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Abstract: Patients with low back pain often have deficits in trunk stability. For this reason, many patients
receive physiotherapy treatment, which represents an enormous socio-economic burden. Training at home
could reduce these costs. The problem here is the lack of correction of the exercise execution. This feasibility
study therefore investigates the applicability of a vibrotactile-controlled feedback system for trunk stabilization
exercises. A sample of 13 healthy adults performed three trunk stabilization exercises. Exercise performance
was corrected by physiotherapists using vibrotactile feedback. The NASA TLX questionnaire was used to
assess the practicability of the vibrotactile feedback. The Nasa TLX questionnaire show a very low global
workload M = 37.96 (SD =11.63). The quality of feedback perception was perceived as good by the subjects,
varying between 76.9 % and 92.3 % depending on the body part. 80.8 % rated the feedback as helpful for their
training. On the expert side, the results show a high rating of movement quality. The positive evaluations of
the physiotherapists and the participants on the use of the vibrotactile feedback system indicate that such a
system can reduce the trainees fear of independent training and support the users in their training. This could
increase training adherence and long-term success.

Keywords: vibrotactile feedback system; trunk stability.; Nasa TLX questionnaire

1. Introduction

With a lifetime prevalence of 80 to 85 %, low back pain is one of the most common
musculoskeletal disorders worldwide (1-3). The cost burden on the healthcare system is expected to
continue to increase in the coming decades (4,5). To counteract this trend, early identification of
patients at risk for back pain is of general importance, as is the use of effective primary preventive
measures to avoid LBP (1,6). It has been shown that well-developed trunk stability is crucial for this
purpose, both in elite sport and in the general population (7-10). Recent studies show that trunk
stabilising sensorimotor training performed twice a week for twelve weeks can reduce the rates of
recurring in LBP patients by 80 % (11,12). To this end, most patients with LBP are treated in
physiotherapy practices (13,14). Most people use an outpatient rehabilitation facility for this purpose.
However, physiotherapy treatment is one of the most staff-intensive areas of medical care. Home-
based training, on the other hand, is an alternative form of treatment that can take place in the
rehabilitant's familiar surroundings and facilitates the transfer of treatment into everyday life. In this
context, independent home practice is becoming increasingly important. The costs for the same
rehabilitation success can be reduced by about 50 % through independent intensive practice at home
(15).

Theory
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Home training in physiotherapeutic contexts. According to recent studies in the field of the post-
operation treatments, an independent but also significantly intensified home practice achieves the
same rehabilitation success as guided physiotherapy (16). The patient must integrate the
rehabilitation measure into his or her daily routine. The success of home training depends decisively
on individual discipline, self-motivation and the correct execution of the exercises by the patient. The
key to success lies in the combination of professional treatment by the physiotherapist and
independent intensification of therapy at home. A high quality of movement is essential for a
successful rehabilitation. In professional treatments, this can be achieved by feedback given by
therapists directly to patients through touch or verbal communication. For home-based trainings
however, no physiotherapists are present. Therefore, a different approach must be applied to ensure
the necessary movement quality.

Vibrotactile feedback / tactile internet.

The tactile internet opens up technical possibilities for providing feedback. The almost latency-
free data transmission allows data to be measured and real-time feedback to be transmitted (17). A
vibrotactile-controlled feedback system is a promising variant that enables autonomous training, but
also monitors training quality and supports the trainee in performing exercises correctly (Islam &
Lim, 2022). The tactile feedback is perceived via the skin. The information can be generated by
pressure or vibration, with the latter being referred to as vibrotactile feedback (18).

Tactile feedback can be given directly to patients by therapists. In a hands-off context, a human-
machine interface is required to provide tactile feedback.

Feedback is usually provided by small, lightweight, vibrating transducers called actuators.

