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ABSTRACT
We present PIANX, a platform to assist piano players in alleviat-
ing Music Performance Anxiety (MPA). Our work is motivated by
the ability of Virtual Reality (VR) to create environments closely
resembling the real world. For musicians, settings such as auditions
or concerts are of particular interest, since they allow practicing
in situations which evoke stress as a result of stage fright. Cur-
rent approaches are limited: while they provide a virtual scene,
realistic haptic feedback (i.e. playing on a real piano) and an au-
thentic representation of their hands is missing. We close this gap
with the design of a Mixed Reality platform, consisting of a MIDI
(Musical Instrument Digital Interface) stage piano and an HTC
Vive Pro VR headset. The platform offers (a) two approaches to
finger tracking and visualization – a virtual representation based
on LeapMotion hand tracking (baseline) and a real representation
using see-through VR; in addition, it provides (b) three different
settings in which users can practice (home, audition, concert hall)
and (c) a mechanism for real time feedback. We created a series of
videos demonstrating the system and collected feedback from 23
participants in an online study, assessing their views towards our
platform. Results reveal key insights for the design of virtual MPA
training platforms from a scientific and consumer perspective.

CCS CONCEPTS
• Human-centered computing → Human computer interac-
tion (HCI); Mixed / augmented reality; Virtual reality.
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1 INTRODUCTION
Trembling, perspiration and shortness of breath – to many musi-
cians these symptoms are all too familiar and often induced by the
task of performing in front of people [38, 46]. Due to its highly
competitive environment, the music industry requires not only
technical and instrument-specific motor skills but also high mental
resilience [28]. A musician must be able to cope with the intense
psychological pressure caused by the implicit expectation to meet
personal and the audiences’ standards. The term used to describe
this state is "Music Performance Anxiety" [9] (oftentimes referred
to as "stage fright"). However, various studies question the accuracy
of using both terms interchangeably [7, 44]. If or when the Music
Performance Anxiety reaches an excessive level, it can cause dam-
age to the musician’s mental well-being and impair performance
skills [49]. Mental suffering can be short-term but potentially also
accompany musicians for the rest of their lives [28].

Many studies have shown that Music Performance Anxiety is
independent of age, gender, or years of private study [7, 20, 46]. This
mental health issue affects musicians at amateur level just as much
as professionals. In extreme cases, it can lead the musicians to pause
or even terminate their musical career. An example is the famous
Russian pianist Vladimir Horowitz, who avoided the limelight for
multiple, longer periods of time [6, 24]. A survey conducted by
the International Conference of Symphony and Opera Musicians
questioned over 2000 professional musicians and found Music Per-
formance Anxiety to be the most frequent non-musculoskeletal
medical problem among them [13]. More than 20 percent of the
questioned musicians take beta-blockers, medication that weak-
ens stress hormones, before important performances in public. In
another study, 190 students from a musical university were asked
about the negative feelings of Music Performance Anxiety before
performing [44]. The perception of stage fright as a problem was
also assessed. Results of this study showed that a significant num-
ber of students experienced stage fright as a problem and imagined
it to have a negative impact on their career. Additionally, the ma-
jority expressed a strong need for more support with this issue (65
percent) and wished to receive more education and information
about stage fright (84 percent).

One approach to cope with the anxiety is by exposing users
to computer-generated simulations. Aufegger et al., for instance,
explored the user’s perception and experience performing in stage
fright triggering simulations [3]. Orman et al. [36] and Bisonnette
et al. used Virtual Reality to enhance the immersion of stage fright
evoking simulations [4]. While the latter provides evidence for
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virtual environments feeling of presence and may have provided
the means for desensitization, the results indicate a significant
decrease in performance anxiety for musicians in the treatment
group for those with a high level of state anxiety, for those with a
high level of trait anxiety, for women, and for musicians with high
immersive tendencies. Their study results similarly indicate the
great potential Virtual Reality bears in creating a sense of presence
in virtual simulations and using it to desensitize MPA.

Two major challenges in using simulated settings are (a) provid-
ing haptic feedback as if playing on a physical keyboard and (b)
a realistic representation of the user’s hands. We extend state-of-
the-art by providing an integrated piano MiXed Reality platform
(PIANX) which enables haptic feedback by allowing a real piano
to be used and provide a way of realistically visualizing a player’s
hands. With the presented system we aim to obtain an in-depth un-
derstanding of how MR can help players mitigate MPA by enabling
them to practise while being confronted with stage fright.

In summary, our research focuses on the perception of three
specific design aspects from a musician’s point of view. The first
aspect concerns hand visualizations in the Mixed Reality view of
the user. In particular, we compare three different types of hand
representations. Two are virtual hand models and differ in their
appearances (serving as baselines), while the third is based on a
camera that displays the real hands. The second design aspect
concerns the virtual environments in which the user can practise.
In this respect, PIANX includes three different environments. Each
environment is designed and intended to provoke a certain stress
level. The third design feature relates to feedback mechanisms. Our
system incorporates a mechanism for real time feedback.

