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Abstract
Parkinson’s Disease is best managed by medication in combination with regular
neurorehabilitation and physiotherapy. Certain physically active virtual reality
experiences can offer therapeutic benefits to the Parkinson’s Disease population in
particular. Specifically, the rhythm-based game Beat Saber offers a novel form of
physical activity that largely aligns with the principles of Neurological Music Therapy
and, to some extent, Dance Therapy. The benefits of these approaches, which are already
known to be effective in mitigating symptoms of Parkinson’s Disease, are likely to yield
similar or improved therapeutic outcomes due to the interactive, multisensory and
immersive characteristics of virtual reality technology. Because there is little to no
research on physically active virtual reality and the Parkinson’s Disease population, this
pilot study aimed to explore the feasibility, acceptability and usability of using Beat
Saber as a supplemental therapeutic activity. Change in high game scores, arm swing
magnitude and game enjoyment between Study Visit 1 and Study Visit 4 were assessed
quantitatively and qualitatively. No adverse side effects were reported during or after
gameplay. On average, participants improved their game scores and arm swing
magnitude, indicating that individuals with Parkinson’s Disease can improve their game
performance and temporarily mitigate their symptoms. Game enjoyment also improved
between Study Visit 1 and Study Visit 4, suggesting that the experience can be highly
enjoyable for this population, especially after multiple exposures. Suggestions for future
research and game design are outlined and discussed.

Keywords: Parkinson’s Disease, virtual reality, physical activity, Oculus Quest, Beat
Saber, Neurological Music Therapy, Dance Therapy
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Introduction
Parkinson’s Disease is a common neurodegenerative disorder that affects more
than 10 million people worldwide (Ball, Teo, Chandra, & Chapman, 2019). Researchers
predict that the prevalence of the disease will continue to increase globally, underscoring
the need to optimize care and treatment of the illness (Bhalsing, Abbas, & Tan, 2018)
(Rossi et al., 2018).
Clinical signs of Parkinson’s Disease involve a combination of motor and nonmotor symptoms, including disturbed movement1, rigidity, pain, fatigue, depression and
apathy, among other issues (Batson, Hugenschmidt, & Soriano, 2016) (Berardelli,
Rothwell, Thompson, & Hallett, 2001) (Bhalsing, Abbas, & Tan, 2018) (Reich & Savitt,
2019). The disease also impacts the ability to communicate, causing mild to severe vocal
alterations, facial masking and diminished coordination that can inhibit writing and
typing ability (Batson, Hugenschmidt, & Soriano, 2016) (Miller, 2017) (Berardelli,
Rothwell, Thompson, & Hallett, 2001) (Nackaerts et al., 2016).
The management of Parkinson’s Disease is best accomplished through a
combination of medication and regular neurorehabilitation and physiotherapy (Bhalsing,
Abbas, & Tan, 2018) (Shih, Moore, Browner, Sklerov, & Dayan, 2019). Because these
symptoms are a result of diminished nigrostriatal dopaminergic neurons, physical activity
and exercise, which can temporarily elevate levels of dopamine in the motor cortex, are
critical in managing the symptoms and progression of the disease (Bhalsing, Abbas, &
Tan, 2018) (Shih, Moore, Browner, Sklerov, & Dayan, 2019). Physical activities such as

1

Disturbances in body movement include bradykinesia (slowness of movement), akinesia (poverty of
spontaneous or associated movement) and hypokinesia (movements smaller than desired) (Berardelli,
Rothwell, Thompson, & Hallett, 2001).
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dance, Tai Chi and yoga are known to benefit people with Parkinson’s Disease in
particular (Bhalsing, Abbas, & Tan, 2018) (Batson, Hugenschmidt, & Soriano, 2016).
Significant developments in virtual reality technology over the past decade now
provide new creative opportunities for physical medicine (Kim, Darakjian, & Finley,
2017) (Mirelman, Maidan, & Deutsche, 2013). Unlike similar video game technologies,
virtual reality can be distinctly wireless, completely immersive and capable of tracking
free movements in three-dimensional space, allowing designers to engineer more robust
perceptual experiences that can emphasize certain stimuli and sensations while
intentionally deemphasizing others (Tech@Facebook, 2019). The combination of
interactivity, sophisticated multisensory feedback and immersion is ultimately unique to
virtual reality (Sherman & Craig, 2018) (Slater & Wilbur, 1997) (Stankovic & Stanislav,
2015). Traditional game features, such as immediate feedback on game performance, also
enhance the utility of these experiences. Ultimately, these collective characteristics will
prove to be useful in providing new forms of physical activity that are otherwise
impossible in the real world.
This physically active virtual reality can offer experiences that are likely to help
improve certain symptoms and dysfunctions related to Parkinson’s Disease, especially
when designed to facilitate motor learning as well as movement initiation and calibration
(Adamovich, Fluet, Tunik, & Merians, 2009) (Mirelman et al., 2011). Thus, as an
example, movement velocity, speed and amplitude are typical proxy measures that
determine how an intervention impacts certain motor symptoms, such as bradykinesia,
akinesia and hypokinesia (Berardelli, Rothwell, Thompson, & Hallett, 2001) (Dockx et
al., 2016). Symptomological improvements from physically active virtual reality are
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largely a result of vivid external cues—also known as virtual reality motor cues—that
encourage interaction and specific physical movements (Palacios-Navarro, Albiol-Pérez,
& García-Magariño García, 2016) (Perez, Gil-Gomez, Alcaniz, & Lozano, 2009). These
cues are typically more sophisticated than external cues in the real world as they often
combine consistent, synchronous visual, auditory and haptic feedback to reinforce action
through “positive” and “negative” sensoriperceptual coding (Adamovich, Fluet, Tunik, &
Merians, 2009) (Palacios-Navarro, Albiol-Pérez, & García-Magariño García, 2016)
(Stankovic & Stanislav, 2015). As a result, vivid external cues in virtual reality are likely
to elicit responses in the human reward system and can even promote a “flow state,” one
where the user feels a loss of self-consciousness and heightened sense of control
(Adamovich, Fluet, Tunik, & Merians, 2009) (Csikszentmihalyi, 2014) (Klasen, Weber,
Kircher, Mathiak, & Mathiak, 2012) (Rhodes et al., 2019). In other words, immersive,
physically active virtual reality can be potentially high in autotelic experience and, thus,
enjoyment (Csikszentmihalyi, 2014) (Klasen, Weber, Kircher, Mathiak, & Mathiak,
2012).
The pleasure of experiencing certain virtual environments may distract users from
their worries, concerns, pains or other bodily discomforts that often accompany physical
activity and exercise (Matsangido et al., 2019) (Monedero, Lyons, & O'Gorman, 2015).
This phenomenon can result in more and higher levels of effort when compared to similar
physical activities in the real world (Baños et al., 2016) (Bond, Laddu, Ozemek, Lavie, &
Arena, 2019) (Matsangido et al., 2019) (Monedero, Lyons, & O'Gorman, 2015).
Numerous studies have also found that users were likely to expend effort for longer
periods of time while in virtual reality (Bond, Laddu, Ozemek, Lavie, & Arena, 2019)
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(Kraft, Russell, Bowman, Selsor, & Foster, 2011) (Monedero, Lyons, & O’Gorman,
2015). This is an important consideration. For one, the Parkinson’s Disease population
faces several barriers that limit activity and exertion, including pain, fatigue, limited
mobility and even psychological factors, such as diminished self-efficacy and motivation
(Hermanns & Lisk, 2019).
Beat Saber, a rhythm-based virtual reality game, potentially offers a new form of
physical activity. The combined characteristics of Beat Saber align with the mechanisms
and principles of Neurological Music Therapy and, to some extent, Dance Therapy
(Batson, Hugenschmidt, & Soriano, 2016) (Madison, Ullén, & Merker, 2017) (Michels,
Dubaz, Homthal, & Bega, 2018) (Nombela, Hughes, Owen, & Grahn, 2013) (Thaut,
2013). Both therapeutic approaches have been found to help the Parkinson’s Disease
population in particular, making Beat Saber a novel physical activity that is likely to
yield positive rehabilitative effects similar to those of Neurological Music Therapy and
Dance Therapy (Batson, Hugenschmidt, & Soriano, 2016) (Nombela, Hughes, Owen, &
Grahn, 2013).
Therefore, using an Oculus Quest virtual reality system, this pilot study will have
individuals diagnosed with idiopathic or atypical Parkinson’s Disease play Beat Saber
during four study visits that happen over the course of about one week. In addition to
capturing continuous performance measures, this study will collect pre-post data through
quantitative and qualitative questionnaires.
This purpose of this study is three-fold. The first aim of this study is to examine
the Feasibility of using a rhythm-based virtual reality game to help improve symptoms
related to Parkinson’s Disease. In the context of this study, feasibility involves Safe Play
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and Game Performance. Achieving feasibility means the game can be played without
falls and virtual reality sickness. It also means participants can improve their high game
scores and arm swing magnitude, two key variables and concepts for assessing Game
Performance. Because immersive physically active virtual reality is so new and remains
largely uninvestigated for the Parkinson’s Disease population in particular, Safe Play will
be largely assessed qualitatively.
Another aim of this study is to determine the Acceptability of using Beat Saber
as a novel form of Neurological Music Therapy for the Parkinson’s Disease population.
In the context of this study, acceptability involves Symptomology and Game
Enjoyment. Achieving acceptability means the game improves Symptomatology, which
is assessed by increased arm swing magnitude, and causes high levels of Game
Enjoyment, which is measured by autotelic experience, loss of self-consciousness and
sense of control. Open-ended responses will supplement these quantitative measures of
Game Enjoyment.
The third and final aim of this study is to demonstrate how immersive virtual
reality in uniquely situated to support and even improve current physical therapy and
exercise programs—that is to say, virtual reality, unlike other technologies and even
absolute reality, can be used to engineer sensoriperceptual experiences that can
emphasize or distract users from certain stimuli and bodily sensations. While this is not a
comparison study, this research does aim to lay the theoretical groundwork for
understanding the advantages and affordances of virtual reality as well as its implications
in the domain of physical medicine. Qualitative feedback and researcher observations
will therefore be used to assess the Usability of Beat Saber as a therapeutic experience.
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In many ways, this pilot study is exploring how immersive Human-Computer
Interaction can broadly impact the brain. It is thus evident that the relationship between
humans and machines is one that deeply influences our psychology and physiology—a
series of interrelated outcomes largely predicated on a requirement and need to
communicate and receive commands by way of technological mediation. Therefore, it is
worthwhile to point out the parallels between the Human-Computer Interaction model,
the Interactive Model of Communication and the Embodied Cognition Framework. In
doing so, I will emphasize how the Embodied Cognition Framework is an especially
suitable framework for understanding and exploring the communicative and neurological
processes that occur as a result of immersive virtual reality.
The following pages will be organized accordingly: first, I will discuss the
parallels between the Human-Computer Interaction model, the Interactive Model of
Communication and the Embodied Cognition Framework in order to demonstrate how
communication and embodied cognition are especially useful for understanding and
exploring the potential effects of immersive virtual reality; I will then discuss the
affordances, characteristics and implications of virtual reality, especially in the domain of
rehabilitation and physical therapy; the etiology and symptomatology of Parkinson’s
Disease will be reviewed in order to introduce the principles, goals and expected
outcomes of Neurological Music Therapy and Dance Therapy. After covering these
topics, I will develop and discuss the argument that Beat Saber is a novel, therapeutic
physical activity that stands to benefit the Parkinson’s Disease population in particular.

