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Abstract
Purpose  Physically demanding activities at the nursing bed are a key factor in the overwork of nursing staff and play a major 
role in the development of musculoskeletal disorders. The heavy back strain plays a significant part in this. Technical aids 
such as robotic assistance systems have the potential to minimize this overload during nursing activities. In the present work, 
we have investigated the relief potential of a supporting robotic assistance system developed in the AdaMeKoR project. An 
exploratory study design was developed to assess the relief potential of the robotic system for nurses during the care action 
of repositioning from the supine position to the sitting position at the edge of a nursing bed under kinaesthetic principles.
Methods  The study was conducted in March 2022 with a total of 21 nursing professionals participating. Safety precautions 
at this stage of the robot’s development made it necessary to use a 40 kg patient simulator instead of having a human act as 
the patient. Each participant performed the repositioning three times in the conventional manner and three times with the 
robotic-assistance. The conventional and the robotic-assisted task execution was compared using different perspectives of 
analysis. From a sensory perspective, ground reaction forces and electromyography data were collected and analyzed. A 
kinaesthetic perspective was added using 3D-video data which was analyzed by professional kinaesthetics trainers. A third 
perspective was added by collecting the subjective workload experiences of the participants.
Results  While participants’ self-assessment based on a NASA-TLX questionnaire suggests more of a physical and psycho-
logical strain from using the robot, electromyography shows a 24.41% reduction in muscle activity for left back extensors 
and 7.99% for right back extensors. The kinaesthetic visual inspection of the study participants also allows conclusions to be 
made that the robot assistance system has a relieving effect when performing the nursing task.
Conclusions  The conducted study suggests that overall the robotic-assistance has the potential of relieving nurses of partial 
physical exertion during mobilization. However, the different focuses of analysis show varying results in regard to external, 
i.e. sensor data and expert analysis, compared to internal, i.e. the nurses, perspectives. Going forward, these results have to 
be further expanded to get more robust analyses and insights on the interdependencies of subjective factors contributing to 
the experience of workload. In view of the fact that robotics for nursing is still a relatively new field and there are various 
lessons to be learned regarding the conceptualization of studies and corresponding evaluations, our approach of combining 
perspectives of analysis allows for a more differentiated view of the subject at hand.
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1  Introduction

Nursing is an interactional and mostly interactive work, 
where a cooperative relationship is established which con-
sists of communicational-emotional as well as physical 
work [1]. While research regarding concrete nursing actions 
should always consider this complexity, specific problems 
deserve focused attention. One such issue can be seen in the 
physical strains nurses have to deal with regularly across 
most care settings. The prevalence of body ailments among 
nurses is a well-investigated phenomenon and it is evident 
that physical demands are reported more often for nurses 
than for other professions [2, 3]. Compared to other occupa-
tional groups, nursing professions experience more days of 
absence due to illness. In Germany, for example, the main 
causes among nursing staff in nursing homes are mostly 
musculoskeletal disorders (24.6%) [4]. A major source of 
physical strains in nursing comes from actions related to 
mobilization and transfer processes, which are common 
tasks performed in nursing [5]. These actions often stress 
the lumbar region, resulting in low back pain (LBP) as a 
musculoskeletal disease [6]. This process can be attributed 
to the high loads experienced during mobilization and trans-
fer of patients. From a physiological point of view, the max-
imum load that can still be classified as harmless to health 
is reduced with age [7]. For men, the limit value at age 20 
is 5.4 kN and is reduced to a maximum of 2.2 kN by the 
age of 60 years [7]. For women, the limit is 4.1 kN at age 
20 and reduced to 1.8 kN by the age of 60 years [7]. The 
loads occurring during the most common nursing activities 
at the nursing bed were biomechanically quantified for the 
lower back at the transition L5-S1 of the spine. On average, 
moving a patient (60–80  kg) conventionally to the bed’s 
head while standing at the bed’s long side leads to a com-
pressive force of 6.7 kN on L5-S1 [8], which exceeds the 
biomechanical limit and tends to have a damaging effect, 
leading to chronic LBP in the worst case. Depending on the 
scenario (limited musculature of the caregiver, high weight 
of the patient), the effects can be much more severe. These 
mobilizations have to be performed several times a day.

Next to these direct effects, high physical strains in nurs-
ing have far-reaching consequences on an institutional and 
societal level. For example, it was shown that back pain 
constitutes a central factor for sick leaves for nurses and also 
that nurses are affected by issues like disc damages more 
often than average [9]. Furthermore, high physical demand 
was shown to be a significant factor for nurses leaving the 
profession [10].

Combining these factors with the already immense short-
age of skilled nurses, the need for action to maintain health 
is evident. With regard to the reduction of physical strain 
during patient mobilization, different strategies can be 

found. On the one hand, some are linked to specific ways of 
movements [11]. An example of a widely distributed con-
cept is that of kinaesthetics [12]. This concept is based on 
attentive movement patterns and the self- and situational-
awareness of the acting person. On the other hand, there is 
a great range of devices designed to relieve nurses of the 
necessity of exerting high physical efforts or corresponding 
adverse movements, typical examples being lifters or slide 
boards [13].