Vibrotactile feedback can be positioned in different locations on the body and in different ways
to respond to the stimulus (19-22). Users are usually instructed to move in the direction of the
stimulus (attractive cue) (19,23). However, when using vibrotactile feedback on the lower back of
healthy older adults, moving in the opposite direction of the stimulus (repulsive cue) leads to better
movement performance (20,22). In a comparative study between attractive or reimpulsive feedback,
Kinnaird et al. 2016 showed that reimpulsive feedback was superior to attractive feedback in healthy
older adults on the lower back. However, further studies show that the use of attractive feedback can
be just as effective in correcting motor tasks.

In this context, it should also be borne in mind that attractive feedback may be cognitively
associated with a reward and therefore has a more positive connotation in the user's evaluation and
could therefore increase the trainee's motivation and ultimately training compliance. In contrast,
reimpulsive feedback could be interpreted as an alarm, which could be associated with negative
emotions, as it suggests to the exerciser that they are not performing the exercise correctly. In
addition, Lee et al. were able to show that attractive stimulation, without further instructions, causes
the subjects to align their body position with the attractive stimuli. Lee et al. conclude that an
improved internal proprioceptive representation and orientation is responsible for this. By utilizing
this natural tendency, the attractive feedback could be used just as well as the stimulus-plus feedback.

However, research as well as the use of vibrotactile feedback devices in a therapeutic context is
still insufficient, so that little can be said about the design of technical feedback systems (24). The aim
of this research project is therefore to derive requirements for the design of a tactile feedback strategy,
especially for the implementation of trunk-stabilizing exercises. To this end, this study examines the
feedback behavior of healthy people and analyzes their use of technical tactile feedback.

Form this point of view the following questions arise.

RQ1: “Is it possible to use vibrotactile feedback to support people in correctly performing
physiotherapeutic exercises?”

RQ2: “What requirements do users have for vibro-tactile technology-based feedback to accept
it?”.

2. Materials and Methods
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Sample

The sample consisted of 9 women and 4 men with an average age of 46.5 years (SD + 9.6), an
average height of 173.4 cm (SD + 10.0), an average weight of 72.7 kg (SD + 8.4) and a BMI of 24.0 (SD
+1.8). The recruitment and examination of the subjects took place at a DOSB-licensed sports medicine
facility. Subjects who had not experienced back pain in the last three months and were between 40
and 60 years old were included. Subjects who had an ankle, knee or hip injury in the last three months
or who could not support themselves on their hand or knee joints were excluded.

To enable vibrotactile feedback for the test subjects, they wore a tight-fitting long-sleeved top
with twelve vibration modules that generated vibrations in the frequency range of 10-400 Hz using
ERM vibration motors. The prototype also includes three circuit boards and the cabling for the
components.

All components are shielded from the test subject by housings. All electronic components are
insulated and the applied voltage of 5V and a current of 0.9A pose no danger to healthy test subjects
in the event of a defect. Power was supplied via a USB cable connected to a laptop. The ERM vibration
motors were attached to the following body parts (Figure 1).

M. pectoralis
major

M. trapecius
pars ascendens

Middle third
Os humeri /Humerus

M erector spinae lumbar part,
M.rectus abdominis high L3

M. quadratus lumborum
Christa lliaca, insertion
M gluteus medius
et minimus

Figure 1. Actuator fixation of vibrotactile feedback.

Materials

The applicability of vibrotactile feedback as a tool for correcting exercise performance was
evaluated by both the physiotherapist and the subjects. The movement quality as well as the
assessment of the feedback quality of the subjects regarding the vibro-tactile feedback, are carried out
by means of standardised questionnaires.

Physiotherapist questionnaire. The feedback giving physio therapists gave a third-party
assessment on different variables. In order to assess the specific functionality of the vibrotactile
feedback to support a correct execution of trunk stabilising exercises, the correction behaviour by
physiotherapists was evaluated on a 4-point Likert scale (poles: not at all, a little, moderately, very):

1) Ability to implement the vibro-tactile feedback

2) Level of difficulty for the subject to perform the exercises

3) Accuracy of axis and thus the quality of movement of the subjects

Subject questionnaire. The subject questionnaire focused on capturing subjective user
perceptions and eliciting potential users' requirements for vibrotactile technology-based feedback.
The NASA TLX was used for this purpose, (25) which can be used to assess psychological workload.
It provides a global rating of subjective workload. In addition to the global rating, six subscales can
be calculated (mental, physical and temporal demand, effort, performance, frustration level).