1

Literature Review
This review of literature is organized into four distinct sections. These sections
are arranged in the following order: (1) Models of Communication and Cognition, (2)
Virtual Reality and Beat Saber, (3) Parkinson’s Disease, (4) Neurological Music
Therapy, Dance Therapy and Beat Saber. A brief summary will follow.
Models of Communication and Cognition
There are several distinct parallels between the Human-Computer Interaction
model, the Interactive Model of Communication and the Embodied Cognition
Framework. These similarities can be combined into a single framework that can be used
to explore and possibly explain the communicative and cognitive processes that
potentially occur as a result of immersive virtual reality.
Human-Computer Interaction was arguably conceived out of the desire and need
to democratize information technology during the 1960s (Norman & Kirakowski, 2017).
Over time, the basic feedback loop between user input and computer feedback evolved to
incorporate ergonomic input devices, sophisticated screen technology and greater storage
space and computing (Norman & Kirakowski, 2017). Computers have now largely
become wireless with computing power being distributed in the cloud, allowing for more
complex interactions that blur the line between human activity and computer processing
(Norman & Kirakowski, 2017). This is especially the case for virtual reality
technologies.
Although the Human-Computer Interaction feedback loop has developed in
complexity and performance, its basic premise is still foundational for immersive forms
of Human-Computer Interaction (Norman & Kirakowski, 2017) (Stankovic & Stanislav,
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2015). According to Stankovic
and Stanislav (2015),
interaction in a virtual
environment requires a constant
feedback loop between a human
user and an interface (p. 8).

Figure 1 Model of Human-Computer Interaction

After observation and formulation of intended action, the user is able to translate their
command into an input that the computer can process or understand (Stankovic &
Stanislav, 2015). The computer then alters the virtual environment and sends artificial
sensory stimuli to the user via the interface (Stankovic & Stanislav, 2015). This
traditional model of Human-Computer Interaction is illustrated in Figure 1.
This continuous feedback loop is thus both based and reliant on communication
between a human user and some kind of computing device (Sherman & Craig, 2018). The
Interaction Model of Communication is a simple paradigm that offers a basic
understanding of the components included in this process (The Communication Process,
2016). For one, it describes the required continuous feedback loop that involves at least
two “participants,” which in this case are the human user and the virtual environment,
that interact by sending and receiving messages (The Communication Process, 2016)
(Sherman & Craig, 2018). Most importantly, this model acknowledges the physical,
environmental and psychological contexts that influence communication and interaction
(The Communication Process, 2016). This is illustrated in Figure 2. While the Interaction
Model of Communication offers a simple paradigm for understanding virtual reality as a
communication technology, it fails to explain or predict consequences of immersive
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human-computer interaction. The
Embodied Cognition
Framework, which parallels and
expands upon some of the core
tenets of the Interactive Model of
Communication, offers a more
elaborate framework for
exploring the complexity of

Figure 2 Interaction Model of Communication

immersive Human-Computer Interaction and its influence on virtual reality experiences.
The Embodied Cognition Framework departs from traditional views of
cognitivism, arguing that cognition is not centralized or wholly dependent on internal
processes—that is, the reception, organization and retrieval of information is not a result
of mental processes alone (Foglia & Wilson, 2013) (Loeffler, Raab, & Canal Bruland,
2016). Cognition is instead embodied or deeply connected to the subjective experience of
the human body and its interaction with the world (Foglia & Wilson, 2013) (Loeffler,
Raab, & Canal Bruland, 2016) (Wilson, 2002). In this view, cognition, the body and reallife context are not
individualized or separately
operating entities (Foglia &
Wilson, 2013). Instead, “the
body intrinsically constrains,
regulates, and shapes the
Figure 3 Embodied Cognition Framework

nature of mental activity” by

4
way of modality-specific systems that influence perception and action (Foglia & Wilson,
2013, p. 319). This is illustrated in Figure 3. Thus, many conceptual processes, including
learning and memory, are influenced by bodily senses and states (Loeffler, Raab, &
Canal Bruland, 2016) (Weigmann, 2012). Loeffler et al. (2016) proposes that these
processes are likely impacted differently across the human lifespan (p. 3). For example,
embodied cognition effects driven by reactivated associations2 are more strongly linked
to aging populations whereas effects driven by new associations are more common in
children (Loeffler, Raab, & Canal Bruland, 2016).
Ultimately, embodied cognition is a widely popular, yet hotly debated, theoretical
framework for understanding human information processing. Despite differing
perspectives and approaches to studying embodied cognition, there is a general consensus
that cognition is predicated on the stimulation of motor-action neural circuits during
bodily interactions with an environment (Loeffler, Raab, & Canal Bruland, 2016) (van
der Schaaf, Bakker, & ten Cate, 2019). These prerequisites for cognition—motor action
and sensory perception—
further validate the idea that
physical, environmental and
psychological contexts
influence communication and
interaction. They also suggest
Figure 4 Conceptual model of embodied cognition in immersive
virtual reality

2

Associations refer to the “connections between conceptual entities or sensorimotor/cognitive states that
derive from a similarity between those states or their proximity in space or time.” Sensorimotor changes
can create new associations or reactivate previously formed associations (Loeffler, Raab, & Canal Bruland,
2016, p. 2).
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the possibility of an engineered cognition by way of immersive virtual environments that
are capable of delivering highly sophisticated artificial stimuli that arouse the senses and
encourage movement. This is illustrated in Figure 4. This ultimately means that the
interactive communication process that underlies immersive virtual reality is also wellsituated to influence learning, memory and attention processes through embodied means.
Therefore, in the context of this study, embodied cognition refers to the ways in which
the mind can be influenced by the states and perceived states of the physical body in a
virtual environment. Though largely theoretical, this pilot study explores the reciprocal
ways motor action and sensory perception can influence the mind-body experience and
how this experience can influence future mental states and actions, including how these
actions are functionally carried out.
So what allows interaction and cognition in a virtual world? Perceived
affordances—what a virtual environment is able to do—is arguably a good starting place
(Sherman & Craig, 2018). Several types of affordances can coexist in virtual reality
(Sherman & Craig, 2018). False affordances—or perceived affordances that do not
exist—are commonly used in virtual reality in order to deliberately fool the perception of
users into thinking that a virtual world is more or less real (Sherman & Craig, 2018). For
example, a simulated wall may only exist to confine movement, meaning it does not do
anything but merely define the borders of play. Alternatively, perceived affordances that
are not false are reinforced through feedback, which is “the system’s response to the
actions of the user.” (Sherman & Craig, 2018, p. 116). For example, if a user encounters a
glowing doorknob on a virtual door, the user may perceive that the object affords the
possibility of being opened. Sure enough, the user grabs the doorknob and it turns with
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their hand movement. Once turned like a conventional doorknob, the computer will
simulate the door opening with the sound of a creak. This exemplifies a perceived
affordance that is both interactive and multisensory. Ultimately, in the context of virtual
reality, these affordances and false affordances are reinforced and sustained by three
distinct characteristics of the technology—interactive, multisensory and immersive
(Sherman & Craig, 2018) (Slater & Wilbur, 1997) (Stankovic & Stanislav, 2015).
Virtual Reality and Beat Saber
The ability to engineer highly sophisticated sensoriperceptual experiences is
largely distinct to virtual reality. Unlike similar technologies, virtual reality can be
intentionally designed to direct and detract focus on certain stimuli and bodily sensations,
such as pain or discomfort. These engineered experiences are likely to encourage actions
and sensations in a way that embodies the cognition of the user in both virtual and
physical spaces, potentially leading to improved learning and memory outcomes
(Lindgren & Johnson-Glenberg, 2013) (Loeffler, Raab, & Canal Bruland, 2016) (Repetto,
Serino, Macedonia, & Riva, 2016) (Weigmann, 2012). The combined interactive,
multisensory and immersive features of virtual reality is what makes this experience and
its benefits possible.
Interactivity. Interactivity can take on different forms or levels (Bejot, 2015)
(Stankovic & Stanislav, 2015). At the most basic level, users can use their gaze to interact
with a virtual environment (Bejot, 2015). This type of interaction is common in mobile
virtual reality experiences, which tend to have limited computing power (Bejot, 2015).
Gaze interaction is typically limited to three degrees of freedom, meaning that only
rotational movement is tracked (i.e. pitch, yaw and roll) (Stankovic & Stanislav, 2015).
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Alternatively, it is common for device-assisted interaction to involve six degrees of
freedom, which allows users to move in a three-dimensional space (Stankovic &
Stanislav, 2015). This type of interaction requires the use of devices equipped with
sensors that track movement in space and time (Stankovic & Stanislav, 2015). Headmounted displays, hand controllers and infrared cameras are some of the devices that
allow this type of interaction to occur. Importantly, some of these devices can generate
haptic responses as a result of interaction with virtual stimuli. According to Slater &
Wilbur (1997), interactivity also refers to a “matching” phenomenon where there is a
“minimal lag between motor actions and the corresponding system responses.” (para. 14)
In modern terminology, this is a reference to latency, an important component of
interactivity that refers to the time delay between actual user movement and
environmental change (Sherman & Craig, 2018) (Stankovic & Stanislav, 2015).
Obviously, interactivity requires low latency in order to be effective, especially when
multiple senses are stimulated by a virtual environment.
Multisensory. Multisensory feedback is another unique characteristic of virtual
reality (Cooper et al., 2018). It allows human users to individually and collectively
experience visual, auditory and haptic responses in a virtual environment (Cooper et al.,
2018) (Sherman & Craig, 2018) (Stankovic & Stanislav, 2015). Although information
about a virtual environment is mostly acquired visually, auditory and haptic feedback can
improve virtual reality experiences, especially when in synchronous combination (Cooper
et al., 2018). Cooper et al. (2018) identifies two types of haptic feedback: force feedback
and vibrotactile feedback (p. 3). Force feedback generates force to a specific point of the
body in order to convey information to the user (Cooper et al., 2018). Alternatively,
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vibrotactile is a more simplified version of haptic feedback that generates distinct
vibrations (Cooper et al., 2018). Ultimately, sensory feedback encourages users to learn
more about their actions and goals as well as their virtual environment, including its rules
and limitations (Sherman & Craig, 2018). These responses can be coded or designed as
“positive” or “negative” in order to teach or reinforce certain behaviors in a virtual
environment (Cameirão, Faria, Paulino, Alves, & Bermúdez I Badia, 2016). If designed
well, multisensory feedback can improve task performance, user satisfaction and reduce
cognitive load. (Cooper et al., 2018). It can also heighten a user’s sense of immersion.
Immersive. Immersion is a description of a technology and its capabilities.
According to Slater & Wilbur (1997), immersion “describes the extent to which the
computer displays are capable of delivering an inclusive, extensive, surrounding and
vivid illusion of reality to the senses of a human participant.” (para. 9) They define these
characteristics, stating that inclusivity refers to the degree to which physical reality is shut
out; extensivity refers to the accommodated sensory modalities; surrounding is concerned
with field-of-view; and vividness is “the richness, information content, resolution, and
quality of displays” and their multisensory components (Slater & Wilbur, 1997). Simply
put, immersion is the perception of being in an environment (Sherman & Craig, 2018).
These environments are simulated or developed by multimodal artificial stimuli
(Stankovic & Stanislav, 2015). Although certain virtual reality technologies are more
immersive than others, immersive virtual reality perceptually surrounds a human user
(Blascovich et al., 2002) (Slater, 2018). In this way, immersion is an objective property
of a virtual environment, one that can enhance presence or the psychological state where
a user believes they are a part of a simulated environment (Slater, 2018).
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Bodily Experiences. The combined characteristics of virtual reality can alter how
we experience reality and even how we experience our own bodies, making the
technology beneficial for certain forms of physical activity and exercise (Matsangido et
al., 2019). This is especially the case for populations who are frequently deterred from
activity due to physical impairments and mental barriers (i.e. depression or clinical
apathy). It also has the potential to encourage those who simply do not like to exercise or
engage in physical activity (Baños et al., 2016) (Dębska, Polechoński, Mynarski, &
Polechoński, 2019) (Matsangido et al., 2019).
Prior research has found that virtual reality may be an effective method of
reducing feelings of pain and effort (Baños et al., 2016) (Dębska, Polechoński, Mynarski,
& Polechoński, 2019) (Matsangido et al., 2019). For example, Matsangido et al. (2019)
found that the perception of pain intensity and perceived exertion decreased during
isometric exercise in immersive virtual reality. (Matsangido et al., 2019, p. 221). This
result was compared to a control group that engaged in a similar exercise outside of
virtual reality (Matsangido et al., 2019). The researchers suggest that these results are
consistent with previous research that found virtual reality enhanced psychological
methods of pain distraction. As Wiederhold & Wiederhold (2007) determined in an
analysis of virtual reality pain management interventions, this technology has been
historically successful in distracting numerous types of patients from pain, including
those experiencing discomforts associated with dentistry, oncology care and
physiotherapy (p. S187). Importantly, this survey found that these virtual reality
interventions were most effective when they were highly immersive, suggesting that
immersive environments require higher levels of user attention, meaning there is little

