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Abstract

Immersive technologies have expanded opportunities for engaging
with live music by enabling audiences to experience performances
through enriched spatial, visual, and interactive modalities. This
study, which was conducted “in the wild”, investigates the impor-
tance of spatial audio and how it—along with other factors— influ-
ences overall Quality of Experience in an immersive jazz concert,
delivered via two interaction modalities, namely a VR headset and
a tablet. More concretely, ninety six (96) participants took part
in a user study in which they experienced excerpts of a spatial
audio-enhanced concert both via a Virtual Reality (VR) headset and
a tablet, after which they were asked to fill a short questionnaire.
The same concert content—a 360° video, with ambisonics-derived
spatial audio, captured during a real concert for the purpose of
the study—was used in both modalities. In this Work-in-Progress
(W1iP) paper, we focus on the qualitative insights, which emphasize
the importance of spatial audio as the primary experiential driver,
while identifying challenges related to overlapping sound sources
and desires for greater viewpoint flexibility. The findings further
reveal modality-specific trade-offs: VR affords stronger immersion,
while tablets offer greater control precision and accessibility. Future
immersive concert systems should therefore balance immersion
with usability and support flexible interactions.
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1 Introduction

Live music offers powerful experiences [12], but access to such
events remains limited for many due to geographical distance, cost,
or physical barriers [4, 14]. At the same time, advancements in
immersive technologies, such as Virtual Reality (VR) and spatial
audio, offer new opportunities to expand participation in live per-
formances by enabling audiences to experience concerts from in-
novative, engaging and personalized perspectives [17, 18]. Yet, the
experience of the audience depends not only on content, but also on
the interaction modality through which it is accessed. For instance,
a VR headset can provide embodied interactions and depth of im-
mersion, while handheld touch interfaces increase accessibility [7].
How these modalities shape the overall Quality of Experience (QoE)
[22] for the same musical content remains underexplored.
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Building on the concept of Musical XR [26], we evaluate a spatial
audio-based immersive experience over two interaction modalities
(VR headset and tablet). As content, we use excerpts from an im-
mersive jazz concert recorded with a 360 camera and an ambisonics
spatial microphone, and iteratively developed using a participatory
co-design approach [2], involving artists, concert organizers, and
potential end-users.

This Work-in-Progress (WiP) paper reports on qualitative find-
ings from the initial “in the wild” evaluation of the experience,
involving 96 participants. The study aimed to investigate the im-
portance of spatial audio for the overall QoE, considering both
modalities, as well as to explore key influence factors.

2 Related Work

Concerts serve as a social activity and a way to be with artists, al-
though when a concert becomes remote, part of that social connec-
tion and engagement can be lost and as a consequence, engagement
may be lost. Different platforms have been used to perform remote
concerts, such as Twitch [27], Youtube [20], contributing to the
emergence of Musical XR [26]. Prior research in this area has ex-
plored how audiences and artists experience remote performances
[1, 21], and has compared different devices, such as a VR headset
and computer [15]. Much of this work has emphasized visual as-
pects, rather than multisensory design. Yet, virtual auditory display
is an essential component of any eXtended Reality (XR) application
[11], especially related to musical applications. As sound and music
elements can be controlled by manipulating their properties (e.g.,
pitch, amplitude, spatial characteristics) [26], they can boost user
engagement and improve audience’s QoE. The sound components
of a Musical XR system should transmit spatial information that
enhances the physical space or suggests an alternate space through
dynamic spatialisation cues like reverb, delay, and filtering in order
to create the illusion of immersion and self-presence in a virtual
space [26].

Audio also has a strong capacity to evoke memories [16] and
convey a sense of place [19]. In the context of networked Immersive
Audio, this capacity is leveraged to create spatially rich, high-fidelity
audio experiences via digital networks [23].Such spatial audio can
enhance three-dimensional realism [9], and by communicating
position and direction, it mimics the natural hearing experience
[28]. This spatial separation improves the partitioning of the audi-
tory scene and cognitive attention, particularly in musical contexts
where multiple instruments originate from different locations [9].
Holm et al. [8] compared stereo and spatial audio using a 360° live
music video setting with a flat display and a Head-Mounted Dis-
play (HMD). Their results showed that spatial audio combined with
an HMD increased presence, perceived audio quality, and overall
listening experience.

However, spatial audio introduces challenges due to dynamic
attributes such as distance, velocity, and movement direction [28],
which may cause discomfort or motion sickness for some users
[11], or impact fidelity [5].