With technological advancements in various fields, there 
also seem to be connectable concepts for mobilization 
devices for nursing. One of the latest technical areas, which 
promises innovations in this context is the field of robotics 
[14]. The underlying idea is that robots, having a degree of 
autonomous capacity, could support the mobilization pro-
cess in an overall favourable way by improving the rigid 
procedures of conventional devices.

Since we focus on physical relief in the caregiving con-
text, we do not provide an overview of developments in 
social robotics or other assistive robotics, which can also be 
used for support in nursing care [15]. One of the best-known 
robots for physical assistance in the care context is the Robot 
for Interactive Body Assistance (RIBA), with the potential 
to carry patients weighing up to 60 kg out of bed [16]. The 
prototype, developed in Japan, is controlled by a tactile 
interface. Another example is the so-called “Robotic Nurs-
ing Assistant” with the potential to lift and carry patients of 
up to 227 kg [17]. Another assistance system is the piggy-
back nursing robot, which a patient leans on with his or her 
chest when sitting at the edge of the bed and is moved into 
a stable position so that transport is possible [18]. While the 
systems above all provide physical relief in general, they 
are all comparable to intelligent patient lifts in their mode 
of action. The primary focus is on transferring patients out 
of or into bed; repositioning individual body parts in the 
care bed is not presented. Only the system called ROBERT 
comes close to this, but here the focus lies on rehabilitation. 
This system consists of a lightweight robot on a mobile plat-
form which can be moved to the patient’s bedside and used 
for physical therapy by running individual trajectories for 
the patient’s movement therapy [19].

However, physical support through robotic assistance 
is not only present in nursing. In the industrial context, 
for example, there are several applications of exoskel-
etons that have a direct influence on the human body and 
facilitate work. Work in an industrial context often requires 
that unhealthy or strenuous postures have to be held for 
extended periods of time. In such cases, the use of passive 
exoskeletons can provide measurable relief, for example for 
the lower [20, 21] or upper extremities [22, 23]. These assis-
tance systems provide direct support for the musculature, 
thus relieving the user.
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In our research we try to fill the identified research gap 
in nursing care by combining transfer assistance and reposi-
tioning support within the nursing bed, especially since the 
highly stressful forces - as already shown above - mainly 
occur during the repositioning tasks in the nursing bed.

Our setup, consisting of a nursing bed with an attached 
robot assistance system and sensors for perception, bio-
signal and biomechanical analysis [24–26], combines the 
robot system’s support with basic concepts from kinaesthet-
ics to provide physical relief while training the movement 
sequences at the same time.

The development of robots for nursing is a complex and 
new field, with various exploratory research to be done. 
With nursing at its core seen as interactional and relationship 
work, the idea of implementing robots comes along with a 
variety of requirements for standards of reasoning, includ-
ing but not limited to perspectives from nursing, technical 
and occupational sciences, ethics and legal studies as well 
as actors from the direct care practice [1, 27]. In addition 
to an interdisciplinary theoretical discourse accompanying 
the development process, among fundamental requirements 
for the legitimacy of (the development of) robotics for nurs-
ing are assessments by the care practitioners and a proven 
effect of its usage [27]. About the application considered 
here, these latter requirements are current objectives in the 
development process and frame the central aim of this arti-
cle. This leads to the following main research questions: (1) 
To what extent is it possible to identify an objective and/or 
subjective relief potential in robot-assisted mobilization? In 
addition, the following sub-question was also formulated: 
(2) What conclusions can be drawn/lessons can be learned 
from a multi-perspective assessment of a relief potential for 
future evaluations?

With this aim, an exploratory study design was devel-
oped to assess the ergonomic relief potential of the pro-
posed robot system. The study aimed at the assessment of 
the physical loads during a conventional mobilization com-
pared to a robotic-supported mobilization. The analysis was 
based on a data triangulation of three distinct perspectives – 
sensor data, expert appraisals as well as the self-perception 
of nurses.

2  Methods

2.1  Data collection: study procedure

The study was conducted over three consecutive days in 
March 2022 at the Assistance Systems and Medical Device 
Technology department of the Carl von Ossietzky Uni-
versity of Oldenburg with the participation of the Depart-
ment of Nursing Science of the University of Osnabrück 

and the AdaMeKoR1 project coordination of Johanniter 
Unfall-Hilfe.

