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ABSTRACT

Training a myo-electric prosthesis could benefit from a virtual reality environment (VRE) as a training tool, however it
should match the wishes and needs of prosthesis users and therapists. We investigated whether an existing VRE, developed
for exploration of prosthesis use, complied with the needs and wishes of the end-users, regarding control and feedback.
The VRE simulated a coffeehouse where different types of cups of coffee needed to be grasped. A preliminary sample of
eight prosthesis users and eight therapists tried out the VRE and subsequently filled out a 7-item numeric rating scale
questionnaire. Prosthesis users were not very satisfied with the control in the VRE, mainly due to the delay between the
muscle impulse and the prosthesis movement. Therefore, they felt that the control did not correspond to a daily life
experience with their own prosthesis. End-users agreed that sparse visual feedback was used and, then, only when needed.
Negative feedback was however present in the game, which was only noted by therapists. Prosthesis users and therapists
agreed with most items of the questionnaire, indicating that they experienced most factors of the framework in the VRE.
However, the observed differences in experiences between end-users showed that both prosthesis users and therapists
should be involved in the assessment of training tools.

INTRODUCTION

People with a limb deficiency can use a prosthesis to assist them in daily life tasks. From the majority of the available
active prostheses, the myo-electric prostheses, which are controlled by the muscle signals of the user, are the most difficult
to learn to control. Due to the lack of function and comfort, they are often abandoned [1]. Training can help a user to learn
how to successfully control the prosthesis, however this is time consuming and often experienced as dull [2]. New ways of
training are emerging due to the use of virtual reality environments (VRE), where a person can immerse themselves in a
digital environment. VREs provide multiple advantages, such as adaptable environments, multiple possibilities in
exercises, different types of feedback and the ability to include game elements in the training [3,4]. These can all help to
improve the learning experience for prosthesis users.

Previous research from our group investigated the important design characteristics of a VRE to adhere to the needs
and wishes of prothesis users and therapists [5]. Using a combination of a literature review and focus groups, the important
characteristics of a VRE were detailed in a framework. The framework, consisting of four main domains and 46 factors,
could be used during the development of a VRE or to verify whether an existing VRE adheres to the framework. The latter
was explored for the first time in this study using the barista game (The Simulation Crew, Nijmegen). The framework was
rewritten as a questionnaire to investigate the opinion of the user with regards to the current system. Here, we report on the
domains control and feedback, since the use of feedback in VR could benefit the learning process for prosthesis control.
Our research questions were as follows: 1) can the framework be used as a questionnaire to assess an existing VRE?; 2)
does the VRE of the barista game include the needs and wishes of the end-users (users and therapists) according to the
VRE framework domains control and feedback?

METHODS

The study was approved by the central ethics review board of the University Medical Center Groningen (RR1147).
Participants signed an informed consent before participation.

The domains control and feedback, each containing 3 subdomains and 8 factors, were investigated in this study (Figure
1, A). We rephrased the factors of the framework into statements, where participants could indicate on a numeric rating
scale from 1 (strongly disagree) to 10 (strongly agree) how much they agreed with the statement. Factors which either did
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not exist in the current game or were clearly available, were removed beforehand for conciseness of the questionnaire. The
factors that were removed concerned co-contraction and switching commands, control for lack of weight, audio and
vibration feedback, as these were not implemented in the current VRE and could therefore not be assessed. Factors
regarding calibration in different arm positions, proportional control, feedback on electromyography (EMG) and force, and
animation as instruction of movement were clearly evident in the VRE and therefore also removed. Descriptive data such
as mean and standard deviation was reported. Due to the small sample size and explorative nature of the study, no statistics
were performed.

The 7-item questionnaire was used to evaluate whether an immersive VRE, which was developed to provide
myoelectric training, contained the factors of the framework. The commercially available Oculus Rift was used in
combination with a Bluetooth-connected Myoband (Otto Bock Healthcare Products GmbH, Wien, Austria) containing four
active electrodes (Figure 1, B). A calibration was performed in three different arm positions, where the user trained the
system the muscle signals for hand-open and hand-close movements. In the VRE, the participant immersed themselves in
a Mediterranean café to work as a barista, where coffee orders had to be completed (The Simulation Crew, Nijmegen). The
task was to grasp the correct cup with the prosthetic hand, place it under the coffee machine and press the correct button
for the right drink (Figure 1, B). The cup had to be placed on the serving tray, subsequently. Higher levels resulted in more
difficult game play, such as breakable cups that had to be grasped using proportional control or cups placed on high and
low shelves. Participants played for approximately 15 to 30 minutes, depending on how fast they could complete the orders.
In the game, feedback was provided on the force and EMG signal.