10
attention remaining to focus on other things, including pain or discomfort (Wiederhold &
Wiederhold, 2007). This has an obvious advantage over some traditional methods of pain
management, such as meditation and mental imagery, especially for patients who are
unable to effectively engage in these types of mental or otherwise internally focused
interventions (Matsangido et al., 2019).
Matsangido et al. (2019) also attribute the technology’s success in reducing
perceived pain intensity and exertion to the simultaneous sensory signals that direct an
individual’s attention away from pain (p. 222). The rationale for this suggestion is that
virtual reality provides the user a multitude of information through various senses or
modalities, somewhat preventing the user from accessing certain experiences of their own
body (Matsangido et al., 2019). They further argue that this is especially true when the
level of immersion is high, because this combination causes “a state of consciousness in
which the user’s responsiveness to its own physical self-diminishes” due to high level of
involvement in a virtual world (Matsangido et al., 2019, p. 222). The researchers extend
their explanation by suggesting that reductions in pain and perceived exertion is also
potentially a result of embodiment or the phenomenon where virtual body parts are
adopted as one’s own (Matsangido et al., 2019). This is largely achieved only when
immersion is high and multiple senses are involved.
A collection of studies has also determined that immersive virtual reality is
uniquely capable of activating individuals who avoid physical activity due to various
ailments or dysfunctions (Baños et al., 2016) (Dębska, Polechoński, Mynarski, &
Polechoński, 2019) (Matsangido et al., 2019). Virtual reality can interrupt perceptions of
time, meaning that the technology not only encourages activity, it can also encourage
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activity for longer periods (Baños et al., 2016) (Dębska, Polechoński, Mynarski, &
Polechoński, 2019) (Matsangido et al., 2019). It can also encourage certain types of
movements and even improve movement initiation and calibration among those with
motor deficits, making virtual reality a potentially exceptional tool for physical therapy
and neurorehabilitation (Adamovich, Fluet, Tunik, & Merians, 2009) (Kim, Darakjian, &
Finley, 2017) (Mirelman, Maidan, & Deutsche, 2013) (Mirelman et al., 2011) (PalaciosNavarro, Albiol-Pérez, & García-Magariño García, 2016).
Virtual reality has been used to manage phantom limb pain, rehabilitate stroke
patients and treat gait disturbances in the Parkinson’s Disease population (Adamovich,
Fluet, Tunik, & Merians, 2009) (Kim, Darakjian, & Finley, 2017) (Cameirão, Faria,
Paulino, Alves, & Bermúdez I Badia, 2016) (Mirelman, Maidan, & Deutsche, 2013)
(Osumi et al., 2019) (Palacios-Navarro, Albiol-Pérez, & García-Magariño García, 2016).
This variety in usage is due, in large part, to the ability to design and use multisensory
virtual reality motor cues (Perez, Gil-Gomez, Alcaniz, & Lozano, 2009). These cues are
“mechanisms in a virtual environment designed with the specific purpose of inducing the
user to perform a specific motor activity.” (Palacios-Navarro, Albiol-Pérez, & GarcíaMagariño García, 2016, p. 50) They are distinguished from other stimuli in that they
provide information on how an action should be carried out (Palacios-Navarro, AlbiolPérez, & García-Magariño García, 2016). There are a variety of cues, but they are
primarily visual, auditory or somatosensory (Palacios-Navarro, Albiol-Pérez, & GarcíaMagariño García, 2016) (Perez, Gil-Gomez, Alcaniz, & Lozano, 2009). Unlike most
conventional motor cues, such as training cones or vocal counting, virtual reality motor
cues are interactive and more controllable (Palacios-Navarro, Albiol-Pérez, & García-
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Magariño García, 2016). They can also increase the utility and effectiveness of traditional
game performance feedback, such as game scores and rankings. Likewise, these
interactive and multisensory cues are likely to heighten a user’s sense of presence,
especially when this interaction and feedback occur in an immersive environment.
Importantly, heightened presence is associated with increased performance, learning and
enjoyment (Baños et al., 2016) (Bond, Laddu, Ozemek, Lavie, & Arena, 2019)
(Matsangido et al., 2019) (Moholdt, Weie, Chorianopoulos, Wang, & Hagen, 2017)
(Monedero, Lyons, & O’Gorman, 2015) (Zeng, Pope, & Gao, 2017).
These virtual reality motor cues are a category of vivid cues or stimuli used for
“cueing” movement. Vivid cues have long been incorporated in physical therapy and
neurorehabilitation, especially for the management of Parkinson’s Disease. Cueing
involves temporal and spatial stimuli that facilitate the initiation and continuation of
movement (Palacios-Navarro, Albiol-Pérez, & García-Magariño García, 2016). There is
substantial evidence that cues can temporarily cause dramatic improvements in
Parkinson’s Disease motor symptoms, especially in terms of gross motor movements and
functional gait performance (Palacios-Navarro, Albiol-Pérez, & García-Magariño García,
2016) (Sarma, Cheng, Eden, Williams, Brown, & Eskandar, 2012). The details for why
cueing is effective in this population is largely theoretical, but it is generally thought that
cueing creates an alternative pathway for movement initiation via the premotor cortex
(Sarma, Cheng, Eden, Williams, Brown, & Eskandar, 2012). Specifically, researchers
suggest that increased activation of the premotor cortex suppresses activity in the
subthalamic nucleus through direct pathways (Sarma, Cheng, Eden, Williams, Brown, &
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Eskandar, 2012). This leads to improved motor facilitation among those with Parkinson’s
Disease (Sarma, Cheng, Eden, Williams, Brown, & Eskandar, 2012).
Praamstra et al. (1998) found that external motor cues in video games have a
stronger and quicker activation in the Parkinson’s Disease population when compared to
healthy controls, indicating a potential compensatory neural mechanism for movement (p.
168, 177). It is now well-acknowledged in literature that the Parkinson’s Disease
population particularly benefits from virtual reality motor cues, especially when used as a
tool to promote motor initiation and function (Herz, Mehta, Sethi, Jackson, Hall, &
Morgan, 2013) (Palacios-Navarro, Albiol-Pérez, & García-Magariño García, 2016)
(Praamstra, Stegeman, Cools, & Horstink, 1998) (Sarma, Cheng, Eden, Williams, Brown,
& Eskandar, 2012). Furthermore, video games also offer an important, complementary
benefit—that is, playing video games may also lead to increased levels of dopamine in
the nigrostriatal pathway, the dopaminergic pathway that is damaged by Parkinson’s
Disease (Herz, Mehta, Sethi, Jackson, Hall, & Morgan, 2013).
Beat Saber. A physically active, rhythm-based virtual reality game, Beat Saber
offers a novel immersive experience that requires players to make big arm movements in
order to “strike” or “cut” moving boxes. Players also occasionally move their lower body
to get out of the way of moving obstacles. These obstacles, like other challenging game
features, can be “turned off” in order to accommodate the ability of the player. The
ability to customize the experience and difficulty makes the game more accessible and
provides a breadth of opportunity to populations outside the typical video game
consumer, including those with Parkinson’s Disease.
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Beat Saber is purposely
designed to give players auditory,
visual and haptic cues that encourage
high-amplitude arm movements,
meaning that the game incorporates
repetitive, synchronous virtual

Figure 5 Visualization of Beat Saber (PlayStation Europe, 2018)

reality motor cues that appear rhythmically to the beat of a song. An example of this
experience is visualized in Figure 5.
Given the emphasis on large or exaggerated arm movements, it is important to
consider the impact these types of movements may have on balance and stability. It is
also important to consider the ways Parkinson’s Disease may specifically influence an
immersive virtual reality experience, including how it affects balance and whether or not
the experience causes virtual reality sickness. Although no previous study identified
Parkinson’s Disease-specific issues, I propose the following research question as it relates
to feasibility:
RQ1: How is Safe Play of Beat Saber impacted by Parkinson’s Disease?

Because there are no established measures to assess Safe Play, this construct will be
assessed qualitatively. Researcher field notes as well as open-ended responses from study
participants will be used to qualitatively assess Safe Play. Specifically, falls and virtual
reality sickness will be recorded by the researcher.
Importantly, like many virtual reality experiences, Beat Saber provides immediate
and post-game feedback that reinforces certain positive movements through multisensory
cues. For example, if a player “strikes” a moving block, they will see the block disappear
with a synchronized sound and feel a “positive” strike from the game controller.
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Alternatively, if a player does not “strike” a moving block, the block will not disappear
and will send the player negative auditory and haptic feedback. In addition to counting
“strikes” and “misses,” Beat Saber calculates game scores based on swing angle and
where the box is cut, requiring a high-amplitude swing that can accurately strike the
center of each box (Hayden, 2019). These game scores are computed at scale according
to speed and difficulty of play (Hayden, 2019).
Given the physical demands of Beat Saber, including the required high-amplitude
arm movements, accuracy and coordination, it is worthwhile to examine Game
Performance. Specifically, it is important to determine if individuals with Parkinson’s
Disease can achieve the movements necessary for successful play as well as improve
their high game scores after numerous game sessions. This is an important consideration
since Game Performance is an important antecedent to “flow,” a phenomenon that is
deeply related to Game Enjoyment (Jin, 2012). Although flow will be introduced and
discussed at length later on in this review of literature, this study aims to explore the
following research question as it relates to feasibility:
RQ2: To what extent can individuals with Parkinson’s Disease improve their Beat
Saber Game Performance?

High game scores will be recorded and assessed for change over the course of four study
sessions. Because higher game scores occur as a result of arm swings that achieve higher
amplitude, arm swing magnitude will be collected throughout each game session and
assessed for change. This is a particularly significant measure for assessing how Beat
Saber impacts individuals with Parkinson’s Disease since reduced arm swing is often an
early indicator of the disease and is thus common among individuals diagnosed with the
illness (Huang et al., 2012).
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Parkinson’s Disease
Idiopathic Parkinson’s Disease is a result of diminished dopamine in the brain
(Kalia & Lang, 2015). Dopamine is a key neurotransmitter that is largely produced in a
part of the midbrain called the substantia nigra (Andreatta, 2018). The substantia nigra is
divided into two regions within the basal ganglia: the substantia nigra pars compacta
(SNc) and the substantia nigra pars reticulata (SNr) (Andreatta, 2018). While the SNr is
responsible for producing the inhibitory transmitter GABA, the SNc is the main producer
of dopamine in the brain
(Andreatta, 2018). Dopamine
is sent from the SNc to the
dorsal striatum via the
dopaminergic nigrostriatal
pathway. This transmission is
ultimately responsible for
initiating and calibrating