In detail, each day followed the same structure, split into 
five main parts. Initially all participants (nurses - for more 
information see sample and results) were given a theoreti-
cal input about the project as well as the study design and 
the schedule for the day. Afterwards, the attendees par-
ticipated in a kinaesthetics course, led by two professional 
kinaesthetics trainers. Here, the participants learned theo-
retical and practical input about the basics of kinaesthetics 
and the mobilization process with a focus on the tasks to 
be performed in the subsequent tests in the care laboratory 
(see Fig. 1) with different sensor system explained in more 
detail in the “Data Collection: Instruments” subsection [28]. 
Specifically, this task was to mobilize a patient simulator 
weighing approximately 40 kg from the supine position in 
the middle of the bed to the edge of the bed into a sitting 
position. Next, the participants successively performed three 
recorded conventional mobilizations of the patient simula-
tor. Afterwards, each study participant was instructed to fill 
out a paper-based assessment (NASA-TLX - for more infor-
mation see Data Collection: Instruments) about their subjec-
tive workload during the mobilization. Following a break, 
the participants received a second kinaesthetics course. This 
time the focus was on performing the same mobilization 
process but with the support of a second person that would 
imitate the movements the robot would make. Subsequently, 
each participant performed a second mobilization, this time 
around with the support of a lightweight robot assistance 
system (KUKA LBR iiwa7 R800) as in Fig. 1. After a dem-
onstration of the robotic movements, each participant again 
performed three recorded mobilizations of the patient simu-
lator. Afterwards, the subjective work load assessment was 
again filled out for this second performance. When all par-
ticipants had finished recording each day was closed with a 
short discussion round including everyone involved.

2.2  Sample

Nurses from all over Germany were approached and 
recruited for study participation via digital recruitment. Two 
criteria were set as obligatory for inclusion: participants 
had to (1) be active registered nurses and (2) agree to the 
terms and conditions of the study and data management (see 
below). Work experience as well as prior experience with 
kinaesthetics were set as desirable but not necessary.

1   “An Adaptive Multi-Component Robot System for Nursing Care” 
(Ein adaptives Mehrkomponenten-Robotersystem für die Pflege). For 
more information see http://adamekor.de/ and https://www.pflege-und-
robotik.de/adamekor/.
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(second phase). The robot stops with the patient simulator in 
a stable lateral lying position and remains there, stabilizing 
the patient simulator so that the study participant can move 
the simulator’s legs to the correct position without difficulty 
to perform the final step of the movement. (third phase) 
After preparation, the final support movement is then initi-
ated, during which the robot stabilizes the patient simula-
tor’s back as it is raised, thus serving as a support to the rear. 
Once the patient simulator is sitting upright and stabilized 
by the robot at the edge of the bed, the process is complete 

2.3  Mobilization task

During the task execution with the robot’s help, the study 
participants first place the right leg of the patient simula-
tor and then get ready to move the simulator into the stable 
lateral position. The study participant prepares the patient 
simulator to get in contact with the light weight robot’s end 
effector (first phase). As they do, the lightweight robot arm 
moves to the patient simulator’s shoulder and cooperatively 
applies a force so that support is provided when turning 

Fig. 1  Overview of the laboratory environment with hardware used 
to conduct the study described in this paper. A 40 kg weighing patient 
simulator in a nursing care bed (A) is used for the activity to be exam-
ined. A lightweight robot arm system (model KUKA LBR iiwa7 R800) 
is attached to the bed and used for the robot-supported variant of the 
study task (B). The scene is detected by two 3D depth cameras (C). 

A force measuring plate (D) is used to measure the ground reaction 
forces during the task. The robot is controlled by a computer setup 
with visualization (E). The muscle activity of the study participants is 
measured with an electromyograph (F) during the task performance. 
A modified padded end effector is used for the interaction between 
patient simulator and robot (G)
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For that, a modified robot end effector with a palm-sized 
polyethylene attachment was developed, allowing for pad-
ded support. A basic impedance controller is used, which 
provides a compliant behaviour. For the movement a pose 
controller is utilized. During the robot-assisted motions, the 
robot travels along a pre-defined trajectory with support 
points, but can yield to some degree due to the underlying 
impedance controller. The movement between these support 
points is triggered by a human operator.

The system’s hardware infrastructure has been discussed 
previously [30] in detail but will be outlined in the follow-
ing. Each KUKA LBR iiwa7 R800 comes with a control 
unit, which is in our case connected to a computer running 
the Robot Operating System [31] via the Fast Robot Inter-
face. This computer is connected to the main computer, 
which is running a simulated environment in Unity [32] 
based on the real surroundings recorded by several con-
nected sensors (e.g. Azure Kinect 3D depth cameras for 
body tracking data, EMG sensors for muscle activity and 
the force torque sensor data of the robots). Within this envi-
ronment, pose commands for movement are sent back to 
the robot control unit based on the sensor data and decision 
making. The inverse kinematics for the robot movement are 
solved via BioIK [33]. In general, the robot’s trajectories 
are either predefined based on model behavior or manually 
adjusted by the user through hand guiding. For the study, the 
contact points between the robot and the patient simulator 
were discussed in advance with the kinaesthetics experts in 
preparation for the workshops introducing the study partici-
pants to the subject matter.

As already mentioned, next to the sensor systems a ques-
tionnaire for assessing the participants subjective work 
load was used. For this we utilized the NASA Task Load 
Index (NASA-TLX), which since its development in 1988 
has already been used in various domains and for heterog-
enous activities [34]. The NASA-TLX itself consists of six 
subscales with each focusing on a different aspect of work 
load. The subscales include „Mental Demands”, „Physicals 
Demands”, „Temporal Demands”, „Effort”, „Performance” 
and „Frustration”, each of which has to be rated. Here, each 
scale ranged from 0 (i. e. low demand or good performance) 
up to 10 (i. e. high demand or bad performance), with 0.25 
steps being possible.