The mental demand scale refers to the mental and perceptual activity a user needs to complete
a task. This measure includes mental activities such as thinking, decision making, remembering,
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looking and similar aspects. High levels indicate that a task was demanding, complex, whereas low
levels are indicators for simple and easy tasks.

Physical demand refers to actual physical efforts needed by users for task completion. It includes
for example activities like pushing, pulling and such. High levels on this subscale indicate that a task
was demanding, brisk or laborious. Low levels indicate an easier and slack task with possibilities for
slow execution or even resting.

Effort means the amount of work users put into the completion of a task. It combines the ratings
of physical and mental activities during the task execution and therefore refers to a rating of overall
strain or struggle.

The scale temporal demand measures the subjective time pressure users feel during a task
execution. It depends on the pace of task elements. In this case high outcome refers to frantic or rapid
pace, whereas low outcomes indicate the subjective time perception as more slow and leisurely.

The rating of performance indicates a self-rating on task success by the users in terms of goal
completion. It includes the users satisfaction with the accomplishment.

Frustration Level refers to certain feelings an user may have while performing a task. High levels
indicate that they are insecure, discouraged, irritated, stressed or annoyed during a task while low
levels indicate opposite aspects such as feeling gratified, content, relaxed and complacent.

Besides NASA TLX, subjects were asked to rate the intensity of the feedback related to the
location of the feedback indicator in different areas of the body. This measure was imposed to find
out whether users are able to feel the vibro-tactile at all while performing physically demanding
tasks. Feedback intensity was rated on a 4-point Likert scale (anchors: not noticeable at all, weak,
good, too strong). To ascertain whether the feedback can be associated with an intended purpose,
subjects were asked about their subjective degree of approval on six potential purpose associations
(alarming, warning, indicative, leading, supportive, meaningless) using a 2-point Likert Scale
(anchors: does apply, does not apply). To rule out, that future users have negative associations
regarding the new system, a range of feedback-associated emotions were rated by the participants on
the same scale as purpose. These included positive associated emotions (calming, pleasing, relaxing,
motivating, exciting) as well as negative ones (dangerous, irritating, frustrating, meaningless) (26).

Study procedure.

To provide vibrotactile feedback for the test subjects, they wore a tight-fitting long-sleeved top
with twelve vibration modules. Three different types of exercises were used during the study, on the
one hand to exclude effects regarding specific kinds of exercises, on the other hand to ensure that
subjects can encounter the need for a correction. The exercise portfolio consisted of the quadruped
stand with diagonal arm-leg coordination. The second exercise was to train the shoulder blade
fixators while leaning against a wall in a two-legged stand by moving the arms up and down. The
third exercise was to present a lateral support with pelvic raise and lowering (see Figure 2). All
exercises were performed on an unstable surface in order to particularly stress the neuromuscular
control function. The three basic exercises were practised with the subjects. Correct execution and
error patterns were shown to them in detail by a physiotherapist and described verbally before they
began to perform the exercises independently. Basically, the subjects were asked to move in the
opposite direction of the stimulus from the feedback (repulsive cue). Only in the scapula fixator
exercise were the subjects asked to move in the direction of the stimulus (attractive stimulus) when
lowering the shoulders: M. (trapecius pars ascendens). The same applied when tensing the arms
backwards (middle third Os humeri /Humerus). The subjects were asked to perform ten repetitions
of each of the three exercises. The exercise performance was corrected by a physiotherapist using
vibrotactile feedback. As the exercise quality was to be assessed independently by two
physiotherapists, the subjects completed two rounds, meaning each exercise was performed two
times.
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Figure 2. trunk train exercise portfolio.
3. Results

Research question 1.