Existing work has evaluated engagement and QoF in remote con-
certs using a qualitative approach focusing on listeners’ subjective
perceptions and narrative accounts [20]. Prior work has compared
stereo, background and spatial audio in non-virtual environments
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[6, 24] and in XR environments [9, 11], particularly in VR [10]. Spa-
tial audio has emerged as a key factor for immersive experiences.
Questionnaire-based evaluations demonstrate that spatial audio
increases user engagement and provides meaningful directional
cues compared to stereo audio [11]. Mixed-methods work further
indicates that spatial audio enhances perceived QoE and musical
outcomes [9]. However, most studies address only XR, and lack
comparison across devices. While Lo et al. [15] compared computer
and HMD concert experiences, audio was non-spatial and delivered
via external loudspeakers. Thus, the present WiP compares a tablet
and an HMD using spatial audio to investigate engagement and
QoE across devices.

3 Methodology

In this “in the wild” user study, 96 participants experienced excerpts
from an immersive concert with spatial audio under two interaction
conditions: an Android-based tablet and a HMD (Meta Quest 3).
As counterbalancing of the order was not possible due to practical
constraints, participants first experienced a concert excerpt via the
tablet, and subsequently via the HMD. After experiencing both
conditions, participants filled out a short questionnaire.

3.1 Technical set-up

3.1.1 Content Capture in a Real Concert. The audio content for the
investigation was captured during a live performance. Clean stems
of each of the instruments on the stage were obtained. Furthermore,
the location of each of the musicians was recorded such that when
played back in a Unity virtual environment, the sounds would
come from the correct position. The capturing set-up also included
a second order ambisonics microphone, that captures and encodes
the spatial sound impressions coming from all directions. As a result,
the set-up enabled decoding for accurate playback over any audio
system. A diagram of the set up is shown below in Figure 1 and can
be observed in Figure 2. Additionally, an Insta 360 camera was used
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Figure 1: Setup of the concert stage, including the set of in-
struments, singers, the audience, the ambisonic microphone
and the 360 video camera

to record an 8k ultra-high-definition panoramic video feed of the
concert, positioned in front of the band. The audiovisual content
was imported into a Unity game engine environment and the video
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Figure 2: Picture from the recorded concert set-up

was placed on a virtual domed screen in the environment, allowing
for users to pan around and explore the content. The audio sources
were positioned to match the locations of the performances and
in line with the positions of the performers on the virtual screen.
Further, the ambisonics feed was placed with its central axis in line
with the camera.

3.1.2  Content presentation. A binaural rendering engine was used
to create an accurate audio presentation over headphones. Different
audio filters were applied to the sound for each source position and
relative to the listener position and angle. This enables accurate
modelling of how that source is perceived by the two ears in real
life, allowing for accurate and dynamic audio presentation. As users
panned around the scene, the ambisonics component was rotated to
match the new viewing angle, and the relative positions of the audio
objects were updated to match the positions in the field of view -
mimicking real-life audio perception. Furthermore, as participants
zoomed in, the audio of the element they were looking at increased
in level, similar to physically moving nearer to the source in real life.
Once curated in Unity, the experience was exported for playback
on both Android tablets (Samsung Galaxy Tab A7 (10.4”, 4G)') and
Meta Quest 3 VR headsets?, representing the two test conditions.
Participants wore headphones (Sony MDR-ZX110%) during both
experiences.

3.2 Test environment, data collection and
analysis

The study was conducted as an “in the wild” test in a dedicated, large
room during a 4-day festival offering different types of activities
linked to the Internet and digital innovation. The room accommo-
dated for 5 to 6 participants to test in parallel. To enable a natural
experience, participants were able to decide how long to engage
with the content. The majority used approximately 4-5 minutes per
device. After receiving standardized, written information about the
study and consenting to participate, the participants filled out a
questionnaire aimed at evaluating different aspects of the concert
experience on both devices. The questionnaire assessed various
aspects of the experience including self-reported immersion and
engagement, perceived quality, usability-related issues, physical
discomfort using both open and closed questions. We analyzed the
https://www.samsung.com/es/business/tablets/galaxy-tab-a/galaxy-tab-a7-t505-
sm-t505nzaaeub/

Zhttps://www.meta.com/es/quest/quest-3/
3https://www.sony.es/electronics/diadema/mdr-zx110-zx110a-zx110ap

561

IMX ’26, June 09-11, 2026, Athlone, Ireland

open questions from the questionnaires using a thematic analysis
approach, following the six-phase process outlined in [3].