2.5  Data analysis

For the analysis, three distinct perspectives of analysis were 
used, namely sensor data, expert appraisals and the self-per-
ception of the study participants. (1) The first part of the data 
analysis in the study dealt with the actual data acquisition 
during the performance of the nursing activity of reposition-
ing at the nursing bed. For this purpose, the ground reaction 

(fourth phase). During the mobilization task without the 
robot, the first phase is excluded because there is no contact 
between robot and patient simulator.

2.4  Data collection: instruments

Multiple sensors (force measuring plate, 3D depth cameras 
and a surface electromyograph) as well as a paper-based 
questionnaire were used to evaluate potential physical 
unloading and to measure the subjective physical and psy-
chological stress.

With regard to the sensors, there are several specifica-
tions to be made. First, electromyography (EMG) sensors 
from the manufacturer Delsys were used for the analysis 
of muscle activity (model Trigno Avanti). This sensor is 
wireless and can record EMG signals at a maximum fre-
quency of 4370 Hz. In addition, the sensors have built-in 
inertial measurement units (IMUs), which means that the 
acceleration and position of the sensors used can also be 
recorded, although the sampling rates here are lower than 
for the EMG signals. Two sensors were attached to the 
back extensor (erector spinae left, ESL, and erector spinae 
right, ESR) of each study participant prior to performing 
the actual recordings. Before the actual sensor attachments, 
the skin was prepared, i.e. the region was shaved, degreased 
with alcohol and then lightly abraded to maximize the signal 
transmission capability [29].

Second, a force measuring plate (FMP) was used as a fur-
ther sensor channel for the evaluation. This allows the detec-
tion of ground reaction forces in order to record the forces 
dissipated through the ground. In this way, movements and 
loads can be compared between the individual movement 
cycles. The AccuPower model from the AMTI company 
was used, which can record forces and moments in all three 
axes at a frequency of 200 Hz. The study participants stood 
on the FMP positioned in front of the nursing bed while per-
forming the selected movement. At the beginning, end and 
between each trial the participants had to jump on the FMP 
to make synchronisation between all sensors possible.

In addition, two 3D depth cameras were positioned behind 
the nursing bed during the study to capture the movement of 
the study participants while allowing synchronization of all 
sensor channels during processing. The cameras captured 
the scene at 30 frames per second.

Finally, the robot assistance system itself should be 
mentioned. The assistance system is a modified care bed 
equipped with lightweight robot manipulators of the model 
KUKA LBR iiwa7 R800. Each robot stands on a base 
socket, which was attached to the bed frame and can also 
be repositioned along the bed frame. Since grasping actions 
are not suited for patient handling in the nursing care con-
text, only pushing support movements are to be performed. 
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physical stress from one to ten, with ten being maximum 
physical stress. The second part was based on a kinaesthet-
ics interaction assessment – which itself could not be used 
in its entirety because of the mobilization of a simulator. 
This second part consisted of notes on particularities in (a) 
the intrinsic movement of the participants, (b) the handling 
of the patient simulator including observations regard-
ing the human-robot interaction when applicable and (c) 
other observations. In the process, the two experts graded 
all individual mobilizations with and without the robot aid 
along the aforementioned heuristic. Initially, this was done 
separately by the experts. Afterwards, these results were 
compared and merged. In cases of diverging results in the 
observation, a consensus was made through discussion. The 
resulting data was then analyzed using descriptive statistics 
in Windows Excel.

In total, this three-step process allowed to get distinct 
analytical perspectives of the physical burden during the 
mobilization process and the potential stress reduction from 
the robot aid.

3  Results

3.1  General characteristics

In total 21 registered nurses participated in the study, with 
16 female and 5 male participants. The average age of the 
participants were 49.3 years (21–62 years) and had 25.9 
years work experience in nursing (1–43 years). The partici-
pants’ average height was at 1.72 m (1.58–1.92 m) and the 
average weight at 78.04 kg (50–125 kg). Regarding prior 
kinaesthetic experience, 11 participants indicated experi-
ence beyond a basic course, 5 stated to have done a basic 
course and 5 stated to have almost no experience with the 
concept.

While the total of 21 participated in the study, not all data 
were usable for the evaluation. Due to technical difficulties, 
three datasets of participants performing the robot-supported 
mobilization could not be recorded. The analyzed data had 
to be further reduced by excluding trials where human-robot 
cooperation was not executed in a sufficient way, leading to 
a final amount of 15 evaluable study participant sensor data-
sets and 54 individual 3D-videos for the experts’ analysis.