The first research question was related to the general functionality of the feedback: "Is it possible
to use vibrotactile feedback to help people perform physiotherapeutic exercises correctly?" To answer
the question, the subjects' quality of movement after correction and feasibility of feedback by
physiotherapists, as well as the workload during exercise performance by the subjects were collected.

Quality of movement and feasibility

As a general starting point, it was important to determine whether the vibrotactile technology-
assisted feedback can have a general and positive effect on the execution of an exercise, as well as
whether the subjects can implement the feedback. Mean values for the quality of exercise execution
were calculated. The results showed an overall high evaluation of the quality of movement in the
corrected subjects (M =3.27; SD = 0.56; range between 1-4, with 4 being the best quality). This indicates
the general functionality as well as the quality of the feedback technique in a physiotherapeutic
setting. None of the physiotherapists chose the anchor "not at all'.  Furthermore, the
physiotherapists were asked whether the subjects were able to implement the feedback in their
exercises during the study. The results on implementability indicate an overall good rating of the
variable (M = 3.27; SD = 0.72). No physiotherapist chose the option "not at all". In general, the subjects
were able to integrate the feedback into their movements.

Workload

To determine whether the cognitive processing of the technology-assisted vibrotactile feedback
interferes with users performing the exercises, the unweighted NASA TLX was evaluated. The global
workload was M = 37.96 (SD =11.63), indicating a very low workload. It was interpreted using the
benchmarks for global workload associated with physical activity summarised by Grier (2015) using
meta-analysis (Min = 40.83; Max =75.19). To examine the distribution of mental workload in more
detail, scores were calculated for each of the NASA TLX subscales; the results are shown in table 1.
The result on mental workload, can be classified as a medium value: M =47.77; SD = 30.89. The highest
scores were obtained for physical demand (M = 57.69; SD = 27.74) and effort (M = 58.46; SD = 28.24).
The result for temporal demand is very low (M = 16.92; SD = 24.96). Frustration also reached a low
level (M =16.92; SD = 15.48). The score for achievement (30.00; SD = 18.71) is in the middle range of
values.

Table 1. subscales of global workload of the NASA TLX questionnaire.
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6
NASA TLX- workload
mean SD
NASA TLX: mental demand 47,77 30,9
NASA TLX: physical demand 57,69 27,74
NASA TLX: temporal demand 16,92 24,96
NASA TLX: performance 30,00 18,71
NASA TLX: effort 58,46 28,24
NASA TLX: frustration 16,92 15,48

In view of these results, research question 1 can be answered. It is indeed possible to initiate
postural correction through technology-based vibrotactile feedback. Not only does it work in general,
but it also leads to good results in postural correction with regard to exercise performance from an
expert's point of view. The amount of work required to process the feedback is not so high that the
subjects are prevented from actually performing the exercises tested.

Research question 2.

The second research question was related to technology acceptance: "What requirements do
users have for vibrotactile technology-based feedback to be acceptable?". To answer this question, the
subjective evaluations of the feedback in terms of intensity, purpose and the associated positive or
negative feelings from the users' perspective were surveyed.

Intensity of the vibration. An essential question in connection with this second research question
is whether the vibrotactile feedback during the execution of an exercise is strong enough to be
perceived by the user. To answer this question, the subjects gave subjective assessments of the
intensity of the vibration in relation to the different areas of the body where feedback could be given.
The anchors "not noticeable at all" and "weak" were combined into one category to represent the area
identified as “needing improvement”. The anchor "too strong" was not selected by any of the
participants. Overall, the strength of the vibration was perceived well in all areas of the body. The
area, which was perceived least good, was the abdominal area with 23.10 % of subjects rating it as
“weak” or “not noticeable at all”. The upper body areas were only rated as “to weak” by 7.70 % to
15.40 % of the subjects.

