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Editorial on the Research Topic

Exploring Human-Computer Interactions in Virtual Performance and Learning in the Context
of Rehabilitation

Virtual reality (VR) environments are becoming increasingly prominent in rehabilitation
(Howard, 2017), but much remains to be understood about the influence of human factors
on the effectiveness of virtual interactions. VR environments relevant to rehabilitation contexts
vary in terms of interaction interface requirements and methods of input and control (Lubetzky
et al., 2020). Other technological affordances such as level of immersion, the type of feedback
provided, or the complexity of audiovisual graphics may also influence outcomes in
rehabilitation contexts, and the extent to which interactions in virtual environments
transfers to improved outcomes in real life. In order to support the emerging evidence-
base, it is important to understand how user characteristics interact with the technological
attributes of virtual environments to influence performance, behaviors and learning. The goal
of this Research Topic was to highlight insightful and multidisciplinary examples of the
potential impact of human-computer interactions in virtual environments in the context of
rehabilitation.

Many of the articles in this Research Topic discuss the need for human-computer interfaces to
individualize interventions by tapping into the emotive aspects of rehabilitation. To this end, Elor
and Kurniawan present a bridging review that links immersive virtual reality to rehabilitation. They
propose a theoretical framework that informs design of a computationally-adept medium for
physical rehabilitation. Their framework expands the perception of VR by proposing a
rehabilitation-specific VR system which would integrate emotional feedback, among other
outcomes collected in real-time.

Croucher et al. present the use of embedded context-sensitive attractors to guide attention and
walking direction during virtual reality-based clinical walking interventions. The authors posit that
verbal directions provided in virtual environments reduce participant autonomy and they argue that
the investigation of such context-sensitive attractors is a step towards enhanced virtual rehabilitation.
Willis et al. explored the spatial relationships between visual and tactile stimuli. In their investigation
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of visual capture of a tactile sensation, the authors promote the
concept that perception is individual and matters to the design of
environments for rehabilitation, specifically for
individuals with phantom limb pain.

Two other studies in this Research Topic present further
findings to support the need for personalization in virtual
reality environments. De Castro et al. explore commercially
available accelerometers for home practice of motor tasks in
persons post-stroke. The findings from this study highlight the
need for machine learning algorithms to present clinically-relevant
data and guide rehabilitation treatment planning. Brown and
Powell present evidence to support the need for a pre-exposure
baseline measure of cybersickness in people with chronic pain to
support better interpretation of findings from research studies
using head-mounted displays in rehabilitation. Each of these
articles provide robust evidence for the need to personalize
components of human-computer interactions in virtual
environments, as well as to better the understanding of specific
patient populations, to support optimal rehabilitation and learning.

The remaining articles in this Research Topic discuss transfer
or generalization of performance in a virtual environment to the
real world. Joyner et al. compared performance of a dexterous
task in VR and real-world environments in order to improve VR-
based training for individuals with technologically-advanced
upper limb prostheses. The authors suggest that unrealistic
physics and object occlusion are important characteristics of
the virtual environment to consider when designing for
success in the real world. Keshner and Lamontagne argue that
characteristics of virtual environments must be executed and
applied carefully to support transfer to real-world performance.
Though their research is in balance and gait in neurological

virtual
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disorders, they highlight how virtual environments that enhance
perception-action  coupling lead to better real-world
performance. Harvie discusses specific features of VR that can
support active learning, improve access, and increase transfer of
learning and skills to the real world for individuals with chronic
diseases taking part in self-management interventions. Lastly,
Furmanek et al. present research on how components of the
virtual environment, specifically hand-object collisions, impact
perception-action dynamics and reach-to-grasp coordination
both in the virtual environment and in the real world.
Together, these studies add to the literature on virtual
environment design to advance our understanding of its
importance on transfer of training.

Hoeg and colleagues present a systematic review and meta-
analysis of virtual reality-based rehabilitation in older adults. The
review and analyses classify studies based on level of immersion
and present a taxonomy of virtual rehabilitation systems. The
paper is a call to action to the field of virtual rehabilitation to
address the ambiguity of definition of VR and immersion. All the
papers in this Research Topic illuminate what is currently known
about the influence of human factors in learning in virtual
rehabilitation contexts, identify subsequent research directions,
and inform decision-making about clinical use of VR
environments in rehabilitation.
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