3.2  Sensor data

In the following, the sensor data recorded during the study 
are described and visualized. In the considered movement 
of placing the patient simulator on the edge of the bed, we 
put a focus on the last movement phase, namely the move-
ment of raising from the side-length to the sitting position. 

forces, robot data, muscle activities and bodytracking data 
were recorded during the execution of the nursing activity. 
All data were manually synchronized by recorded jumps 
on the FMP, as this jump can be seen in all human-related 
sensor data. The robot data were synchronized with the ini-
tial patient simulator contact, which is visible in the camera 
data. The raw EMG sensor data for ESL and ESR recorded 
at 1259 Hz were processed by filtering. First, a 4th degree 
band-pass filter with a high-band frequency of 20 Hz and 
a low-band frequency of 450 Hz was applied to the data to 
minimize the high frequency noise. Afterwards, a low pass 
filter with a frequency of 6  Hz was applied. The cleaned 
signal was used for the following comparisons. For the FMP 
data, the raw data was used. However, the weight of the sub-
jects was subtracted in the z-direction in each case, so that 
there is no offset in the data. For the video and depth image 
data, the body tracking model from Microsoft was used to 
capture the posture. The force-moment sensor data recorded 
by the robot was also analyzed as raw data and not further 
smoothed since the noise was minimal. For the comparison 
of the data, on the one hand, the subjects were considered 
individually in the comparison between conventional and 
robot-assisted task execution, and the individual results of 
the subjects represent an averaging of the successful trials. 
Additionally, an averaging of the entire data across all sub-
jects was determined and used for the overall comparison. 
It should also be mentioned that the individual axes of the 
sensor channels were considered individually, so that for the 
FMP a division into x-, y- and z-axis was performed. The 
entirety of the data was then used to quantify the physical 
relief that might occur.

(2) The second part of the analysis aimed at the compari-
son of the subjectively perceived stress levels of the partici-
pants. For this step, the NASA-TLX scales were analyzed 
using descriptive statistics in Windows Excel. First, the data 
for each participant was digitalized for both the assessment 
of the conventional as well as the robot-supported mobiliza-
tion. Afterwards, the results were grouped corresponding to 
each mobilization process, whereby both the NASA-TLX 
overall result and the subscales were assessed. For the anal-
ysis of the overall assessment the values of the six subscales 
were added so that it could range from 0 (no/minimal stress) 
to 60 (maximum stress). The split analysis of specific sub-
scales and the overall assessment is in accordance with the 
work of Hart [34].

(3) The third part of the analysis aimed at an external 
assessment from an expert point of view. This subanalysis 
was primarily performed by two professional kinaesthet-
ics trainers using the 3D-video data. To set up a basis for 
this, a heuristic evaluation form was designed in coopera-
tion of the main authors and the kinaesthetics trainers. The 
first part of this form consisted of a rating of the observed 
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position to the upright sitting position at the edge of the bed, 
completing the process.

In Fig.  3, the FMP and EMG results of all study par-
ticipants are visualized based on the recorded data in the 
aforementioned green phase. These bar plots show the mean 
and standard deviation of the performed trials for all study 
participants (S1 – S15) and for both variations, namely the 
conventional patient simulator repositioning (red) and the 
repositioning supported by the robot (blue). For the FMP, 
the ground reaction forces (GRF) are shown for each indi-
vidual axis in the three upper graphs. The orientation of the 
axis is shown in Fig. 1.

For the FMP data, an average value of -10.62 N with a 
standard deviation of 25.52 N was measured for the x-axis 
during conventional performance. For the y-axis, the value 
is -32.96 N with a standard deviation of 32.95 N. On the 
z-axis, the average value is 25.53 N with a standard devia-
tion of 41.45 N. For the robot-assisted variant, in turn, the 
x-axis force value shows a value of 16.98 N with a standard 
deviation of 18.30 N, the y-axis a value of -27.19 N with a 

The synchronized time series data for the movement with 
and without robot support for one study participant is pre-
sented in Fig. 2. In addition, the structure and sequence of 
the scenario can be also seen.

The figure shows the exemplary sensor data of one study 
participant for one complete repositioning process in two 
different variations, namely the conventional (left) and the 
robot-supported variant (right). The movement process 
itself was divided into different phases, which are visual-
ized by different background colors. The yellow area spans 
the time period where the study participant slightly lifted the 
torso of the patient simulator to allow the robot to dock. This 
phase is only present as the first phase in the measurements 
with the robot. The blue phase shows the repositioning from 
the supine to the lateral position of the patient simulator. 
Further on, the red phase shows the process of preparing the 
patient simulator for the final movement, e.g. by putting the 
legs into the correct position. In the green and final phase, 
the patient simulator was positioned from the stable lateral 

