Harnessing the experience of presence for virtual motor rehabilitation:
towards a guideline for the development of virtual reality environments
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ABSTRACT

The experience of presence has been shown to be important for virtual motor rehabilitation. De-
spite its importance, current research and therapy systems often make only limited use of it. This
article introduces a conceptualization of presence that provides a guideline for the implementation
of virtual rehabilitation environments. Three types of visual feedback in virtual rehabilitation sys-
tems are linked to three dimensions of presence. In particular it is shown how movement visualiza-
tion, performance feedback and context information correspond to the presence dimensions: spatial
presence, involvement and realness. 1n addition, practical implications are discussed to support the
development of future virtual rehabilitation systems and to allow better use of the experience of
presence for virtual motor rehabilitation after stroke.

1. INTRODUCTION

Virtual reality (VR) systems have been shown to be effective for the treatment of patients with motor impair-
ments; however, the exact characteristics that lead to improvements are not well understood and more research is
still needed to optimize therapeutic outcomes and VR systems (Laver et al, 2011). In VR systems patients inter-
act with virtual environments: their movement is tracked with specific devices and is often visualized as move-
ments of a virtual avatar. Today it is not known exactly how features of a virtual environment impact upon
treatment outcomes. However, a key role for motivation and general effectiveness has been assigned to the expe-
rience of presence. Presence is defined as the illusion of nonmediation and the feeling of “being there” in the
virtual environment (Lombard & Ditton, 1997). Consequently patients who experience presence during VR-
based treatment focus on the game world that demands active participation. Therefore effective training may be
supported through presence, yet few studies have examined this in therapeutic VR application.

With this article we attempt to clarify the importance of presence for VR-based treatment of motor disabili-
ties after stroke. We identify three distinct feedback types that are provided by virtual rehabilitation systems.
These types match well with the three dimensional model of the presence experience proposed by Schubert et al.
(2001). We discuss how the feedback types and presence dimensions may foster recovery of motor function and
suggest practical implications that guide future development of virtual rehabilitation systems.

1.1  Dimensions of presence

Schubert et al. (2001) proposed a three dimensional model of the presence experience. They identified three
distinct factors contributing to an overall experience of presence. These factors were spatial presence (construc-
tion of a spatial mental model of the VR), involvement (attention allocation and concentration on the VR) and
realness (comparison of the VR experience against one in a physical world).

Spatial presence has been linked with embodied theories of cognition (Riva et al, 2010). Specifically the abil-
ity of a subject to act within a virtual environment (agency) is thought to determine a coherent spatial mental
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model of that environment. Importantly it is the subject’s individual perception of action potentials rather than an
objective availability per se that constitutes spatial presence. Factors that contribute to involvement include tech-
nical and human conditions (Schubert et al, 2001) as well as the attention towards a virtual environment. It can
be influenced through the choice of hardware components, but it is also dependent on the subjects’ motivation
and interest. The realness dimension represents a comparison of the experience made in the virtual environment
with a similar one in the real world (Schubert et al, 2001). The realness judgment is influenced by the level of
detail and the vividness of the VR.

1.2 Motor rehabilitation after stroke

Stroke is one of the main causes of acquired adult disabilities. Motor impairments following stroke are treated
mostly with physical and occupational therapy. The goal is to enhance cortical plasticity and motor (re)learning
to restore motor function and to acquire coping skills. Traditional therapy approaches focus on peripheral sen-
sorimotor stimulation using active and passive movements of the affected limb. Within these approaches, prac-
tice is the most important factor for learning motor skills and a combination of repetitive and variable movement
execution is required (Carr & Shepherd, 2010). Intensive training needs high patient motivation and adherence,
which is often difficult to achieve with neurologic patients due to rather high demands for little progress. Inform-
ing the patients about their performance and the overall rehabilitation progress therefore is an important feature
of practice. Using virtual rehabilitation, this challenge can be mitigated due to the possibility to include perfor-
mance information in a motivating game experience.