Figure 6 Dopamine pathways in healthy brain and brain with parkinsonism

motor movement (Andreatta, 2018) (Klaus, Alves da Silva, & Costa, 2019).
In Parkinson’s Disease, there is an early prominent death of dopaminergic
neurons in the SNc that leads to insufficient levels of dopamine in the nigrostriatal
pathway, and by and large, the basal ganglia (Kalia & Lang, 2015). While there is
ultimately neuronal loss in other regions of the brain, it is the loss of dopaminergic
neurons in the SNc and basal ganglia that primarily contribute to disordered movements
typical of Parkinson’s Disease (Kalia & Land, 2015). This process is visualized in an
illustration in Figure 6.
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The role of dopamine is vast and complex. According to Klaus et al. (2019),
dopamine neurons are located in nine distinctive regions of the brain. In addition to its
involvement in motor movement, reward reinforcement, mood and attention, dopamine is
also critical to goal-directed and habitual learning (Greenwood, 2019). This means that
motor initiation or the “selection, timing and invigoration of upcoming movements” is
deeply impacted by Parkinson’s Disease (Klaus, Alves da Silva, & Costa, 2019).
Ultimately, the motor and non-motor symptoms of Parkinson’s Disease are a result of
diminished dopamine in the basal ganglia and other areas of the brain (Andreatta, 2018)
(Kalia & Lang, 2015) (Klaus, Alves da Silva, & Costa, 2019).
Medical literature agrees that exercise and physical activity greatly benefit the
Parkinson’s Disease population in particular (LaHue, Comella, & Tanner, 2016) (Reich
& Savitt, 2019) (Sharp & Hewitt, 2014) (Wu, Lee, & Huang, 2017). There is significant
evidence that exercise can stimulate dopamine synthesis in remaining dopaminergic
neurons, an outcome that improves Parkinson’s Disease symptoms (Goodwin, Richards,
Taylor, Taylor, & Campbell, 2008) (Sharp & Hewitt, 2014). Researchers have also
determined that exercise and physical activity offer neuroprotective benefits that help
prevent, delay and even reverse functional decline by way of neuroplasticity (Goodwin,
Richards, Taylor, Taylor, & Campbell, 2008) (Sharp & Hewitt, 2014). Ultimately,
exercise and physical activity temporarily replenishes dopamine in the brain and may
cause the brain to repair itself (Goodwin, Richards, Taylor, Taylor, & Campbell, 2008)
(Sharp & Hewitt, 2014). Intriguingly, these benefits may be potentially amplified when
incorporating music and rhythm.
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Neurological Music Therapy and Dance Therapy
For over forty years, researchers have known that acoustic stimuli can enhance
the connection between rhythmical auditory perception and motor behavior (Nombela,
Hughes, Owen, & Grahn, 2013). For this reason, music rehabilitation programs have
been widely used and accepted as an appropriate form of therapy for Parkinson’s Disease
(Nombela, Hughes, Owen, & Grahn, 2013). In addition to enhancing these neural-motor
connections, these programs aim to “elicit sustained functional changes” in order to
improve patient quality of life and reduce reliance on medication (Nombela, Hughes,
Owen, & Grahn, 2013).
Music rehabilitation programs—known as Neurological Music Therapies—can be
particularly successful in improving gait dysfunctions associated with Parkinson’s
Disease (Nombela, Hughes, Owen, & Grahn, 2013). This is important considering that
pharmacological therapies currently cannot solve gait-specific issues in the long term
(Nombela, Hughes, Owen, & Grahn, 2013). While it is true that visual and auditory cues
can improve Parkinson’s Disease-related gait dysfunctions, Nombela et al. (2013) argues
that the human auditory system is the best therapeutic target for two distinct reasons: “(i)
reaction times for auditory cues are 20-50 ms shorter than for visual or tactile cues” and
“(ii) the auditory system has a strong bias to detect temporal patterns of periodicity and
structure, compared to other sensory systems.” (p. 2565) Ultimately, combining the
temporal sensitivity of the auditory system with the characteristics of music will likely
regularize temporal inputs being sent to the motor system, allowing motor function to
improve or come closer to normalization—especially when it comes to movement
initiation and calibration (Nombela, Hughes, Owen, & Grahn, 2013).
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It is most often the case that Neurological Music Therapies utilize a strong “beat”
or series of reoccurring acoustic events in order to initiate movement (Nombela, Hughes,
Owen, & Grahn, 2013). These events can range from a simple metronome to a complex
piece of music (Nombela, Hughes, Owen, & Grahn, 2013). A mental pattern of these
events can eventually be established, permitting the listener to hear and feel the rhythm
without an external auditory stimulus (Nombela, Hughes, Owen, & Grahn, 2013).
Entrainment is the underlying phenomenon that allows music to facilitate
movement (Nombela, Hughes, Owen, & Grahn, 2013). It occurs when body movements,
brain activity or other psychological phenomena temporally synchronize to the period or
rhythm of another process (Madison, Ullén, & Merker, 2017). This means that
entrainment is inherently predictive or based on predictions from psychological models
of structured external events (Madison, Ullén, & Merker, 2017). Dance or the possibility
of dancing makes this predictive trait evident as it requires perception and anticipation of
a rhythm (Madison, Ullén, & Merker, 2017). Intriguingly, entrainment is regarded as a
universally human characteristic with research indicating that infants and young children
can recognize and experience pleasure from entrainment, meaning this phenomenon
occurs over most, if not all of, the human lifespan (Almeida, Overy, & Miell, 2017).
Several neuroimaging studies have shown that human rhythm processing causes
increased coupling of neural activity between the auditory system and the premotor
cortex, even when subjects were pre-attentive (Nombela, Hughes, Owen, & Grahn,
2013). Critically, areas of the brain that subserve movement—the premotor cortex,
supplementary motor area (SMA), cerebellum and basal ganglia—are involved in rhythm
processing (Nombela, Hughes, Owen, & Grahn, 2013). Importantly, the sensory-motor
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coupling that allows auditory stimulus to drive motor action seems to be functional in
neurodegenerative diseases like Parkinson’s Disease (Nombela, Hughes, Owen, & Grahn,
2013).
Neurological motor therapies aim to strengthen alternative pathways that are
based on existing connections (Nombela, Hughes, Owen & Grahn, 2013). In the same
sense, Parkinson’s Disease motor rehabilitation aims to achieve compensatory
mechanisms in order to improve and overcome impaired motor loops (Nombela, Hughes,
Owen, & Grahn, 2013). Improvement of motor skills is thus the overall goal of
neurological motor therapies, including Neurological Music Therapy (Bukowska,
Krężałek, Mirek, Bujas, & Marchewka, 2016) (Nombela, Hughes, Owen & Grahn, 2013).
Bukowska et al. (2016) identify three sensorimotor techniques or principles that are used
in Neurological Music Therapy in order to accomplish this goal: Rhythmic Auditory
Stimulation, Patterned Sensory Enhancement and Therapeutic Instrumental Music
Performance (p. 2). The development and maintenance of rhythmic auditory cues refers
to Rhythmic Auditory Stimulation, and it is a technique that is known to be especially
effective in gait rehabilitation for Parkinson’s Disease patients (Bukowska, Krężałek,
Mirek, Bujas, & Marchewka, 2016). Neurological Music Therapy is also concerned with
applicability of rehabilitation to activities of daily living, which is why Patterned Sensory
Enhancement is another integral component of Neurological Music Therapy. Complex
music elements, such as pitch, dynamics, harmony, meter and rhythm are used to
“enhance and organize movement patterns in time and space.” (Bukowska, Krężałek,
Mirek, Bujas, & Marchewka, 2016, p. 2) By doing so, Pattern Sensory Enhancement
attempts to positively impact a certain activity by affecting muscle coordination, strength,
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balance, postural control and range of motion (Bukowska, Krężałek, Mirek, Bujas, &
Marchewka, 2016). Lastly, Neurological Music Therapy incorporates Therapeutic
Instrumental Music Performance, meaning music instruments are used in order to
facilitate functional movements through task orientation (Bukowska, Krężałek, Mirek,
Bujas, & Marchewka, 2016). For example, percussion instruments, whether played in a
traditional or non-traditional way, are commonly used in order to improve range of
motion, limb coordination, postural control, dexterity, body perception and sensation.
Neurological Music Therapy is closely affiliated with Dance Therapy, which
often incorporates music in order to facilitate and calibrate movement (Batson,
Hugenschmidt, & Soriano, 2016) (Earhart, 2009) (Michels, Dubaz, Hornthal, & Bega,
2018). According to Batson, Hugenschmidt & Soriano (2016), dance “is a form of
exercise where a series of planned movements are choreographed and practiced to
achieve mastery.” (Batson, Hugenschmidt, & Soriano, 2016, p. 2). Unlike traditional
dance, Dance Therapy is concerned with the biopsychosocial development of the
participant—this is in addition to the aesthetical, educational and recreational tenets of
regular dance instruction (Batson, Hugenschmidt, & Soriano, 2016) (Michels, Dubaz,
Hornthal, & Bega, 2018). In addition to incorporating audio cues to encourage rhythmic
motor activation, Dance Therapy also encourages participants to learn specific
movements and movement strategies that are relevant to disease-specific motor
dysfunctions (Earhart, 2009). For example, participants may be asked to walk backwards
or shift their weight in a highly specific manner, one that likely compensates for impaired
movements (Earhart, 2009). This alludes to another principle of Dance Therapy, which is
the incorporation of balance exercises (Earhart, 2009). These functional emphases are
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typically complemented through group learning, which contributes to improvements in
gait performance, balance and quality of life measures (Batson, Hugenschmidt, &
Soriano, 2016) (Earhart, 2009) (Michels, Dubaz, Hornthal, & Bega, 2018). Importantly,
Dance Therapy, especially in combination with Neurological Music Therapy, is also
known to be highly enjoyable (Batson, Hugenschmidt, & Soriano, 2016) (Earhart, 2009)
(Michels, Dubaz, Hornthal, & Bega, 2018).
The principles that frame Neurological Music Therapy and Dance Therapy
inherently exist in Beat Saber’s game design. Although unlikely the intention of Beat
Saber’s developers, the game incorporates Rhythmic Auditory Stimulation, Patterned
Sensory Enhancement and, in some ways, Therapeutic Instrumental Music Performance.
The intentionally choreographed songs and levels also allude to the tenets of Dance
Therapy with specific movements and movement strategies being emphasized by a
scoring system that rewards fast arm swings that achieve high amplitude strikes and
follow-throughs. An outcome of this emphasis is an additional focus on balance and
stability.
The Rhythmic Auditory Stimulation is almost immediately evident to players.
The boxes appear in a synchronized way, allowing users to coordinate their movements
to the beat of a song. The game is repetitive, requiring numerous, big arm swings that are
not dissimilar to the focus of certain LSVT Big Exercises (Janssens, Malfroid, Nyffeler,
Bohlhalter, & Vanbellingen, 2014) (LSVT BIG Treatment, n.d.). These movements are a
form of Patterned Sensory Enhancement in that the exaggeration of arm swing is an
accepted way of normalizing arm swing during walking, an important functional
component that aids in managing balance, stability and fall risk (Huang et al., 2012)
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(Janssens, Malfroid, Nyffeler, Bohlhalter, & Vanbellingen, 2014). In this way, Beat
Saber involves motor activity that is significant to daily living. Although there are no
physical instruments in Beat Saber, the virtual sabers used for striking the boxes take on a
drumstick-like quality, making the boxes themselves a unique kind of drum that provides
haptic feedback in the form of rhythmic vibrations. This dual percussion and rhythm
action focus, in some ways, align with the third principle of Neurological Music
Therapy—Therapeutic Instrumental Music Performance. Because of the distinct parallels
between Beat Saber and these two therapies, it is likely that Beat Saber will improve
certain motor symptoms of Parkinson’s Disease. Therefore, the following research
question will also be important in examining how Beat Saber affects Symptomatology
and thus, acceptability of the intervention:
RQ3: To what extent does Beat Saber improve motor symptoms associated with
Parkinson’s Disease?

Because arm movements are hyper-emphasized by Beat Saber, arm swing magnitude will
be measured and calculated in order to assess change. This measure is especially relevant
to Parkinson’s Disease since slowed movement and diminished arm swing are common
and early signs of Parkinson’s Disease (Huang et al., 2012). Ultimately, these
measurements will provide insight into whether or not Beat Saber is an acceptable
intervention for the management of Parkinson’s Disease symptoms.
Like both Neurological Music Therapy and Dance Therapy, there is a high
probability that Beat Saber will produce enjoyment. The term “enjoyment” is most often
used by communication researchers to describe and explain positive reactions to media
and its contents (Fang, Chan, Brzezinski, & Nair, 2010). As a result, it is typical to
describe and explain positive video game experiences as “enjoyable.” (Fang, Chan,
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Brzezinski, & Nair, 2010) Jang and Park (2019) supplement this definition, stating that
perceived enjoyment is “the extent to which the activity of using a specific system is
perceived to be enjoyable in its own right, aside from any performance consequences
resulting from system use.” (p. 3)
Some research studies, including this one, attribute perceived enjoyment to a
“flow” process (Fang, Chan, Brzezinski, & Nair, 2010). According to Jackson and Marsh
(1996), a flow state is described as a condition where “a person becomes totally involved
in an activity and experiences a number of positive experiential characteristics, including
freedom from self-consciousness and great enjoyment of the process.” (p. 18) This is
conceptually related to presence or the psychological state where a user feels lost or
immersed in a mediated environment (Tussyadiah, Wang, Jung, Tom Dieck, 2018). The
state of flow is intrinsically enjoyable and involves consciousness “whereby the person
experiences clarity of goals and knowledge of performance, complete concentration,
feelings of control, and feelings of being totally in tune with the performance.” (Jackson
and Marsh, 1996)
Hoffman and Novak (1996) offer another model of flow that is specific to
computer-mediated environments. This model involves elements of enjoyment, including
positive affect, exploratory behaviors and challenge/arousal (Fang, Chan, Brzezinski, &
Nair, 2010). More specifically, they argued that flow has eight elements: concentration,
challenge, skills, control, clear goals, feedback, immersion and social interaction
(Hoffman and Novak, 1996).
Csikszentmihalyi (2014), the original architect of the concept of flow, states that
the flow experience begins where there is a fit or balance between “skills of the self” and
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challenges afforded by the environment. Because of this relationship, aversive
phenomenological states can result from disequilibrium (Csikszentmihalyi, 2014). For
example, anxiety can occur when challenges are too high relative to skills, leading
individuals to feel overwhelmed, out of control and threatened by loss of integrity and
order (Csikszentmihalyi, 2014). Alternatively, boredom can occur when the fit between
skills and environment is too easy and comfortable (Csikszentmihalyi, 2014).
Because Beat Saber requires relatively fast, highly coordinated movements, it is
important to examine whether or not individuals with Parkinson’s Disease can experience
this balance of skill and challenge. Therefore, it is also critical to measure Game
Enjoyment in order to examine the acceptability of the intervention:
RQ4: To what extent do individuals with Parkinson’s Disease experience Game
Enjoyment from Beat Saber?