Fig. 2  The plots show the exemplary sensors result plots of a study 
participant during one conventional (C) and one robot-supported (RS) 
trial for all three or four phases shown above. The yellow phase shows 
the time for the docking of the end effector. In the blue phase, the 
patient simulator is brought from the supine to the lateral position. 
In the red phase, the legs are prepared. In the green phase, the raising 
process from the lateral position to the seated position takes place. The 

ground reaction forces of the force measuring plate (FMP) are on the 
top, the muscle activity (EMG) of the lower back extensor (ESR, ESL) 
are shown in the middle and the robot-supported trial also provides 
robot force data depicted on the bottom. During robot support, lower 
sensor values for the ground reaction forces and muscle activity were 
registered
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Fig. 3  This figure visualizes the results of all study participants where 
the human-robot cooperation succeeded during the task of reposition-
ing the patient simulator to the bed’s edge. The ground reaction force 
results of the force measuring plate (FMP GRF) for all three axes (x, y, 

z) and the lower back extensor’s muscle activity (EMG ESR & EMG 
ESL) are shown individually and also as an overall average value. 
Both mean and standard deviation are displayed
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3.4  Kinaesthetics analysis

A total of 63 videos of all 21 participants’ conventional 
mobilizations and 54 videos of 17 participants’ robot-sup-
ported mobilizations were assessed by the kinaesthetics 
experts and the resulting data were analyzed by the main 
authors. The videos were captured by the 3D depth cam-
era system used during the study. The kinaesthetics experts 
visually assessed the physical exertion of the study partic-
ipants based on the camera footage and their experience. 
Similar to the NASA-TLX questionnaire used, the number 
0 was classified as low physical load and the number 10 as 
high physical load. The appraisal of the conventional pro-
cess showed a mean value of 3.92 with a standard deviation 
of 0.98, a median of 4, a minimum of 2 and a maximum 
of 7. The robot-supported mobilization on the other hand 
showed a mean of 2.67 with a standard deviation of 1.2, a 
median of 3, a minimum of 1 and a maximum of 6. Looking 
at the kinaesthetics interaction assessment, various obser-
vations regarding the manner of as well as the success of 
the human-robot-interaction could be made. One theme 
emerging from this appraisal is the importance of temporal 
coordination. Both cases with the robot acting too fast as 
well as the participants beginning the movement too quickly 
were observed, which resulted in non-optimal usage of the 
support and consequently a higher physical stress rating 
was given. Furthermore, cases of non-optimal interactions 
resulting from the positioning of the end effector could be 
identified. Another observation was made in regard to the 
way the robot support was used respectively. The partici-
pants adapted their movements. Here, different approaches 
could be identified, where some participants mainly used 
the robot as a static support during the lateral positioning of 
the simulator, which gave them time to take the legs out of 
the bed, while others also managed to use the robot dynami-
cally during the sitting up motion.

standard deviation of 26.57 N, and finally the z-axis an aver-
age value of 26.01 N with a standard deviation of 30.02 N.

The EMG results show the results for each individual 
muscle, which are ESR and ESL in this context. In addition, 
the average over all participants for each execution variant 
is also shown.

During the conventional execution, the EMG showed an 
average value of 17.2 µV for the muscular load of the ESL 
with a standard deviation of 8.9 µV. For the muscle ESR, in 
turn, the average value was 7.5 µV with a standard deviation 
of 3.9 µV. For the robot-assisted variant, the average value 
for the muscle ESL was 13.0 µV with a standard deviation 
of 7.0 µV. For the ESL muscle, the value was 6.9 µV with a 
standard deviation of 2.7 µV.

3.3  Questionnaire results

In total, 21 NASA-TLX questionnaire for the conventional 
mobilization process and 17 scales for the mobilization with 
the robot support were filled out, the 4 remaining question-
naires were incomplete and thus could not be used for the 
overall analysis. The overview including both assessments 
is depicted in Table  1. For the conventional mobilization 
the mean total score was 16.39 with a standard deviation 
of 6.18. The highest subscale score was for the “Perceived 
Performance” with a mean of 3.75 and a standard deviation 
of 2.04, while the lowest score was for “Mental Demands” 
with a mean of 1.64 with a standard deviation of 1.38. In 
regard to the subscales associated with physical activity, 
the mean score for the subscale “Physical Demands” was at 
3.14 with a standard deviation of 1.64 and for the subscale 
“Effort” at 3.36 with a standard deviation of 1.71.

Looking at the results regarding the robot-supported 
mobilization, the mean total score was at 21.24 with a stan-
dard deviation of 8.26. Again, the highest and lowest sub-
scale scores were for the “Perceived Performance” with a 
mean of 4.66 with a standard deviation of 1.93 and “Mental 
Demands” with a mean of 2.4 with a standard deviation of 
1.34. The mean score for the “Physical Demands” was at 
3.32 with a standard deviation of 2.05 and at 3.93 with a 
standard deviation of 2 for the “Effort” subscale.