When comparing the three included settings (home, audition,
concert), we found that audition and concert were perceived signif-
icantly more stressful than home. This indicates that environments
involving some form of evaluation are specifically useful for MPA
provocation. The vast majority of participants perceive the degree
of realism to be a decisive criterion for the effectiveness of the
virtual simulation and the immersion directly associated with it.
Furthermore, shortening the distance as well as including famil-
iarity between user and attendant, virtual people can increase the
level of evoked stress. Concerning hand visualization, we found a
clear preference of a real hand representation to the virtual hand
models among the participants. Therefore, it is desirable to include
the pianist’s actual hands in the MPA piano training simulations.

Contribution Statement – Our contributions is twofold: 1) We
present PIANX as a platform combining a real piano, hand track-
ing and Mixed Reality technology to alleviate music performance
anxiety, and 2) we report on an online user study using video demon-
strators to gain insights into the design of virtual MPA training
platforms, showing that users prefer MR see-through hand repre-
sentation and desire enhanced physiological feedback mechanisms.

2 BACKGROUND AND RELATEDWORK
The following section will, first, briefly introduce Music Perfor-
mance Anxiety (MPA) and summarize coping strategies. After-
wards, we will summarize prior work looking into how musicians
can be supported using digital solutions. Finally, an overview will
be provided on digital piano interfaces.

2.1 Music Performance Anxiety (MPA)
Anxiety by itself is an innate and natural human trait [9]. It only
then becomes problematic when the affected person starts encoun-
tering unhealthy mental distress and negative effects on their func-
tioning. Kenny defined Music Performance Anxiety (MPA) as the
"experience of marked and persistent anxious apprehension related
to musical performance that has arisen through specific anxiety
conditioning experiences and which is manifested through combi-
nations of affective, cognitive, somatic and behavioural symptoms"
[19, 21]. MPA can occur in various types of performance settings.
However, it is experienced most intensively in evaluative environ-
ments, such as recitals or auditions [19, 24, 37]. These scenarios
involve a high ego investment and some form of judgement of the
musical performance. MPA can result in an impairment of the musi-
cal performance and possibly cause permanent damages to mental
health. Examples are depression, panic attacks, sleep disturbance,
and side effects of medications used for MPA [9, 34].

2.2 Digital Training Solutions
As mentioned in the introduction, virtual simulations that offer a
digital training method for playing piano in a stressful situation
show great potential. There are multiple ways to create simulations
in Virtual Reality (VR) or Mixed Reality (MR), for example by using
a head-mounted display, a projection screen or a computer monitor.

According to Mandal, VR describes a fully "computer generated
synthetic world that may be observed, moved through and manip-
ulated by a user in realtime." [27]. VR can be assigned to the three
dimensions immersion, presence, and interactivity [27, 43]. MR on
the other hand indicates a partly computer-generated world [31].
In an MR environment, both real world and virtual world elements
are merged and/or co-exist in one instance within a single display.

In the context of MPA, it is particularly important to focus on the
level of immersion, for it strongly influences the level of anxiety the
pianist experiences [5]. Similarly, prior work showed that the level
of perceived anxiety is closely linked to the perceived presence and
vice versa [1, 23].

Bissonette et al. developed a VR Exposure Training (VRET),
which is based on projection [5]. VRET is designed for the treatment
of Music Performance Anxiety and its impact on music students
was tested. VRET exposes the students to four virtual environments,
three representing typical classical music audiences and one show-
ing an empty concert hall. Unlike in the works of Aufegger et al. [3],
where the simulation is projected onto one single screen in front of
the performer, VRET displays the simulation on multiple screens
arranged around the test person. The study results revealed that
most participants experienced reduced psychological MPA levels.

2.3 Digital Piano Systems
To create a piano playing experience within a virtual simulation,
it is essential to provide sufficient visual feedback on hand and
individual finger movements. Therefore, VR pianos often utilise a
motion tracking device that is able to compile information about the
positions of hands and fingers. Using this information, the hands can
accurately be mapped onto a virtual hand model in VR. In addition,
position data can give insights into finger movement properties,
such as finger dynamics in piano touch and tempo [14, 15]. One
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way of implementing a VR Piano is to create a piano model, which
solely exists in the VR view of the head-mounted display [17].

In HMD settings, hand movements are often performed in mid-
air. Other applications rely on hand interaction with planar objects,
which function as a replacement for the real piano surface [25].
Depth sensors can also be used for monitoring finger movements.
Oka and Hashimoto, for instance, proposed a concept based on
depth information for automated piano lessons, in which the prac-
tice of fingering is possible [35]. Another option for tracking hand
movements is by detecting hand gestures. Qiao et al. created a piano
playing VR system that uses gesture detection with the LeapMotion
technology [39]. A study showed that the virtual piano application
has good performance. However, one noteworthy disadvantage is
the lack of tactile feedback for the user. This becomes especially
problematic when the user wants to play fast passages.