Recent therapy approaches focus on central sensory stimulation of the impaired brain areas and make use of a
neurologic mechanism, which activates cortical motor areas by observation or imagination of movements. This
allows patients after stroke to activate neuron pathways similar to those recruited to execute movements that they
are physically not able to perform. Though details about the underlying cortical mechanism are still under de-
bate, the effectiveness of observing movements in a mirror for motor learning after stroke has been proven
(Thieme et al, 2012). Virtual reality systems can replicate and even exceed the capabilities of a traditional optical
mirror and produce a stronger illusion of actions for central sensory stimulation (Regenbrecht et al, 2011; Ho-
ermann et al. 2012).

2. INFLUENCING THE EXPERIENCE OF PRESENCE WITH VIRTUAL FEEDBACK

Only limited evidence about features of the VR design for specific rehabilitation effects can be drawn from the
literature today (Ferreira dos Santos et al, 2013; Laver et al, 2011). So far no design standards have evolved.
Furthermore the applied VR-systems are often considered as a whole technology and not examined in detail
during clinical studies, which makes it hard to draw conclusions about the individual design features. However a
need for shared design considerations has been stated before and research towards this has been presented by
Doyle et al. (2011). Virtual rehabilitation systems provide different types of feedback to the patients. The fea-
tures of a virtual environment can be separated into distinct groups of feedback. Each of these groups corre-
sponds primarily to a certain presence dimension (Table 1). The three types of feedback will not always be used
in virtual rehabilitation systems, but usually they will be implemented to enable a complete game experience.

Table 1. Types of feedback with their corresponding presence dimension.

Type of Feedback Presence dimension
Movement visualization |<—> Spatial presence
Performance feedback |<—> Involvement

Context information <—> Realness

2.1 Movement visualization

The patients are represented in VR by means of movement visualization, where motor actions are captured and
transferred to a graphical object that is synchronously animated. In many cases this object will take the form of
an anthropomorphic avatar that is observed from a first- or third-person perspective. However, fictive or abstract
objects can also be used. In order to orient themselves in the virtual world and to manipulate objects, patients
need to identify with the movement visualization. Since the action potential of the environment is experienced
through this representation, spatial presence will be evoked when the patients are able to enact their intentions
with the movement visualization. The observation of movement visualization in virtual rehabilitation systems
can have a direct effect on motor learning since it can lead to central stimulation of cortical motor areas. Neuro-
physiological studies have shown that observing virtual limbs” movements stimulates cortical activity similar to
the observation of real limbs in a mirror (Dohle et al, 2011). It has been postulated that observation of virtual
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limbs can facilitate the functional reorganization of the neuronal systems directly or indirectly affected by stroke
(da Silva Cameirdo et al, 2011). Thus an additional motor learning effect may be achieved when performing and
observing movements during training. We furthermore postulate that the experience of spatial presence modu-
lates central stimulation of motor areas during observation of movement visualizations. When experiencing spa-
tial presence, the subject attributes the observed virtual motor actions to itself and corresponding cortical areas
will be stimulated. We hypothesize a positive correlation between spatial presence and central stimulation.
Therefore spatial presence is of high importance for motor learning in virtual rehabilitation.

2.2 Performance Feedback

Performance feedback is usually considered one of the key features increasing the involvement in virtual envi-
ronments. During the treatment, patients have to accomplish tasks and when they are successful they gain points
or proceed to a more difficult level. The task as well as the points or level will be visualized in some way in
order to add meaning to the patient’s exercises and inform them about their progress. In terms of its relevance for
motor learning, performance feedback can be further differentiated into knowledge of performance (KP) and
knowledge of results (KR) (Carr & Shepherd, 2010). In traditional therapies, feedback is often given in terms of
KP, leading to an internal focus on the correct limb positions and movements during task execution. However,
Wulf (2007) demonstrated that an external focus on the effects that the trained movements should have in the
environment is more effective for motor learning. Thus performance feedback should also focus on providing
KR. Virtual environments are well suited to provide both, information about the performance and about the re-
sults, within a game experience. In this way performance feedback can be regarded as a motivational factor and
may foster the patients’ adherence to the training. By means of performance feedback, the attention of the pa-
tients will be drawn towards the VR and, assuming the patients are willing to succeed in the game, will increase
their engagement and involvement. Thus the presence dimension of involvement is linked with the effectiveness
of performance feedback by motivating and engaging the patients.