Table 1  Overview of the NASA-TLX results (mean and SD) for all study participants for both the conventional (C) and the robot-supported (RS) 
patient simulator repositioning process ranging from 0 (very low: good) to 10 (very high: bad) for different variables
Variable Mean ± standard deviation Median Minimum Maximum
NASA-TLX C RS C RS C RS C RS
Mental Demands 1.64 ± 1.38 2.4 ± 1.34 1.25 2.25 0.25 0.25 6.75 5.75
Physical Demands 3.14 ± 1.64 3.32 ± 2.05 2.75 3.25 0.25 0.25 6.75 8.5
Temporal Demands 1.69 ± 1.17 3.38 ± 2.89 1.25 2.25 0.25 0.25 3.75 9.25
Perceived Performance 3.75 ± 2.04 4.66 ± 1.93 3.25 4.5 0.25 1.25 9.25 8.25
Effort 3.36 ± 1.71 3.93 ± 2 3.25 3.75 0.25 0.25 7.25 7.5
Frustration 2.81 ± 2.32 3.54 ± 2.59 2.25 3.5 0 0.25 7.25 8.75
Total Score 16.39 ± 6.18 21.24 ± 8.26 14.75 21.5 7 7 28 37.25
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acts as a support on the opposite side, resulting in a coun-
terforce away from the direction of the bed. There are no 
significant changes in the forces along the y-direction, as 
the motion in both conventional and robot-assisted variants 
do not differ much from each other, although the reduced 
standard deviation would be worth mentioning. For the val-
ues measured in the z-direction, the values are similar on 
average, although this is also very dependent on the indi-
vidual subjects. While some subjects experience a strong 
relief in the z-direction, no negative or significant changes 
can be seen in other subjects. A positive aspect is that the 
maximum force peaks were reduced by the robot assistance, 
which according to the literature has a strong influence on 
the health of the lumbosacral disc. The result is most likely 
not as critical as it would be with a normal or overweight 
patient due to the relatively light patient simulator with 
40 kg because the robot could otherwise expend much more 
force and has not come close to its force limits. This fact 
made the difference between the conventional and the robot-
supported trials smaller.

In contrast to the results of the ground force plate, the dif-
ferences in muscle activity are more visible. On average, the 
left part of the back extensor (ESL) was activated 24.41% 
less during the robot-assisted variant, while the right part 
(ESR) was activated 7.99% less. Despite the results of the 
FMP, a relief can be observed on the muscular level during 
the performed movements in the back-extensor area with 
robot assistance. It is also possible that a shift in muscle 
activity in the body has taken place due to the slight adjust-
ment of the movement pattern and that the leg muscles are 
used more, which is also a positive result in principle for the 
overall ergonomics.

In summary, from a muscular point of view, a relief 
could be observed in the area of the back extensor during 
robot-assisted execution of the repositioning task. From a 
kinaesthetic perspective, the robot can be integrated into the 
movement process as a stabilizing element, although the 
concrete interaction methodology still needs to be defined. 
Moreover, it is a consideration that the robot should analyze 
the mobilization process and offer the most reasonable sup-
port variant depending on the current situation. This situa-
tional awareness of the robot must be addressed technically 
in future work.

In addition to this studies main focus of exploring the 
physical relief potential of the robotic system, it is partic-
ularly relevant in research contexts to critically reflect on 
the potential effects of using this and other corresponding 
systems against a broader background. Since correspond-
ing reflections require a high degree of complexity and thus 
dedicated attention, the topic can only be touched upon 
here. From a nursing science perspective, a central aspect of 
reflection is the question of whether robotics is conducive 

4  Discussion

The results of this study show important implications 
regarding the potential reduction of physical load in the field 
of nursing care by the usage of a supporting robot system 
paired with basics of the kinaesthetics concept in mobiliza-
tion processes in nursing. Comparing the individual results, 
it is noticeable that the mobilization processes were assessed 
differently by the external (i.e. sensor-based and experts 
observations) compared to the internal (i.e. subjective stress 
experience) points of view. The sensor-based results show a 
stress reduction in both the EMG data as well as the average 
peak forces due to the reduced standard deviation during the 
robot-supported mobilization. This is affirmed by the kin-
aesthetic experts’ results, which also depict that the physi-
cal stress during the mobilization with the robot-support is 
considered to be less than during the conventional mobili-
zation process. Whereas, the appraisals of the participants 
differ from these results as the respective scales show that 
the robot-supported mobilization process, while itself not 
indicating excessive load, was assessed with a higher sub-
jective stress level in all regards in comparison to the con-
ventional mobilization process. Looking at these results, it 
is important to note the focus of the individual assessments. 
While the external appraisals focus on conclusions about 
the observed physical effort, the NASA-TLX scale includes 
factors, which can only be assessed by the performing indi-
viduals. As already mentioned above, it is in line with the 
NASA-TLX creators to look at the subscales, which in this 
case allows for a direct comparison of the results of the 
sensor-based and experts assessments with the subscale of 
“Physical Demands”. Interestingly, this subscale shows the 
lowest difference in mean values, with just a slight increase 
from the conventional to the robot-supported mobilization 
(see Table 1). Considering the shown physical stress relief 
in the external assessments, it would be relevant to check 
whether the subjective assessment of the physical exertion 
correlates with other factors of the NASA-TLX like tem-
poral demands or frustration, where the gap between the 
conventional and robot-supported mobilization was clearly 
greater appraised. This would require a larger sample size.