Three factors from the Flow State Scale, autotelic experience, loss of self-consciousness
and sense of control, will be quantitively measured in order to assess whether or not Beat
Saber is an enjoyable game for the Parkinson’s Disease population. This modified Flow
State Scale, which includes 12-items, will be supplemented with exploratory researcherdesigned Game Enjoyment questions.
Summary
In this review of literature, I discussed how several models and frameworks of
communication and cognition can be combined to formulate a conceptual model of
Embodied Cognition that can be used to explore the communicative and neurological
processes that occur as a result of experiences in immersive virtual reality. I also
discussed the affordances, features and implications of virtual reality. In this section, I
argued that the combined interactive, multisensory and immersive characteristics of
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virtual reality distinguish the technology as a tool that is uniquely capable of creating
highly engineered experiences that (1) can facilitate and calibrate movement, (2) arouse
the senses and (3) intentionally emphasize certain stimuli or bodily experiences while
also intentionally deemphasizing others. Beat Saber, a rhythm-based virtual reality game
and the intervention for this study, was also described. I later connected the description of
this game design to the core principles of Neurological Music Therapy and Dance
Therapy, arguing that Beat Saber is a novel form of both therapies that should produce
similar outcomes on Parkinson’s Disease Symptomatology and Game Enjoyment.
Before concluding this review of literature, it is important to note that this pilot
study is also concerned with how virtual reality can support, improve or even fill gaps in
physical therapies and exercise programs that are meant to help manage the symptoms
and progression of Parkinson’s Disease. Therefore, this study does have one additional
research question that pertains to the usability of physically active virtual reality in future
therapeutic interventions:
RQ5: How can immersive virtual reality experiences be designed for the
Parkinson’s Disease population?

Open-ended responses from the participants and researcher observations will therefore be
used to assess the usability of Beat Saber and physically active virtual reality more
broadly.
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Method
Participants
Study participants (n=4) were individuals diagnosed with idiopathic or atypical
Parkinson’s Disease. Participants included 2 females and 2 males between the ages of 62
and 78 years old. The average age of the participants was 70.75 years old (SD=7.97) The
average age of diagnosis was 66.50 years old (SD=9.15). Participants averaged 4.25 years
(SD=2.22) since receiving their Parkinson’s Disease diagnosis. All participants were
Caucasian. The study did not exclude participants due to their pharmacological
intervention or medical device use. All participants disclosed that they were using
Levodopa, a dopamine replacement agent, for the treatment of Parkinson’s Disease. No
participants were using a Deep Brain Stimulation (DBS) device or implant.
One participant disclosed that they had experienced between 1-2 falls in the
month prior to study participation. All other participants disclosed that they did not
experience any falls during this time period. Two participants required assistive canes for
walking. Engagement in physical activity was variable among participants. Rock Steady
Boxing, yoga, walking, cycling and strength training were some of the activities that
participants disclosed that they engaged in.
In order to participate in this study, individuals were required to meet the
following inclusion criteria: (1) have a diagnosis of idiopathic or atypical Parkinson’s
Disease; (2) have the ability to make movements with their arms; (3) have the ability to
grip a controller in each of their hands for at least ten minutes; (4) have the ability to
balance themselves unassisted while seated; and (5) have reliable transportation.
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Consent Forms. All interested participants were given two Institutional Review
Board-approved informed consent forms: one informed consent form for study
participation and one informed consent form for observer participation. This study
permitted a spouse, partner, relative or friend of the participant to observe the study
sessions.
Both forms indicated that (1) the purpose of the study was to investigate how
persons with Parkinson’s Disease responded to playing virtual reality games, (2) the
study was not a treatment study nor was it being conducted by health care providers and
(3) participation was voluntary and terminable at any time without penalty. In order to
mitigate risk, interested participants were also provided a HIPAA-compliant physician
screening tool, which was approved by the Wake Forest University Institutional Review
Board. Participants were not able to partake in study sessions without the signed approval
of their primary care physician or neurologist.
Confidentiality. All participants were assigned a numeric identifier that was used
on all questionnaires and results. The names of participants were temporarily linked to
their unique identifier for approximately one week. Only members of the study team had
access to this paper key document. It was stored in a locked cabinet in a secure office at
Wake Forest University. The key was destroyed after participation was complete.
Sampling. Participants were recruited from a large Parkinson’s Disease support
group in the southeastern United States. All participants from this convenience sample
self-selected into the study. The research took place in the Health and Exercise Science
Lab at Wake Forest University’s Reynolda campus in Winston-Salem, N.C. One flaw
with this sample is that this study mainly attracted individuals who typically engage in

29
physical activity regularly. This is often the case for physical activity studies that use
convenience samples. This study did not depart from this norm.
Materials
Numerous materials and devices were used to assess the feasibility, acceptability
and usability of Beat Saber and physically active virtual reality for the purposes of
managing the symptoms and progression of Parkinson’s Disease.
Game System. The research study used an Oculus Quest, the first untethered or
wireless stand-alone virtual reality gaming system. This system offers six degrees of
freedom, meaning that users are free to move forward and backward, up and down as
well as left and right with the combined ability to rotate on three perpendicular axes (i.e.
pitch, yaw and roll). In other words, the Oculus Quest tracks user movements in threedimensional space. The system uses the patented Guardian System to promote safe play.
The Guardian System allows users to create wall and floor markers in order to define a
boundary of play. Translucent boundary markers are superimposed over a game or
experience when a user gets too close to the edge of their boundary. If a user oversteps
their boundary, they will see their physical surroundings through the headset’s camera.
For the purposes of this study, the Oculus Quest was paired to cast or screen share with a
smartphone, meaning that the game experience was transmitted and viewable to the
researcher via an external device. Casting the Oculus Quest game experience to a mobile
device enabled the researcher to guide the participant through each training session.
Game Stimulus. Beat Saber is an immersive, physically active virtual reality
game that requires players to make big arm movements. These movements guide virtual
lightsabers that are used to strike boxes that appear to the beat of song. These boxes have
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arrows that are meant to direct player arm movement. For example, a box with an arrow
that points downward indicates that the player should swing their arm downward.
Likewise, a box with an arrow that points to the right indicates that the player should
swing their arm to the right. Some boxes do not require specific directional movement.
All boxes and lightsabers are color-coded. The default settings color some boxes and one
lightsaber blue while other boxes and the other lightsaber are colored red. Each song is
highly choreographed with difficulty, meaning that each individual song introduces
different types of challenges. Increased number of boxes, cross swings and obstacles are
some of the ways challenges can be vary in Beat Saber.
Participants in this study did not experience all of the default features of Beat
Saber. Certain features, including no fail, no obstacles, no bombs and for some
participants, slower song, were turned on in order to make the game more playable for
the Parkinson’s Disease population. Debris was also reduced in the player settings in
order to make the visual experience of Beat Saber more manageable for participants. All
participants played the game on easy. The selected music involved songs from
mainstream artists, including Imagine Dragons and Panic at the Disco. See Table 1 to
view the full song list. Duplicate durations and beats per minute reflect differences
between regular and slowed songs.
Table 1 Songs used during intervention
Song
Bad Liar
Thunder
Warrior
Believer
Whatever It Takes
High Hopes
It’s Time
Natural
Radioactive

Artist
Imagine Dragons
Imagine Dragons
Imagine Dragons
Imagine Dragons
Imagine Dragons
Panic at the Disco
Imagine Dragons
Imagine Dragons
Imagine Dragons

Duration
4:12 / 4:50
2:57
2:46
3:22 / 3:52
3:10 / 3:39
3:11
3:53 / 4:28
3:06
3:05

# of Boxes
324
209
233
357
267
204
357
189
261

Beats Per Minute
89 / 75.65
168
166
125 / 106.25
135 / 114.75
82
105 / 89.25
100
136
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Symptomology and Game Performance. Beat Saber offers a robust scoring
system, one that computes scores at scale according to speed and difficulty of play. This
scoring system is undoubtedly complex as it calculates game scores based on pre- and
post-strike swing angle as well as where the box is cut, requiring a full, high-amplitude
swing that can accurately strike the center of each box. Because arm swing is affected by
Parkinson’s Disease, high scores from Beat Saber can thus track changes in
Symptomatology. Therefore, high scores were captured throughout each game session
and were assessed for change. This data was supplemented by continuous measurements
of arm swing magnitude. This data was captured from an Actigraph GT3X+
Accelerometer, which was worn on the dominant wrist of each participant throughout
game play. In sum, changes in Symptomology was assessed by arm swing magnitude and
Game Performance was assessed by high game scores and arm swing magnitude.
Game Enjoyment. Game Enjoyment was measured quantitatively and
qualitatively. A post-game survey used a modified Flow State Scale and additional
exploratory multiple-choice questions to quantitatively measure Game Enjoyment. The
12-item abbreviated Flow State Scale involved a five-point scale (1 = Strongly disagree
and 5 = Strongly Agree). Three factors of flow, autotelic experience, loss of selfconsciousness and sense of control, were included in this measurement. Each factor
included 4-items. Some of the language in these items was slightly modified to focus on
game experience rather than Game Performance. For example, the original item, “I loved
the feeling of the performance and want to capture it again,” was changed to “I loved the
feeling of the game and want to capture it again.”
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Open-ended qualitative responses supplement quantitative measures of Game
Enjoyment. For example, the questions “How did virtual reality make you feel
physically?” and “How did virtual reality make you feel emotionally” were included in
the assessment of Game Enjoyment. Responses to open-ended questions were collected
during Study Visit 1 and Study Visit 4. It is important to note that participants were asked
to respond to additional questions during Study Visit 4. These questions were designed to
explore the usability of Beat Saber.
Safe Play and Usability. Because there are no established safety measures for
Beat Saber, Safe Play was measured qualitatively. Researcher field notes as well as
researcher-designed open-ended responses from study participants were used to assess
the feasibility of Safe Play. Although these open-ended questions were designed to assess
Game Enjoyment and usability, these qualitative components may present additional
insights into whether or not Parkinson’s Disease negatively impacts the Safe Play of Beat
Saber. Known usability questions were slightly modified for this study (Bangor, Kortum,
& Miller, 2008) (Brooke, 1996). These open-ended questions were largely concerned
with identifying physiological responses, challenges and design preferences from the
perspective of the Parkinson’s Disease-specific user experience. See Table 2 to view the
complete list of this study’s open-ended questions.
Table 2 Open-ended questions on post-game questionnaires
Qualitative Questions

Survey

How did virtual reality make you feel physically?

Study Visit 1, Study Visit 4

How did virtual reality make you feel emotionally?

Study Visit 1, Study Visit 4

Challenges can be emotional, physical, and mental. If this session was challenging,
describe the challenges you experienced.

Study Visit 1, Study Visit 4

What did you like about playing Beat Saber?

Study Visit 4

If you could make changes to Beat Saber, what would you add to it?

Study Visit 4
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If you could make changes to Beat Saber, what would you remove from it?