Perceived purpose of the feedback

Apart from the basic perception of the feedback, the purpose that the user associates with it is
crucial. If the feedback is interpreted differently than intended by the designers and physiotherapists,
this can lead to serious discrepancies between the intention of the feedback and the user's actions
after correction. The feedback was not perceived as meaningless (0 %). A large proportion of subjects
assigned the purposes indicative (84.60 %) and supportive (69.20 %). However, it was perceived as
indicative by only a small proportion of respondents (30.80 %). Moreover, it was not perceived as
alarming (0 %), a mediated purpose that can lead to negative emotions.

Feedback-associated emotions

As indicated earlier, the purpose of feedback can evoke emotions with feedback technology. To
further investigate the feelings conveyed by vibrotactile feedback in exercise situations, subjects rated
a variety of possible feedback-associated emotions. These included feelings with positive
connotations, such as "motivating" or "relaxing", as well as feelings with more negative connotations,
such as "irritating" or "dangerous". Figure 3 show the percentage values of the ratings. In general, the
feelings with positive connotations were rated "does not apply" in the majority of cases (between 54
% and 100 %). The feedback does not seem to trigger many positive feelings. Nevertheless, about 50
% of the respondents rated the feedback as motivating and about 30 % as pleasant. This is related to
the results regarding the negatively connoted feelings, which were rated as almost completely absent.
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The feelings "dangerous" and "irritating" received 7.7 % approval, while "frustrating” (0 %) was
completely absent from the subjective evaluation.

POSITIVE EMOTIONS NEGATIVE EMOTIONS

motivating
irritating

relaxing

dangerous

pleasing

frustrating

calming

meaningless

exciting

B does not apply

W applies

Figure 3. subscales of emotional feedbacks of the NASA TLX questionnaire.

To summarise the results presented for research question 2, it can be said that the acceptance is
quite good for a first evaluation. The vibrotactile feedback perception is already at a very good level
and there are very low ratings for negative emotions. However, improvements in all aspects are
desirable for the future. The main aspect that needs improvement in the current situation is the
directional content that the feedback can provide.

4. Discussion

The purpose of this feasibility study was to investigate whether this technology-based feedback
approach is suitable as a correction tool for the execution of trunk-stabilising exercises and how it is
perceived. In this context it was examined, to which extend the subjects were able to correct their
execution in real time in response to given vibrotactile impulse. The vast majority of the test persons
rated the feedback as helpful for the implementation of the exercises. The physiotherapists also rated
independently of each other that the test persons were able to implement the vibrotactile feedback
instructions initiated by them well to very well and were accordingly able to correct the exercise
execution in real time without interrupting the flow.

Quality of movement and feasibility

As a general starting point, it was important to determine whether vibrotactile technology-
assisted feedback can have a general and positive effect on the exercise execution. The results showed
the general functionality as well as the quality of the feedback technique in a physiotherapy setting.

The results for practicability showed good ratings. The subjects were able to integrate the
feedback into their movements. Both the best and worst perceptions were attributed to reimpulsive
feedback points (under back/ 92.3 %; hip ventral 69.2 %), which is consistent with previous studies
(20,22). In contrast, attractive feedback was used for the activation exercise of the trapezius pars
transversa / trapezius pars ascendens muscle. In this case, 84.6 % of the subjects rated the intensity of
the feedback as easily noticeable. Although this study focuses on the recording of subjective user
sensations and not on measurements of vibrotactile detection, the results suggest that it is possible to
use both reimpulsive and attractive feedback in vibrotactile feedback training of trunk stabilising
exercises. It might be interesting to collect ratings on the users subjective preference regarding the
two feedback strategies in future research.
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Workload