Desnoyers-Stewart, Gerhard and Smith developed a virtual pi-
ano keyboard with which they explored the integration of physical
objects into a virtual environment and its effects on immersion and
feeling of presence [11]. The pianist uses a VR headset. However, as
the pianist still plays on a real world keyboard, the authors referred
to their system as a "Mixed Reality piano keyboard". Using such a
MR piano keyboard instead of a keyboard that only exists in VR,
comes with the benefit of haptic feedback that is added to the expe-
rience. Multiple studies investigated the role of physical touch in
VR experiences. As of yet, most VR applications primarily address
our visual and auditory senses [8, 10]. However, there is great value
in equipping virtual objects with physical qualities [16]. Such hap-
tics provide the user with more cues about the environment, thus
enhancing their sense of immersion and interactivity and stimulat-
ing their imagination [10, 32]. Other hand tracking options include
marker based solutions, which can either be magnetic or reflective.
However, hardly any research work follows this approach.

2.4 Summary
Music Performance Anxiety is a widespread problem among musi-
cians of any age, gender or skill level. Therefore, training possibili-
ties reducing the psychological distress caused by MPA are highly
desired. One approach to improve MPA coping skills is to introduce
virtual simulations in MPA training, e.g., projection [3, 5]. Using
VR or MR simulations instead of projection can add new degrees of
immersion, presence and interactivity to the experience. Especially
the introduction of haptic feedback by adding real world objects to
the virtual experience in MR systems is beneficial [11].

To the best of our knowledge no approach to alleviate MPA in
piano playing exist, where users are able to experience a virtual,
MPA-inducing scene while at the same time being able to play on a
real keyboard and seeing their real hands. Additionally, an under-
standing of how users perceive an MR setting for MPA training is
missing as of today. Providing multiple design options, the PIANX
platform offers a first step in designing and developing just that.

3 THE PIANX PLATFORM
3.1 Concept & Requirements
To enable haptic feedback and a realistic hand representation, we
use a MIDI [41] piano keyboard and an HTC Vive PRO VR headset.
PIANX can display the user’s real hands using the HTC Vive Pro

Figure 1: The audition environment puts the player in a sit-
uation where four judges observe the performance.

headset’s built-in see-through camera in a virtual environment. In
addition, the platform supports the display of virtual hands (as is
common in state-of-the-art projects). As hands are constantly in
motion during piano playing, displaying virtual hand representa-
tions requires hand tracking technology. To this end, we added the
LeapMotion hand tracking device to our setup.

Besides a suitable hand and piano representation in VR, con-
ceptual requirements also include the recording and processing of
MIDI data, implementing suitable virtual environments that evoke
stress, and visualizing feedback in real time.

3.2 System Design
3.2.1 Virtual Environment. The PIANX platform involves three
virtual environments, intended to evoke a certain level of stress.
The environments differs in the number of listeners, their level of
expectation and their familiarity with the environment. The first
two are based on the works of Williamon et al. [48]. They tested the
effectiveness of two virtual environments in successfully inducing
feelings of stress in violin students. The environments were dis-
played on a two-dimensional screen. One environment consisted of
a virtual audience. The other involved an audition with three virtual
judges. Both scenarios are driven by the expectation to deliver a
high quality performance in an unfamiliar setting with several lis-
teners. Due to these attributes, they are expected to provoke a high
level of stage fright. In PIANX, both scenes are re-created in VR.
Top view perspectives and the views whilst inside the simulation
are shown in Figures 1 (audition) and 2 (concert hall).

In the virtual setting the piano is placed inside a living room
with a single other virtual person (Figure 3). The other person
is working on an electronic device and does not pay attention
to the pianist. Compared to the other scenarios, the third scene
reduces the number of listeners to a minimum and demonstrates
their indifference to the performance. The placement of the user in
a living room is supposed to set a familiar and homely atmosphere,
hence provoking a low level of stress.

3.2.2 Hand Visualization. To provide a suitable virtual hand visual-
ization, we considered three tracking technologies: (a) an OptiTrack
Motion Capture System, which relies on infrared cameras and reflec-
tive markers; (b) the HTC-Vive Pro Hand Tracking, which is an em-
bedded feature of the VR headset; and (c) a Leap Motion Controller,
which uses a camera for hand gesture detection. Desnoyers-Stewart
et al. summarize the properties of different tracking solutions, specif-
ically regarding accuracy, form factor, and portability[11]. We im-
plemented tracking using the three proposed options, ultimately
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