Study Visit 4

What suggestions do you have for improving the design of your virtual reality
experience?

Study Visit 4

Would you use this virtual reality experience on your own in the future? Why/why
not?

Study Visit 4

What type of issues would cause you to discontinue use of this virtual reality
experience in the future?

Study Visit 4

Please use this space to make any other comments about your virtual reality
experience.

Study Visit 4

Procedure
Involvement in this study required four study visits over the course of
approximately one week. Participants were permitted to bring a spouse, partner, relative
or friend to all study visits. Prior to the arrival of participants, the researcher prepared the
lab for the training by clearing any obstacles or objects from the intended gameplay area.
If not already attached to the Oculus Quest, the eyeglasses spacer was put on the headset.
The Oculus Quest was then turned on and the boundary of play was defined. The
researcher then launched Beat Saber and selected “solo” in order to predefine the
gameplay settings. The following features were turned on: no fail, no obstacles and no
bombs. Player settings were also modified to reduce debris from box strikes. The
researcher also selected the easiest difficulty level in order to predefine the level of play.
The Actigraph GT3X+ Accelerometer, having been charged for at least 48 hours, was
configured to capture data during the study visit. Video cameras were also set-up prior to
the arrival of the participants.
Study Visits. Participants provided a signed copy of their physician screening
document at the beginning of the first study visit. After submitting this document, the
researcher and participant reviewed the informed consent document, allowing the
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participant to ask any questions and discuss any concerns about participating in the study.
If the participant consented to videotaping the session, the researcher turned on the
camera to record the rest of the study session. The Actigraph GT3X+ Accelerometer was
then placed on their dominant wrist.
Participants then completed a pre-game session questionnaire that collected
demographic information as well as information about their medical history. All study
questionnaires were administered online via Qualtrics. Once the questionnaire was
complete, the researcher strapped the Oculus Touch Controllers to the wrists of the
participant so that they safely dangled from the participant without being held. The
researcher then put the headset on the participant’s head. The participant and researcher
worked together to make sure comfort and visual display were optimal. The researcher
also subjectively determined if the game needed to be slowed down for the participant.
This assessment was largely based on the perceived walking and movement speed of the
participant. The participant was then guided to play an abbreviated tutorial of Beat Saber.
After completing the abbreviated tutorial, the participant played a predetermined
selection of songs. The researcher then guided each participant through the training
session, which included rest breaks every ten minutes. Game scores were collected
throughout gameplay. Once the participant completed all of the predetermined songs,
they were asked to take off the headset. The researcher assisted the participants with the
removal of the game controllers. Study Visit 1 and Study Visit 4 incorporated post-game
session questionnaires that asked questions related to their virtual reality experience.
These questionnaires incorporated both qualitative and quantitative components.
Alternatively, Study Visit 2 and Study Visit 3 did not involve any questionnaires,
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allowing the participants to play more songs. The researcher concluded the first three
study visits by confirming the next study session. The fourth study visit was concluded
by providing the participant with a study debriefing document. All participants were
given the opportunity to ask questions about the study after participation.
Analyses
Game Performance and Symptomology. Game Performance is assessed by
changes in high game scores and arm swing magnitude. Symptomology is assessed by
changes in arm swing magnitude. Median high game scores and arm swing magnitude
will be evaluated for change between Study Visit 1 and Study Visit 4. Descriptives and
effect size will be used due to a small sample size (n=4). Effect size for high game scores
and arm swing magnitude will be measured using an eta-squared (ηp" ). Change in means
will also be plotted. Because we are interested in studying whether participation over one
week also affected variability in arm swing magnitude, the coefficient of variation will be
computed to account for changes over the same period.
Game Enjoyment. Game Enjoyment will be measured using a modified 12-item
Flow State Scale that was combined with 12 researcher-designed questions that assess
exploratory factors of Game Enjoyment. Therefore, in addition to autotelic experience,
loss of self-consciousness and sense of control, these researcher-designed questions were
created to fall onto one of three exploratory factors: comfort, motivation and selfefficacy. An exploratory factor analysis was not conducted due to a limited sample size
(n=4). However, a scale reliability analysis was conducted on this 24-item Game
Enjoyment Scale. Three questions were eliminated to reveal a reliable 21-item measure
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of Game Enjoyment (α= .845). A paired samples t-test will be conducted in order to
assess for change between Study Visit 1 and Study Visit 4.
Qualitative Data. Researcher field notes tracked number of falls as well as
adverse side effects experienced during the course of the study. Because there are no
established safety measures for Beat Saber, researcher-designed open-ended responses
will also be used to assess feasibility, accessibility and usability measures, including Safe
Play.
Participant responses to open-ended questions were collected during Study Visit 1
and Study Visit 4. These responses were separated by study visit and sub-categorized by
question in order to involve all available context in the response analysis. Patterns were
assessed by keywords and phrases. Each response was categorized into groups with
similar keywords and phrases, meaning a single response will not limited to one group.
Categorization was guided by a top-down or a-priori approach that was directed by the
study’s feasibility, acceptability and usability questions. These groups were assigned a
preliminary single-word identifier that can be later developed into a richer thematic
definition. These themes will remain separated by their Study Visit 1 and Study Visit 4
status in order to assess for change in participant responses and experiences. It is
important to note that participants were asked to respond to additional questions during
Study Visit 4, meaning that more data were available for thematic analysis (Braun,
Clarke, & Terry, 2014).
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Results
High Game Scores
There was an increase in median±SE high game scores between Study Visit 1
(26,843.50±13,081.57) and Study Visit 4 (41,568.00±12,840.51) and this change was
large in magnitude (η𝑝" =.286, Figure 7).
Arm Swing Magnitude
There was an increase in median±SE arm swing magnitude between Study Visit 1
(1319.73±283.18) and Study Visit 4 (2062.42±482.524) and this change was large in
magnitude (η𝑝" = .359, Figure 8). There was also an increase in median CV±𝑆𝐸 arm
swing magnitude between Study Visit 1 (.353±.008) and Study Visit 4 (.395±.040) and
this change was large in magnitude (η𝑝" = .279, Figure 9).
Game Enjoyment
There was an increase in mean±SE game enjoyment scores between Study Visit 1
(73.25±4.52) and Study Visit 4 (92.25±4.33) and this change was significant and very
large in magnitude (η𝑝" =.994, p= .006).
A paired-samples t-test was also conducted to compare game enjoyment scores
during Study Visit 1 (M=73.25, SD=9.03) and Study Visit 4 (M=92.25, SD=8.66). Study
Visit 1 Game Enjoyment measures and Study Visit 4 game enjoyment measures were
strongly and positively correlated (r= .886, p= n.s.). Although this finding is nonsignificant due to a very small sample size, it is suggestive of a very likely relationship
with a larger sample. There was a significant average difference between Study Visit 1
and Study Visit 4 (t3= -8.96, p= 0.003). On average, Study Visit 4 measures were 19
points higher than Study Visit 1 measures (95% CI [-25.75, -12.25]).
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Figure 7 Mean±SE High Game Scores from Study Visits 1 and 4

Figure 8 Mean±SE Arm Swing Magnitudes from Study Visits 1 and
4

Figure 9 Mean CV±SE Arm Swing Magnitudes from Study Visits 1 and 4
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Table 3 Effect size by variable
Variable

Effect Size

median±SE high game scores

.286

median±SE arm swing magnitude

.359

median CV±SE arm swing magnitude

.279

mean±SE game enjoyment scores

.994

Safe Play
No falls or seizures were experienced during the course of this study. There were
no reports of virtual reality sickness, motion sickness or headaches during or after
gameplay. All participants played the game while standing and were able to do so
without an assistive device, including two participants who ordinarily rely on a cane for
standing and walking.
Open-Ended Responses
Study Visit 1. “Beat Saber inspires positive affect” and “Beat Saber involves
physical and cognitive challenges” were two main themes that were identified in
responses from Study Visit 1 and Study Visit 4. “Challenges in Beat Saber can cause
uncertainty” is a sub-theme identified in Study Visit 1; however, this sub-theme is not
prevalent in responses from Study Visit 4, suggesting that uncertainties related to the
game and virtual reality technology may be reduced by reoccurring exposure. For
example, physical and emotional responses, such as tension or anxiety, were only
identified in responses from Study Visit 1. Some participants also indicated that they
were uncertain if they were able to move around the room (e.g. “I got tired standing in
one spot but was afraid to move very far”). Another participant indicated that knowing
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that they could move was a helpful insight (e.g. “It is challenging for me to stand,
especially in one place; it was nice to realize it was okay to move”). This suggests that
certain game- and technology-related uncertainties can be overcome with additional
instruction and familiarity. It is worthwhile to briefly note that one participant confessed
that they experienced boredom by Study Visit 4. While numerous factors can contribute
to boredom, this outcome does suggest reduced uncertainty during gameplay. Qualitative
responses from Study Visit 1 are listed by theme and sub-theme on Table 3. Table 4
outlines Study Visit 1 themes and sub-themes with their relevant study constructs. It
should be noted that this study cannot ensure thematic salience (Morse et al, 2002).
Table 4 Study Visit 1 themes and subthemes
Main Theme: Beat Saber involves physical and cognitive challenges
How did virtual reality make
you feel emotionally?
If this session was
challenging, describe the
challenges you experienced.

• “You get tensed and anxious as things come at you.”
• “It took me a long time to realize what the arrows were.”
• “Just learning the game was challenging.”
• “Wanted to slice every box, got tired standing in one spot but was afraid to move
very far, it was fun.”
Sub-theme: Challenges in Beat Saber can cause uncertainty

How did virtual reality make
you feel emotionally?

• “You get tensed and anxious as things come at you.”

If this session was
challenging, describe the
challenges you experienced.

• “Wanted to slice every box, got tired standing in one spot but was afraid to move
very far, it was fun.”

Main Theme: Beat Saber inspires positive affect
How did virtual reality make
you feel physically?
How did virtual reality make
you feel emotionally?

• “Enjoyable, I relaxed soon after I started and that made it much easier.”
• “Exhilarated, have never played a game like this before and really enjoyed it.”
• “Relaxed.”
• “I enjoyed it.”
• “Happy, laugh, competitive.”

If this session was
challenging, describe the
challenges you experienced.

• “Wanted to slice every box… it was fun.”
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Table 5 Study Visit 1 themes and sub-themes categorized by study constructs
Theme and Sub-themes
Main Theme 1
Beat Saber involves physical and cognitive challenges

Relevant Constructs
• Feasibility
• Acceptability
• Usability

• Safe Play
• Game Performance

Sub-theme 1
Challenges in Beat Saber can cause uncertainty
Main Theme 1
Beat Saber inspires positive affect

• Acceptability
• Usability

• Game Performance
• Game Enjoyment

Study Visit 4. Qualitative responses from Study Visit 4 are listed by theme and
sub-theme on Table 4. Additional themes and sub-themes were identified in Study Visit
4. “Musical rhythm cues movement” and “Beat Saber motivates future play or
encourages participation in other physical activities” are two additional main themes that
were identified in responses from Study Visit 4. “Musical rhythm contributes to gamerelated positive affect” is a sub-theme of “Beat Saber inspires positive affect.” Some of
these additional themes are likely a result of multiple exposures to Beat Saber and virtual
reality technology. Qualitative responses from Study Visit 4 are listed by theme and subtheme on Table 5. Table 6 outlines Study Visit 4 themes and sub-themes with their
relevant study constructs.
The importance of musical rhythm—that is, as an auditory cue for movement—
was acknowledged by study participants, meaning that some participants were aware that
“Musical rhythm cues movement” during each song. It is likely that this rhythm-based
design was not distinctly evident during Study Visit 1 since the game was so new and
thus required more cognitive effort. However, participant reflections on their study visits
provide a possible explanation for game-related positive affective responses: music and
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rhythm (e.g. “I felt good, like I was in the groove,” “I liked the music. I like the way I
could get in the flow and swing in a controlled way” and “The songs were uplifting and
helped me know what was coming”). Therefore, “Musical rhythm contributes to gamerelated positive affect” is a sub-theme that develops context on the main theme, “Beat
Saber inspires positive affect.”
These positive affective responses are connected to another identified theme,
“Beat Saber motivates future play or encourages participation in other physical
activities.” This outcome is consistent with previous research. Specifically, positive affect
or “happy feelings” influence social behavior, thought processing and several aspects of
cognition, including memory, learning, problem-solving, creativity and flexibility in
thought (Isen, 1991). Researchers have also found that positive affect can influence
motivation for certain kinds of activities (Isen, 1991).
Table 6 Study Visit 4 themes and sub-themes
Main Theme: Beat Saber involves physical and cognitive challenges
How did virtual reality make
you feel physically? • “Challenged.”
If this session was challenging,
describe the challenges you
experienced.