Additionally, FMP and EMG data were recorded dur-
ing the mobilization process. A clear evaluation of the FMP 
results in the x- and y-axis direction is relatively difficult to 
interpret, since it is not possible to directly speak of a physi-
cal unloading here because of a missing reference such as 
gravity in the z-axis. What can be said directly, however, 
is that the movement behaviour of the study participants 
changed as a result of using the robot. In the x-axis, for 
example, there was a shift from negative to positive x-val-
ues on average (see Fig.  3), with a reduction in standard 
deviation. This can be explained by the fact that the robot 
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interaction methods as well as the situational awareness of 
the robot system are planned for future work.

6  Conclusion

Robotics for nursing is a relatively new and complex inter-
disciplinary field in which there are still various lessons to 
be learned in terms of both the concrete development of the 
technology as well as the conceptualisation of studies for 
corresponding evaluations. Researchers are obliged to check 
the efficacy and usefulness of the robot systems from differ-
ent perspectives while they are still under development. In 
this article, an approach to integrate these factors into an 
exploratory study design was made. With respect to the per-
spectives of both nurses themselves as well as experts in the 
field of mobilization next to sensor-based data, we chose to 
approach the question of the potential stress relief of a robot 
system with a multi-perspective data collection and analy-
sis. Referring to our main research question, it can be noted, 
that from an external point of view, the robot use case is able 
to achieve a reduction of the physical stress in this particular 
mobilization process. With regard to physical support, the 
results of the present research coincide with the results of 
domain-unrelated support systems in that a positive effect 
is evident with regard to user-centered physical relief. But 
also, the internal (i. e. the nurses’) point of view, with the 
indications of a somewhat higher load, must be taken seri-
ously. Subsequently, a detailed analysis of the subjective 
stress experience shows to be beneficial as it can provide 
information about individual factors impacting the assess-
ment. The approach of integrating expert perspectives into 
the analysis proved to be a valuable addition in the evalu-
ation of the robot use case, as this allowed for a genuinely 
professional assessment and expansion of the interpretation 
of the other datasets. The most prominent argument here 
being that the slowing down of the mobilization process 
can be attributed positively as it allows for more attentive 
actions. This aspect becomes even more interesting in light 
of the discussion of the increasingly efficiency-driven caring 
contexts. While it is not the intention to suggest that robotics 
is an instrument for averting this trend, findings of this kind 
might give impulses for the broader discourse of pros and 
cons of robotics in nursing. Concluding, our findings show 
indications of a physical stress relief in a robot-supported 
mobilization, while it has also to be pointed out, that the way 
of assessing data in this context can vary between external 
and internal perceptions. The chosen procedure of data tri-
angulation proved to be valuable as it allowed for the com-
bination of not only sensor-based but also multi-perspective 
subjective and experts assessments of the mobilization pro-
cess. A next step will be to integrate the lessons learned into 

to the delivery of “good care” or whether it hinders or even 
prevents it [1]. In recent years, there have been different 
approaches to corresponding reflection frameworks (e.g. 
[35–37]). Exemplary arguments in the discourse can be 
found on the one hand on the basis of correspondingly nega-
tive scenarios of a possible substitution of human care [38]. 
On the other hand, there are also conceptions that present 
the competent and reflective use of assistive technologies as 
an explicitly caring characteristic of nurses [39].

5  Limitations

Our study has to be critically reflected regarding a couple of 
aspects. First, a total of 21 participants is a relatively small 
sample size. The COVID-19 situation and corresponding 
regulations in Germany (contact restrictions) have compli-
cated the acquisition process in both the institutional prepa-
rations of an on-site testing as well as the availability of 
nurses, as the working conditions in nursing practice are 
even more challenging than usually. However, our study 
was deliberately designed under an exploratory paradigm, in 
which different methods of data collection and analysis were 
combined as to not only get preliminary findings about the 
potential of ergonomic stress relief but to also gain insights 
about our approach of data triangulation in the evaluation of 
a robot-support system for nursing. With this in mind, the 
sample size allowed us to create a balance between prag-
matically manageable amounts of data and analysis at an 
appropriate depth while also leaving room for lessons to be 
learned about the study setup. Furthermore, the process of 
mobilising a patient simulator of about 40 kg rather than a 
real person and the limited mobility of the patient simulator 
compared to a real human must be noted as limitations. In 
addition to the limitations this creates regarding the close-
ness to real physiological conditions (e.g. the weight and 
mobility of real patients), it also is a comprehensive reduc-
tion of the interactional part of nursing. These factors also 
remain true, but the handling of a patient simulator was 
a necessary safety precaution at this stage of the robot’s 
development. Nonetheless, the results have to be viewed in 
light of this reduction of the real nursing processes. Lastly, 
the exclusion of some datasets has to be mentioned. From 
a technical perspective, a synchronous operation between 
the robot and the caregiver is essential. As some instances 
of failed human-robot-interactions only became clear in the 
analysis of the video data, it was necessary to exclude some 
datasets of participants to get a clearer result of the poten-
tial of the robotic support. The fact that the interaction did 
not work out as intended in some cases is a motivation for 
further developments. Especially the optimization of the 
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