avgousti S, Ramdani N, Novales C, Panay-
ides AS (2020) The Upcoming role for nursing and Assistive
Robotics: opportunities and challenges ahead. Front Digit Health
2:585656

Yang GZ, B JN, Murphy RR, Choset H, Christensen H, S HC, et
al (2020) Combating COVID-19-The role of robotics in manag-
ing public health and infectious diseases. Sci Robot;5(40)
Copeland D, Chambers M (2017) Effects of Unit Design on Acute
Care nurses’ walking distances, Energy expenditure, and job sat-
isfaction: a Pre-post Relocation Study. Herd 10(4):22-36

@ Springer

57.

S8.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Booth RG, Strudwick G, McBride S, O’Connor S, Solano Lopez
AL (2021) How the nursing profession should adapt for a digital
future, vol 373. BMJ, p n1190

Mahdian A, Adel-mehraban M, Alavi M (2017) TECHNO-
STRESS: MODERN DILEMMA IN THE NURSING
PROFESSION?

Yu EJ, Lee EN (2022) Development and validation of a nursing
work interruption Scale. Int J Environ Res Public Health;19(20)
Brixey JJ, Robinson DJ, Johnson CW, Johnson TR, Turley JP,
Zhang J (2007) A concept analysis of the phenomenon interrup-
tion. ANS Adv Nurs Sci 30(1):E26—42

Conard M, Marsh RF (eds) Single And Multiple Interruptions
Increase Task Performance Time, But Don’t Affect Stress, Pres-
sure or Flow2010

Baye Y, Demeke T, Birhan N, Semahegn A, Birhanu S (2020)
Nurses’ work-related stress and associated factors in governmen-
tal hospitals in Harar, Eastern Ethiopia: a cross-sectional study.
PLoS ONE 15(8):e0236782

Shan Y, Shang J, Yan Y, Ye X (2023) Workflow interruption and
nurses’ mental workload in electronic health record tasks: an
observational study. BMC Nurs 22(1):63

Osei-Mireku G, Wang X, Lartey J, Sarpong F (2020) Individual
Differences in Experiencing Occupational Stress-A Case Study
on Nurses of Tamale Teaching Hospital (TTH). Open Journal of
Business and Management;08

Said S, Gozdzik M, Roche T, Braun J, Rossler J, Kaserer A
et al (2020) Validation of the Raw National Aeronautics and
Space Administration Task load index (NASA-TLX) Question-
naire to assess Perceived workload in patient monitoring tasks:
pooled analysis study using mixed models. J Med Internet Res
22(9):e19472

Hart SG (2006) Nasa-Task load index (NASA-TLX); 20 years
later. Proc Hum Factors Ergon Soc Annual Meeting 50(9):904—908
Rg RL, Tahir S, Nizam LPS JM (2007) Prevalence of stress and
coping mechanism among Staff nurses in the Intensive Care Unit.
Med Health 2:146-153

McCarthy VJ, Power S, Greiner BA (2010) Perceived occupa-
tional stress in nurses working in Ireland. Occup Med (Lond)
60(8):604-610

Li X, Zhu W, Sui X, Zhang A, Chi L, Lv L (2021) Assessing
workplace stress among nurses using Heart Rate Variability
Analysis with Wearable ECG Device-A pilot study. Front Public
Health 9:810577

Ohneberg C, Stobich N, Warmbein A, Rathgeber I, Mehler-Klamt
AC, Fischer U et al (2023) Assistive robotic systems in nursing
care: a scoping review. BMC Nurs 22(1):72

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://robotise.eu/healthcare
https://www.obssr.od.nih.gov/wp-content/uploads/2018/01/Best-Practices-for-Mixed-Methods-Research-in-the-Health-Sciences-2018-01-25.pdf
https://www.obssr.od.nih.gov/wp-content/uploads/2018/01/Best-Practices-for-Mixed-Methods-Research-in-the-Health-Sciences-2018-01-25.pdf
https://www.obssr.od.nih.gov/wp-content/uploads/2018/01/Best-Practices-for-Mixed-Methods-Research-in-the-Health-Sciences-2018-01-25.pdf
https://www.obssr.od.nih.gov/wp-content/uploads/2018/01/Best-Practices-for-Mixed-Methods-Research-in-the-Health-Sciences-2018-01-25.pdf
https://humansystems.arc.nasa.gov/groups/TLX/tlxpaperpencil.php
https://humansystems.arc.nasa.gov/groups/TLX/tlxpaperpencil.php
https://europass.europa.eu/en/description-eight-eqf-levels
https://europass.europa.eu/en/description-eight-eqf-levels

	﻿First Integration of a Service Robot and a Communication Application into a Nursing Isolation Setting – An Observational Study Evaluating Walking Distances, Stress and Radiation Doses
	﻿Abstract
	﻿Trial registration details
	﻿1﻿ ﻿Background
	﻿1.1﻿ ﻿Aim

	﻿2﻿ ﻿Methods
	﻿2.1﻿ ﻿Design and Study Setting
	﻿2.2﻿ ﻿Evaluation Plan
	﻿2.3﻿ ﻿Description of Materials
	﻿2.3.1﻿ ﻿Standardized Observation Scheme for Walking Distances
	﻿2.3.2﻿ ﻿Questionnaire about the Perceived Workload
	﻿2.3.3﻿ ﻿Radiation Exposure


	﻿2.4﻿ ﻿Participants
	﻿2.5﻿ ﻿Analysis
	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Walking Distances
	﻿3.2﻿ ﻿Situational Stress
	﻿3.3﻿ ﻿Radiation Exposure
	﻿3.4﻿ ﻿Utilization of the Robot and the App

	﻿4﻿ ﻿Discussion
	﻿4.1﻿ ﻿Limitations

	﻿5﻿ ﻿Conclusion
	﻿References