2.3 Context information

Finally context information will be displayed that pictures the virtual world. This information may resemble a
naturalistic place or a fictive environment in which the patients’ representative and the tasks are conceivable.
Background objects and animations give the VR system the impression of a real environment that is not just a
technical artefact for therapeutic purposes. Atmospheric sensory stimuli in the form of sounds can add to the
vividness of the experience. An important goal of therapeutic treatment is the transfer of learned behaviour to
everyday activities, which patients should be confident enough to perform. Virtual environments can display real
world contexts and objects used in every day tasks so that the patients can associate the learning with situations
from their daily life. The realness presence dimension relates to this kind of vividness of a VR environment.
Depending on the treatment approach, virtual rehabilitation systems may display various types of contexts, natu-
ralistic or fictive. However in each case the realness presence dimension will be determined by the amount and
coherency of the provided context information and thus affect how well the therapy system establishes a real
experience. If an everyday task should be learned the realness dimension may even point towards the possibility
of transferring the training situation to daily life.

3. EXAMPLE OF PRACTICAL APPLICATION

A previous study tested the hypothesis that presence is important for motor learning (Schiiler et al, 2014). The
Abstract Virtual Environment for Stroke Therapy (AVUS) was used for the treatment of 5 upper-limb hemiparet-
ic patients. The system visualizes movement in an engaging way with different levels of abstraction (see Fig. 1).

Figure 1. Movement visualization with the AVUS system.

AVUS is based on the assumption that observing abstract visualization of movements supports spatial presence
and thus central stimulation of motor areas. The results of the preliminary study point towards the soundness of
this hypothesis, by showing a suggestive correlation between the experienced sense of presence and the rehabili-
tation outcome as measured with a modified version of the Igroup Presence Questionnaire (Schubert et al, 2001)
and the Fugl-Meyer motor assessment.
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4. DISCUSSION

With this article we introduced a conceptualization of virtual rehabilitation systems that distinguishes between
three types of feedback and attributed these to three presence dimensions. We suggested how the feedback types
and presence dimensions may aid motor rehabilitation after stroke. We presented theories and preliminary study
results that point towards the importance of presence for virtual rehabilitation and support our hypothesis that
spatial presence modulates central stimulation of motor areas when observing movement visualizations.

Some practical implications can be drawn from our conceptualization. Movement visualization seems to play
an important role for motor rehabilitation and should therefore be designed with special caution. While anthro-
pomorphic shapes are used predominantly, there is also scientific rational to use more abstract forms and objects
in order to develop a strong sense of spatial presence (Schiler et al, 2014). Future research should focus on clari-
fying the effects of movement visualization on the experience of presence and motor learning. Some kind of
performance feedback is incorporated in most virtual rehabilitation systems. However since involvement in a
VR-experience requires concentration, performance feedback should not be overloaded or distract the attention
of the patients. Moreover what is judged to be motivating feedback is dependent on personality traits. This type
of information should therefore be made adaptable. With regard to context information, the provided information
should place the treatment in an appropriate context and allow the patients to have an optimized experience of
the VR. Even though each of the three feedback types individually is suggested to have an influence on motor
learning or transfer; combining them together will probably be most effective for therapeutic VR applications.
Therefore we assume that a consideration of all interrelationships between feedback types and an optimized
support of the sense of presence in the virtual environment is important for a holistic realisation of motor learn-

ing.
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