Control Feedback

Goal of the training regarding the control The way feedback is provided to the user
- Training of co-contraction/switching commands *

- Mainly visual feedback, but used sparsely
- Training of single muscle activation

- Audio feedback for specific actions *

- Train separability and consistency of patterns - Vibration feedback for specific actions *
EMG Topic on which feedback is provided
- Control for the lack of prosthesis weight in VR * - EMG signal *
- Include proportional control * - Force production *
- Prevent lagging of EMG signals
Type and moment of feedback
Calibration

- Solely positive feedback

- Extra feedback during learning phase, later only
when needed

- Animations as instruction of the movement *

- Calibrate in different arm positions *
- Difficulty of the control comparable to daily life

Figure 1: A: The domains ‘Control’ and ‘Feedback’ of the framework, which was developed based on a
narrative review and focus groups with prosthesis users and therapists. Factors marked with an asterisk were
not included in the questionnaire since they either did not exist of were clearly available in the VRE. B: the
setup of a prosthesis user wearing the VR headset and Myoband around the stump (left photo). The task is to
grasp cups to fulfil the coffee order (right photo).
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RESULTS

A preliminary sample of eight prosthesis users (six males and two females, mean age 61.8 years) and eight therapists
(one male and seven females, mean age 49.6 years) participated in the VR experience. The majority of the prosthesis users
had a congenital deficit (N=5), the others (N=3) had an amputation due to trauma. Most of the participants had a previous
VR experience (N=10).

Prosthesis users seemed to rate the control in the VRE lower than therapists, providing a mean score (+standard
deviation) of all questions of 6.5+3.4 and 7.442.5, respectively (Figure 2). This was mainly visible in the items “lag between
EMG and prosthesis movement” (prosthesis users=5.4+4.0; therapists=7.3+2.7) and “comparability to daily life prosthesis
use” (prosthesis users=4.9+3.8; therapists=6.6+2.6). For the “control of a specific muscle” (prosthesis users=7.8+2.7;
therapists=8.1£1.7) and “the training of separable muscle patterns” (prosthesis users=8+2.4; therapists=7.8+2.9), end-users
generally agreed with these statements.

Prosthesis users provided a higher score on the feedback items (mean score of all questions=8.0+£2.2) compared to
therapists (mean score of all questions=7.0+2.4). Therapists noted that not only positive feedback was provided, since the
waitress would respond displeased if participants did not prepare the right order (prosthesis users=7.9+2.4;
therapists=5.3+2.7). All end-users seemed to agree that “the visual feedback was not too much” (prosthesis users=8.4+2.4;
therapists=8.0+1.8) and that “extra feedback during the learning phase” (prosthesis users=7.6+2.1; therapists=7.9+2.0)
were present.

[ Therapists (N=8) [[7]Prosthesis users (N=8)

| thought that the contraction of a s e—
specific muscle was practiced

| thought that separable muscle activation b
patterns were trained i

Control

| thought that there was a minimal lag between b !
the EMG signal and the movement of the hand

| thought that the difficulty of control the same I |
was as in daily life with my own prosthesis | |

| thought that the visual feedback I {
was not too much

| thought that there was only positive feedback

Feedback

| thought that there was extra feedback during l
the learning phase and later only when needed I {

Numeric Rating Scale
Figure 2: Questionnaire related to the framework of important design characteristics that should be part of a
VRE to train prosthesis control, and the ratings of the therapists (orange) and prosthesis users (blue). Mean
scores are represented by the bar graphs, whiskers represent the standard deviation

DISCUSSION

We investigated whether a previously developed framework describing the important design characteristics of a VRE
for prosthesis control training could be used as a questionnaire and to investigate whether an existing VRE adhered to the
framework. Results showed that the questionnaire could be used to assess adherence to the framework, although there were
some limitations (see limitations). The prosthesis users and therapists agreed with most statements in the questionnaire,
indicating that most factors were present in the barista game. We also noted that that the experiences of prosthesis users
and therapists sometimes seemed to differ. Prosthesis users addressed that the control was often more difficult compared
to their daily life prosthesis, in most cases this was caused by the delay between muscle activation and prosthesis movement.
Note the large standard deviation in these questions, which indicates that some users agreed with the statements while
others strongly disagreed. Furthermore, therapists might be less capable to judge whether control in VR is comparable to
daily life, due to their lack of prosthesis experience.

Prosthesis users seemed to provide a higher score compared to therapists on the statement that “there was only positive
feedback”, a possible explanation is the unfamiliar term of positive feedback to patients. In the game, negative feedback
would mean that the waitress would respond displeased with an incorrect order or when a glass was dropped, it shattered
on the ground. These feedback visuals were negative, in the sense that they highlight something that the user did wrong.
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According to the data logs, prosthesis users did encounter these experiences, but they were not perceived as negative. It is
therefore questionable whether negative feedback should be avoided, as is mostly advised in learning studies [6]. The
different experiences between prosthesis users and therapists shows that both types of end-users should be involved in the
usability studies of training tools, since each group pays attention to different aspects of the system.

Limitations: The framework factors from previous research were translated into a questionnaire. Some questions could
be interpreted in different ways. For example, the statement “control of the prosthesis is the same as daily life”. A low
score on this item could mean that prosthesis control was either easier or harder compared to their own prothesis. Therefore,
the information in the questionnaire provides limited information. The formulation of the questionnaire should be formally
validated to be more informative. Another limitation is that in this study we chose not to rate all the items from the
framework, for the conciseness of the questionnaire. In the future, all items could be rated, leading to more information on
how end-users experienced the VRE and where improvements can be made in the design. Future research could use the
framework as a questionnaire to assess VRE, however, the factors that are incorporated and the framing of the questions
are important to reconsider.

Conclusion: Prosthesis users and therapists agreed with most items in the questionnaire, indicating that they
experienced most factors of the framework in the VRE.
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