• “Emotionally, I felt good. Physically, it was challenging. Mentally, I had to be
alert to changes in the patterns.”
• “It is challenging for me to stand, especially standing in one place; it was nice
to realize it was okay to move. I also found the game, Beat Saber, to be
challenging, but fun.”
• “Physical, matching motions.”
• “Was afraid to step around so stayed more in one spot, was good to swing arms
and really made me happy and when made a miss would laugh, songs were
uplifting and helped know what was coming.”

Would you use this virtual
reality experience on your own
in the future?

• “Yes it was so enjoyable and fun, challenged body and brain, music was good
for my soul too!”

Main Theme: Beat Saber inspires positive affect
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How did virtual reality make
you feel physically?

• “Exhilarated and gave me energy, was a fun exercise and don't like exercise
overall… was good to sweat with exercise… enjoy the fun of it.”

How did virtual reality make
you feel emotionally?

• “Happy, enjoyed music and overall fun of it.”

What did you like about
playing Beat Saber?

• “I enjoyed the fact that I could stand and play for an extended period of time
and that I was encouraged to make large arm movements.”
• “It was fun exercise and I wanted to have 100% score. Music and total activity
was invigorating and gave me energy. Best exercise and enjoyed the experience
... been quite a while since felt that way.”

Would you use this virtual
reality experience on your own
in the future?

• “Yes it was so enjoyable and fun, challenged body and brain, music was good
for my soul too!”

Please use this space to make
any other comments about your
virtual reality experience.

• “I have never used VR previously; I found it to be lots of fun and very
interesting.”
• “This has been more fun than expected.”
Sub-theme: Musical rhythm contributes to game-related positive affect

How did virtual reality make
you feel physically?
How did virtual reality make
you feel emotionally?

If this session was challenging,
describe the challenges you
experienced.
What did you like about
playing Beat Saber?

• “I felt really involved. I could feel the rhythm.”

• “I felt good, like I was in the groove.”

• “Songs were uplifting and helped know what was coming.”

• “I liked the music. I like the way I could get in the flow and swing in a
controlled way. Little need for quick corrections.”

Main Theme: Musical rhythm cues movement
How did virtual reality make
you feel physically?
If this session was challenging,
describe the challenges you
experienced.

• “I felt really involved. I could feel the rhythm.”
• “Emotionally, I felt good. Physically, it was challenging. Mentally, I had to be
alert to changes in the patterns.”
• “Songs were uplifting and helped know what was coming.”

What did you like about
playing Beat Saber?

• “I liked the music. I like the way I could get in the flow and swing in a
controlled way. Little need for quick corrections.”

Main Theme: Beat Saber motivates future play or encourages participation in other physical activities
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If this session was challenging,
describe the challenges you
experienced.

What did you like about
playing Beat Saber?
What suggestions do you have
for improving the design of
your virtual reality experience?
Would you use this virtual
reality experience on your own
in the future? Why or why not?

• “I have looked forward to coming this past week… Home up for sale and when
sold buying this program and can see that it would help me enjoy exercise and
movement and think I would look forward and able to do this at the end of the
day.”
• “It was fun exercise and I wanted to have 100% score.”
• “Would like to explore other games and I plan to purchase. Had never played
virtual game before and was apprehensive. Prior to this experience I would have
declined the offer to play.”
• “I would like to continue to play Beat Saber and, perhaps find similar games. I
enjoyed it here and would like to someday see the next level.”
• “Yes it was so enjoyable and fun, challenged body and brain, music was good
for my soul too!”

Please use this space to make
any other comments about your
virtual reality experience.

• “I like the way I worked to do well. It is very engaging and motivating.”

Table 7 Study Visit 4 themes and sub-themes categorized by study constructs
Theme and Sub-themes
Main Theme 1
Beat Saber involves physical and cognitive challenges

Main Theme 2
Beat Saber inspires positive affect

Relevant Constructs
• Feasibility
• Acceptability
• Usability
• Acceptability
• Usability

• Safe Play
• Game Performance

• Game Performance
• Symptomology
• Game Enjoyment

Sub-theme 2
Musical rhythm contributes to game-related positive affect

Main Theme 3
Musical rhythm cues movement

• Feasibility
• Acceptability
• Usability

• Safe Play
• Game Performance
• Symptomology

Main Theme 4
Beat Saber motivates future play or encourages participation in other
physical activities

• Acceptability
• Usability

• Game Performance
• Game Enjoyment
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Discussion
There were no reports or observations of adverse side effects that suggest this
intervention is particularly unsafe for the Parkinson’s Disease population. On average,
high game scores, arm swing magnitude and Game Enjoyment measures improved
between Study Visit 1 and Study Visit 4. These findings suggest that individuals with
Parkinson’s Disease can safely play Beat Saber and improve their Game Performance.
Improvements in arm swing magnitude also suggest that some motor symptoms of
Parkinson’s Disease can be temporarily mitigated during gameplay. A large effect size on
high game scores and arm swing magnitude further validates the feasibility and
acceptability of this intervention. Despite a small sample size, there was also a significant
increase in game enjoyment between Study Visit 1 and Study Visit 4, indicating that the
benefits of playing Beat Saber are likely optimized after multiple and regular exposure.
Although these results may be somewhat influenced by a single game effect, the
characteristics of Beat Saber as well as the outcomes of this study support the argument
that Beat Saber is a novel form of Neurological Music Therapy and, to some extent
Dance Therapy.
Feasibility
Achieving feasibility means individuals with Parkinson’s Disease can play the
game without falls and virtual reality sickness. It also means participants can improve
their high game scores and arm swing magnitude, two key variables for assessing Game
Performance. Therefore, responses to RQ1 and RQ2 follow.
RQ1: How is Safe Play of Beat Saber impacted by Parkinson’s Disease?
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There were no falls or reports of virtual reality sickness during or after gameplay.
No seizures or headaches were observed or reported during the course of this study.
Although more research is needed, the results of this pilot study suggest that Parkinson’s
Disease does not prohibit individuals from safely playing Beat Saber. Achieving Safe
Play demonstrates that physically active virtual reality is a viable intervention for the
Parkinson’s Disease population.
Open-ended responses from participants provide more insight on safety and
gameplay. “Beat Saber involves physical and cognitive challenges” is a main theme that
is identified after both Study Visit 1 and Study Visit 4. Responses that fall onto this
theme identify a range of experiences during gameplay; however, in terms of Safe Play,
there is a notable change within this theme between study visits. Specifically, challenges
from Study Visit 1 appear to largely be related to learning a new game (e.g. “It took me a
long time to realize what the arrows were” and “Just learning the game was
challenging”). The challenges of a new game, but also a new technology more generally,
led to an additional Study Visit 1 sub-theme, “Challenges in Beat Saber can cause
uncertainty” (e.g. “You get tensed and anxious as things come at you” and “Wanted to
slice every box, got tired standing in one spot but was afraid to move very far”). Though
no safety issues occurred during this pilot study, it is worthwhile to point out that the
challenges and uncertainties of new games and technology can naturally increase the
likelihood of adverse effects. Responses after Study Visit 4 indicate that these initial
challenges and uncertainties can be overcome with increased game familiarity.
Importantly, new challenges may take their place. Challenges from Study Visit 4 were
largely physical (e.g. “It is challenging for me to stand, especially standing in one place;
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it was nice to realize it was okay to move” and “Was afraid to step around so stayed more
in one spot”). This is important in the context of Safe Play and future research. First, it
indicates that participating in a new game and a new technology directs a lot of attention
to learning, potentially distracting players from physical challenges of gameplay. Second,
as participants become more familiar with the movements and goals of gameplay, there
are more resources available to pay attention to physical sensations. For participants in
this study, this meant moving more, rather than less, meaning individuals with
Parkinson’s Disease may be more likely to collide with objects in their physical
environment as familiarity and comfort levels increase. For some participants, this also
means some uncertainties may shift, rather than being completely eliminated, as the fear
of collision seems to increase with the desire to move.
More research needs to be done to determine safety of use without supervision.
Specifically, developing usage guidelines based on symptoms, disease rating scale and
balance confidence is needed for determining whether supervised use is necessary. Longterm care facilities and home health care are ideal services that can leverage this
technology, but the deployment of programs is contingent on having a standardized
safety assessment for individual patients, especially in cases where the disease is more
progressed. This also means that games or virtual reality experiences need to be
purposely designed to improve certain symptoms of the illness. Of course, similar to
traditional interventions like physical therapy, physically active virtual reality needs to be
thoughtfully designed in a way that safely accommodates a range of abilities so that
participants have the self-efficacy to achieve intended therapeutic goals.
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In summary, the results of this pilot study demonstrate that a modified version of
Beat Saber can be safely played by individuals with Parkinson’s Disease, meaning the
disease does not specifically prohibit Safe Play. These findings suggest that some forms
of physically active virtual reality can be safely used by the Parkinson’s Disease
population.
RQ2: To what extent can individuals with Parkinson’s Disease improve their Beat
Saber Game Performance?

On average, high game scores and arm swing magnitude improved between Study
Visit 1 and Study Visit 4. A large effect size on high game scores and arm swing
magnitude was also identified. Taken together, these results indicate that participants
were mostly able to improve their Game Performance with multiple exposures to Beat
Saber. Some participants were able to increase the level of difficulty during the course of
the study. Specifically, one participant was able to transition from slower to regularly
paced songs with similar or better performance results. Overall, with the exception of one
individual, study participants were able to improve their Game Performance after
multiple game sessions.
One participant did not clearly improve their scores during the course of the
study. Although the cause of this mixed performance is indeterminable, it is worthwhile
to note that this participant was the oldest individual in the study who also had the most
recent Parkinson’s Disease diagnosis. Because participants were not assessed for their
current disease rating scale or cognitive function, it can only be suggested that individuals
with greater motor deficits and relatively normal cognitive functioning have the most to
gain from games like Beat Saber. Although there is currently no research on Beat Saber
and cognitive load, it is important to note that the game does appear to require a relatively
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high level of mental effort. For example, there were several open-ended responses that
alluded to the cognitive demands of the game (e.g. “Just learning the game was
challenging,” “Mentally, I had to be alert to changes in the patterns” and “Challenged
body and brain”). This is a potential performance barrier for some individuals in the
Parkinson’s Disease population or the aging community more generally.
Regardless of outcomes, the researcher observed that all participants expressed
some interest in their game scores and performance. Although Beat Saber offers a range
of performance metrics, participants seemed to be the most concerned about the number
of boxes they struck (e.g. “Wanted to slice every box… it was fun”). Although high game
scores were a valuable assessment tool for the researcher, it became evident that the
number of boxes struck was a more accessible, and perhaps, a more motivating metric for
new players. This likely contributed to game-related positive affect and improved game
performance (e.g. “It was fun exercise and I wanted to have 100% score. Music and total
activity was invigorating and gave me energy. Best exercise and enjoyed the experience
... been quite a while since felt that way”).
Open-ended responses also reveal an important change between study visits.
Although musical rhythm was not mentioned after Study Visit 1, for most participants,
the rhythm-based nature of the game became more apparent by Study Visit 4 (e.g. “I felt
really involved. I could feel the rhythm,” “Songs were uplifting and helped me know
what was coming” and “I liked the music. I like the way I could get in the flow and swing
in a controlled way. Little need for quick corrections.”). It is likely that learning the game
required more cognitive effort during Study Visit 1, meaning more attention or cognitive
resources were devoted to becoming familiar with game-related goals and movements.