The result for mental demand can be classified as a medium value (mean 47.7). It is in an
absolutely acceptable range for the task and indicates that the required mental capacities are not too
loaded by the processing of the vibrotactile feedback. Users should therefore be able to use the system
without too much workload. The highest scores were obtained for physical demand and effort. Both
describe aspects strongly associated with physical activity, with a higher score being acceptable due
to the characteristics of the exercises. Nevertheless, the results for physical demand and effort are
acceptable as long as they do not prevent the subjects from completing their tasks. The result for time
demand is very low, indicating that the subjects did not feel much time pressure during the exercises.
Frustration also reached a low level, which shows indicating that the subjects did not feel very
frustrated or insecure during the implementation. These results are consistent with the subjective
rating of the negatively connoted feedback-associated feelings listed under associated feelings in
Research Question 2, with frustration at 0 %, being not chosen by any participant. The value for
performance is located in the middle range of values. It was expected that the expression for
achievement would be between medium and high values, since getting feedback obviously means
that the subject is doing something wrong that needs to be corrected. Any correction can of course be
attributed to poor performance. This may diminish the rating of the degree of success on this variable.
So the results show a desirable result because the score is still relatively low. This is a very positive
result, because the subjects do not seem to interpret the receipt of feedback as failure, which can lead
to negative emotions.

Intensity of the vibration

An essential question related to this second research question is whether the vibrotactile
feedback during the execution of an exercise is strong enough to be perceived by the user. The
analysed data show that the quality of feedback perception was generally perceived as good.
However, the perception varied depending on the body part addressed. The vibrotactile feedback is
perceived less well at positions far from the head than at positions close to the head. For example,
perception at the hips and stomach is less good than at the upper body areas. This is largely in line
with the results of Bao et al. 2019 who used a similar approach in their study and found shorter
reaction times for healthy adults at feedback points close to the head compared to feedback points
far away. This could be due to the fact that the receptor density and the size of the receptive fields
are related to the cortical representation and therefore the tactile spatial acuity of the skin and the
density of the mechanoreceptors in different areas of the body vary greatly (27). This means that both
the perception and the neuromuscular response to vibrotactile stimuli are favoured in densely
populated body regions, which are particularly close to the head (22). Therefore, it is recommended
to vary the intensity of the vibrations depending on the body region in future studies in order to
achieve a similar perception for all body areas. To further optimise the feedback, it could be helpful
to adjust the frequency of the feedback in addition to varying the intensity depending on body region.
In this regard, the results of Stuart et al. 2003 can be interpreted, who were able to determine different
detection thresholds between different body regions in healthy individuals (28). They substantiate
their results with the fact that vibrotactile sensitivity depends on different groups of peripheral
receptors, which can be differentiated into four different channels. These have the ability to perceive
both high-frequency (60-1000 Hz) vibrations and, due to their fast-adapting afferent fibres also low-
frequencies (0.4-100 Hz). Depending on the size of the receptive fields and the density of the
receptors, there are clear differences between bald skin areas and hairy skin areas with regard to
vibrotactile sensitivity (28). In addition, Morioka et al. 2005 were able to observe a correlation in the
perception of threshold values of vibration depending on size and location of the actuator. The effect
varied with regard to proximal or distal positioning (29). The aspect of different perceptual sensitivity
depending on the location of the actuators on the body should also be taken into account when
deciding whether to use attractive or reimpulsive feedback (30). An additional interesting aspect of
the results is that no subject chose the anchor "too strong" as an option for vibration intensity. It would
be interesting for future research to generally test at what intensity a vibration is perceived as "too
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strong" in a realistic context and whether "too strong" even exists in certain or all areas. If this is not
the case, the vibration intensity for embodied feedback technology can be further increased. This can
reduce the risk of users perceiving it as too weak to almost zero. This has the potential to minimise
the system's susceptibility to error.