50
As participants grew more familiar and comfortable with the game and music, for some,
the connection between rhythm and movement became more evident, potentially
contributing to improved performance. With more time and exposure, it is likely that the
rhythm-movement connection will become more apparent to all participants. It is
nevertheless worthwhile to consider that songs with more complex beats may inhibit
entrainment during gameplay – that is, participants may be forced to dedicate more
concerted mental effort to play instead of relying on more automatic responses to rhythm
because the beat simply cannot be heard as a result of high cognitive load.
In summary, these results demonstrate that individuals with Parkinson’s Disease
are likely to improve their Game Performance with practice. This suggests that the
Parkinson’s Disease population is not particularly inhibited from experiencing progress
or success during physically active virtual reality games. More research is needed to
identify barriers to improvement so that games can be intentionally designed to benefit
this population in particular.
Acceptability
Achieving acceptability means the game improves Symptomatology, which was
assessed by increased arm swing magnitude, and causes high levels of Game Enjoyment,
which was assessed by the 21-item Game Enjoyment Scale. Therefore, responses to RQ3
and RQ4 follow.
RQ3: To what extent does Beat Saber improve motor symptoms associated with
Parkinson’s Disease?

Arm swing magnitude was measured to assess changes in Symptomatology. On
average, arm swing magnitude improved between Study Visit 1 and Study Visit 4. A
large effect size was also identified. Some participants also disclosed that the rhythm-
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movement connection helped them control their movements (e.g. “I liked the music. I
like the way I could get in the flow and swing in a controlled way. Little need for quick
corrections” and “I felt really involved. I could feel the rhythm”). Taken together, these
results indicate that participants were able to increase their arm swing magnitude as a
result of gameplay. Therefore, the findings of this pilot study suggest that some motor
symptoms of Parkinson’s Disease — that is, diminished arm speed and arm swing
amplitude — can be temporarily mitigated by Beat Saber. These results also align with
the expected outcomes of Neurological Music Therapy and Dance Therapy.
One of the more significant observations of the study noted that participants who
ordinarily needed assistive devices for walking and standing did not require these devices
during gameplay. All participants chose to play the game while standing for multiple 10minute periods. As a result, participants had to actively balance while playing Beat Saber.
For some, active balancing was more evident. Specifically, muscle shaking in the legs,
hips and lower back as well as frequent, small forward-moving steps were observed.
Because Beat Saber only primarily requires big arm swings, these movements and
muscle reactions were largely unexpected. Future research should consider exploring
how Beat Saber impacts balance and gait deficits in and outside of virtual reality.
Some participants provided unsolicited feedback during rest breaks and following
study participation. Two participants in particular commented that they were surprised
that they were able to stand for so long without assistance. While it is likely the case that
virtual reality cuing aided balance and movement for these sustained periods, this
feedback should encourage future research on balance and gait, but more specifically, on
how this phenomenon transfers and endures in activities of daily living. In other words,
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future research should also explore how physically active virtual reality impacts motor
symptoms of Parkinson’s Disease outside of virtual reality and for how long.
In summary, an increase in arm swing magnitude suggests that the Parkinson’s
Disease population can temporarily experience improved motor function as a result of
playing Beat Saber. More research needs to investigate the long-term benefit of playing
Beat Saber, including how the game influences activities of daily living and the duration
of its effects.
RQ4: To what extent do individuals with Parkinson’s Disease experience Game
Enjoyment from Beat Saber?

Despite a small sample size, there was a significant increase in game enjoyment
between Study Visit 1 and Study Visit 4. There was also a significant and very large
effect size from the game intervention. Although participants enjoyed the game during
Study Visit 1 (e.g. “Exhilarated, have never played a game like this before and really
enjoyed it” and “Enjoyable, I relaxed soon after I started and that made it much easier”),
the dramatic increase in game enjoyment between the first and final study visit can be, at
least partially, attributed to learning achievements or a single game effect, Beat Saber’s
rhythm-movement connection and temporary improvements in motor functioning.
Many open-ended responses from Study Visit 4 indicate that participants were
able to “just enjoy the fun” of Beat Saber (e.g. “Exhilarated and gave me energy, was a
fun exercise and don't like exercise overall… was good to sweat with exercise… enjoy
the fun of it” and “Happy, enjoyed music and overall fun of it”). This is a subtle change
from Study Visit 1 and is likely the result of learning achievements – that is, increased
knowledge of game-related goals and movements. These responses, in addition to
improved Game Performance, also suggest that some participants may have achieved

53
flow or a flow state during gameplay, potentially allowing players to become “totally
involved in an activity and experiences a number of positive experiential characteristics,
including freedom from self-consciousness and great enjoyment of the process.” (Jackson
& March, 1996). This can result in clarity of goals, knowledge of performance, and
feeling in-tune with their performance overall.

Similarly, familiarity with Beat Saber’s music and rhythm-movement connection
contributed to Game Enjoyment. As participants grew more familiar with the music, they
also became more familiar with the rhythm and required movements of each song, likely
permitting enhanced entrainment, performance and enjoyment. For some, this made the
experience more “invigorating” and “uplifting” (e.g. “It was fun exercise and I wanted to
have 100% score. Music and total activity was invigorating and gave me energy. Best
exercise and enjoyed the experience... been quite a while since felt that way” and “Songs
were uplifting and helped me know what was coming”). Familiarity with the music and
rhythms of the game also helped improve motor functioning. Some participants
acknowledged that the game improved their motor functioning, an outcome that likely
contributed to Game Enjoyment as well (e.g. “I enjoyed the fact that I could stand and
play for an extended period of time and that I was encouraged to make large arm
movements”).
In summary, it is evident that Beat Saber can be highly enjoyable for individuals
in the Parkinson’s Disease population regardless of familiarity with the game or virtual
reality technology. However, as familiarity with the game, technology and music
increases, the benefits of the Beat Saber, including Game Enjoyment, are very likely to
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be enhanced. Future research needs to investigate how to manage game enjoyment for
sustained participation over the course of more than just a single week. It would also be
worthwhile to investigate how Game Enjoyment impacts mood in daily living outside of
a virtual environment.
Usability
This pilot study also aimed to demonstrate how immersive virtual reality is
uniquely situated to support and even improve current physical therapy programs for the
Parkinson’s Disease population in particular. Therefore, responses to RQ5 follow.
RQ5: How can immersive virtual reality experiences be designed for the
Parkinson’s Disease population?

Immersive physically active virtual reality can be used to engineer
sensoriperceptual experiences that emphasize or distract users from certain stimuli and
bodily sensations. Although this was not a comparison study, many of the findings
already discussed have articulated the advantages and affordances of virtual reality as
well as its implications in the domain of physical medicine. However, before discussing
the ways virtual reality can be designed for this population, it is important to briefly
review why — in the context of this pilot study — immersive virtual reality games
should be designed for this population in the first place.
First, and most importantly, individuals with Parkinson’s Disease appear to
temporarily experience improved motor functioning while participating in immersive
physically active virtual reality. For example, individuals who ordinarily need assistance
while standing may be able to stand unassisted or stand for longer periods of time. Gait
improvements may also be experienced. As expected, virtual motor cues helped
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individuals with Parkinson’s Disease initiate movement and further improve their motor
functioning during gameplay. While future research needs to explore the duration of
these effects in activities of daily living, the distinct parallels between games like Beat
Saber and Neurological Music Therapy and Dance Therapy suggest that continued play
will help manage the symptoms and progression of Parkinson’s Disease.
Second, game performance outcomes from this pilot study indicate that the
Parkinson’s Disease population can and will progress their performance in certain
immersive virtual reality experiences. Although more research needs to be done, it may
be the case that individuals with Parkinson’s Disease may be able to achieve
improvements even faster than conventional methods. Obviously, successful outcomes in
immersive physically active virtual reality are contingent on game design, which is why
future research needs to evaluate and update existing therapy guidelines for nonimmersive or semi-immersive video games.
Third, according to the outcomes of this pilot study, individuals with Parkinson’s
Disease can safely participate in immersive virtual reality experiences. As a result, this
technology can be used to make some conventional therapies even safer. For example,
some physical visual cues, such as cones, markers or short training hurdles, can be turned
into virtual reality motor cues that can ultimately reduce falls from collision. Immersive
physically active virtual reality can also be used to design experiences that cannot be
replicated in the real world, like Beat Saber itself.
Lastly, immersive virtual reality is highly enjoyable, especially as individuals
become more familiar with the technology and its games. Because immersive virtual
reality can be designed to distract, to create a state of flow, certain therapies can become
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more enjoyable for individuals with Parkinson’s Disease, especially those who
experience pain or discomfort.
All that said, the outcomes of this pilot study also lay the groundwork for how
immersive physically active virtual reality games or experiences should be designed for
the Parkinson’s Disease population:
Required movement should be relevant to therapeutic goals, meaning the
game characteristics and levels should be modifiable. Games need to be designed for
the Parkinson’s Disease population. While games like Beat Saber can offer convenient
additions to therapy or physical activity regimens, games should be optimized for the
Parkinson’s Disease population whenever possible. This means that immersive physically
active virtual reality games need to include in-game tasks that are designed to improve
the motor and non-motor symptoms of the disease. It also means that games need to have
characteristics, features and levels that can be turned off or on depending on the abilities
of the individual. Challenges should be scalable and continuous to encourage
participation.
Performance feedback should be easy to understand and track. Based on the
results of this pilot study, performance feedback can be very motivating. While Beat
Saber offers a lot of information after play, a lot of the feedback is hard to put into
context and is difficult to track. Games should be designed in a way that simplifies
feedback as well as provides participants the opportunity to track progress.
Incorporate music, especially music that is familiar or rhythmically simple.
While learning a new game or skill may take time, learning rhythm-based movements
may take less time if a song is already known or rhythmically simple. Based on the
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outcomes of this pilot study, participants can begin to experience the full benefits of
immersive virtual reality when audio feedback, such as music, is optimized. Because
Parkinson’s Disease affects speech, it may be worthwhile to also include a vocal
component into gameplay, one that encourages high volume actions. Using Neurological
Music Therapy and Dance Therapy as a guide is recommended.
Include a game tutorial that is simple, detailed and accommodating to all
player abilities. The Beat Saber tutorial proved to be challenging for participants. First,
it didn’t accommodate player abilities, so the full tutorial could not be used for the
purposes of this pilot study. Secondly, the tutorial wasn’t overly detailed, and all
participants had trouble understanding the instructions and experienced a difficult
transition to gameplay. A slower, more detailed tutorial that permits modifications would
be best for the Parkinson’s Disease population in particular. The tutorial should also
explain how players can maximize their scores and performance.
In summary, the above recommendations for designing immersive physically
active virtual reality, though not entirely comprehensive, is meant to be lay a foundation
for future research and game design. While Beat Saber and similar games offer
convenient opportunities for physical medicine, optimizing games and immersive
experiences for the Parkinson’s Disease population should always be pursued whenever
possible. This will ensure scalable, continued use.
Conclusions
Beat Saber, though not intentionally designed for individuals with Parkinson’s
Disease, offers a significant opportunity for this population and researchers who are
interested in using new technology to help manage the symptoms and progression of the
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illness. The results of this pilot study, including improvements in Game Performance and
Arm Swing Magnitude as well as high levels of Game Enjoyment, support the idea that
Beat Saber offers a novel form of Neurological Music Therapy and Dance Therapy.
It is important to emphasize that this pilot study is likely the first of its kind. To
our knowledge, no study has yet explored how wireless, immersive virtual reality can be
used as a therapeutic tool for those facing neurological illness. Although study limitations
were numerous, this pilot study does lay a foundation for future research. Namely, this
study has proven that immersive physically active virtual reality games like Beat Saber
can be safely played and are likely to provide some therapeutic benefits that impact
symptoms related to Parkinson’s Disease. Just as important, this study also determined
that immersive physically active virtual reality experiences can be highly enjoyable,
especially when designed for an intended population.
This, of course, should inspire future researchers to explore how games like Beat
Saber directly impact symptoms, for how long and, if at all, how these changes improve
motor and cognitive functions related to activities of daily living. Game developers
should also be inspired to innovate ways to support the development of target therapies
for populations facing neurological illnesses or the aging population more generally.
Ultimately, Beat Saber and similar forms of immersive physically active virtual reality
can be considered a feasible, acceptable and usable therapeutic intervention for the
Parkinson’s Disease population. Taken together, these implications give us reason to
carry on with research that explores how immersive physically active virtual reality can
be used to benefit the Parkinson’s Disease population.
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