Perceived purpose of the feedback

Apart from the basic perception of the feedback, the purpose that the user associates with it is
crucial. If the feedback is interpreted differently than intended by the designers and physiotherapists,
this can lead to serious discrepancies between the intention of the feedback and the user's actions
after correction. The feedback was not perceived as meaningless at all (0 %), which indicates that it
conveys information to the subjects. The majority of respondents classified the feedback as indicative
(84.60 %) and supportive (69.20 %). Here it would be desirable to achieve even higher values in the
future. However, it is not possible to deduce from the quantitative data how the implementation of
instructions for action can be improved. A possible starting point for future research could be the
design of the vibration pattern. However, it was only perceived as guiding by a small proportion of
respondents (30.80 %). It can therefore be assumed that directional instructions cannot yet be
optimally implemented. Again, it cannot be deduced from the quantitative data how the
implementation of directional instructions can be improved. Moreover, it was not perceived as
alarming (0 %), a mediated purpose that can lead to negative emotions. The purpose of warning,
which could also trigger negative emotions, was assigned to feedback at 23.10 %, indicating a more
urgent interpretation compared to the other assigned adjectives. Both warn and alert imply urgency,
more so than support, point out or similar. In this respect, the low approval rate for feedback with
these connotations is positive, as the negative emotions associated with urgency (e.g. panic, fear, etc.)
are avoided. For future application purposes, it would be interesting to test the effect on subjects of
vibrotactile patterns associated with a warning. In the long term, a gradation of feedback patterns
between "pointing out/supporting” for minor error behaviour over a short period of time and
"warning" for potentially harmful and/or long-lasting error behaviour could be realised.

Feedback-associated affective emotions

In general, the emotions with positive connotations were rated "does not apply" in the majority
of cases (between 54 % and 100 %). About 50 % of the respondents rated the feedback as motivating
and about 30 % as pleasant. This is related to the results regarding the negatively connoted feelings,
which were rated as almost completely absent. The feelings "dangerous” and "irritating" received
only 7.7 % approval, while "frustrating" (0 %) was completely absent from the subjective evaluation.
The absence of frustration is nevertheless very positive for the proposed vibrotactile feedback
method. In particular, the absence of "irritating" and "frustrating" is an important result here. If the
system were irritating, it would most likely lead to less good or even worse posture correction. It may
also lead to higher frustration scores because the user would not know what to do when feedback is
given. In the absence of these issues, it can be concluded that the feedback technology, derived from
the data, is generally functional, with some room for improvement in identified areas. Overall, it can
be assumed that subjects tend to rate feedback as neutral due to the absence of negative emotions and
the relative absence of positive emotions. This is a landmark finding for the future of technology. It
may not be necessary for the system to be associated with positive emotions; rather, it is necessary
not to arouse negative emotions through further developments.

5. Conclusions

In this feasibility study, we investigated for the first time the practicability of a vibrotactile
feedback system for motion guidance in the context of physiotherapy. We did not only proof the
technological and clinical feasibility but also the user experience and acceptance of such a system at
the same time. By that, we can show that the use of real-time feedback via a haptic waistcoat could
be a promising approach to correct trunk-stabilising exercises. The results of the expert evaluation
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indicate a significant improvement of quality of movement trough the vibrotactile feedback and can
be compared with the effect of the “real” haptic feedback of a physiotherapist. On top, the
physiotherapists rated the ability of implementation as high. That results in the overall assessment of
the experts that such a system has a high practicability for remote active motion guidance. The
results of the NASA TLX questionnaire suggest that the use of such a system can reduce the trainees'
fear of independent training and support the users instead. In order to increase the trainees'
motivation, it could be considered in the future to underpin the vibrotactile feedback with an acoustic
feedback which motivates the user with positive statements when the movement is performed more
correctly. Thus, in the setting of a home-based training, this system could increase the training fidelity
and the long-term success. In addition, follow-up work should investigate whether the perception of
body parts such as the abdomen or hips can be improved in healthy people by adjusting the
vibrotactile parameters as intensity or frequency. Furthermore, it should be tested whether back pain
patients react similarly to healthy persons to the vibrotactile feedback or whether the feedback must
be fundamentally changed in this cohort. This also concerns the positioning of the sensors in pain
patients. Here, it must be checked which distance from the pain point must be maintained in order
not to increase the pain due to the haptic feedback but nevertheless to achieve the desired movement
correction.
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