3.3 Participants

The study took place over four days in October 2025 and recruitment
was carried out on-site at the Internet Festival, a local cultural event
in Pisa, Italy. It involved 96 participants who tested both modalities
(28.1% female, 69.8% male, 2.1% non-disclosed). Participants had a
mean age of 25.5 years (SD = 13.2, median = 18, range = 13-68). All
reported normal or corrected-to-normal vision and hearing. 51%
of participants reported attending concerts at least once a year,
while 9.4% reported attending three or more concerts annually.
Furthermore, 61.5% indicated that they had previously used VR or
other immersive media.

4 Results

The thematic analysis of open-ended questionnaire responses pro-
duced five main themes, synthesizing recurring patterns in the par-
ticipants’ accounts of their experience with the immersive concert
system: (1) sonic immersion and realism, (2) control and usability
friction, (3) accessibility and physical discomfort, (4) perspective
and presence flexibility, and (5) innovation and future potential. Fur-
ther, we report on the explicitly indicated preference of participants
between tablet and HMD.

4.1 Sonic immersion and realism

Participants consistently highlighted the audio experience as a
central aspect of the system, describing the sound quality as “excel-
lent” and emphasized the clarity and separation of instruments and
voices. Several participants referred to the spatial characteristics of
the audio, with comments such as “the audio effect (spatial) at 360
degrees impressed me particularly” (P0031, F, 17), and “sound quality
is excellent, it feels like being part of the band on the stage” (P0061, F,
65). On the other hand, few participants reported some challenges,
pointing out that "when a musician or an artist was standing in
front of another one, the sounds would overlap and it was difficult to
distinguish the instruments" (P0054, F, 33), (P0065, F, 32), (P0082, M,
20). This indicates the importance of accounting for how spatial
audio is rendered in dense visual arrangements.

4.1.1 Control and usability friction. Participants commented
on the interaction mechanisms used to control audio elements. For
the VR interface, these were described as difficult or less intuitive,
particularly when isolating specific singers or instruments. For
example, one participant explained, “in VR it was more challenging
to control the audio... with the tablet it was much easier to pinch
and zoom on a specific singer or artist and isolate that” (P0042, M,
14). Some participants expressed a preference for more intuitive or
responsive controls and noted that the tablet interface felt easier
to use. These observations relate to both audio manipulation and
general navigation within the system.

4.1.2  Accessibility and physical discomfort. The involved par-
ticipants reported on issues related to accessibility and physical
discomfort in relation to the use of the VR headset. Several par-
ticipants reported that wearing the VR headset was uncomfort-
able, especially for those who normally wear prescription eye-sight


https://www.samsung.com/es/business/tablets/galaxy-tab-a/galaxy-tab-a7-t505-sm-t505nzaaeub/
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glasses. The combination of glasses and the HMD was described as
uncomfortable, leading to pressure on the face/head and reduced
overall comfort during the immersive experience. One participant
reported that "due to being a nearsighted person, I missed out on
much of the experience" (P0010, M, 53). On the same line, the in-
ability to be able to wear glasses while using the HMD hindered
the "ability to focus on the experience" (P0034, M, 16), (P0047, M,
48), as reported by few participants. These comments suggest that
physical ergonomics may have played a signficant role in shaping
participants’ engagement with the experience.

4.1.3 Perspective and presence flexibility. Participants de-
scribed experiencing the performance from an on-stage viewpoint,
but also expressed interest in additional spatial perspectives. One
participant stated, “I felt lower compared to the artists. What would
be interesting is... to be also able to be in the crowd, which would
be more realistic” (P0067, F, 29). Comments of this kind reflect a
desire for alternative viewpoints or repositioning relative to the
performers, focusing on the user’s perceived position and spatial
relationship within the virtual environment.

4.1.4 Innovation and future potential. Participants described
the system as original and suggested applications beyond the pre-
sented prototype,. including live streaming and expanding inter-
active features. One participant remarked that the system is “very
original” and encouraged “going in that direction” (P0062, F, 49),
while others proposed making the experience more interactive and
dynamic. One participant reported that "I was not able to move
freely, which bothered me a bit" (P0051, F, 24). A recurrent sugges-
tion from the participants was to place greater emphasis on the
visual components of the experience. Participants reported that the
video quality on the VR headset, appeared "blurry" and "grainy"
(P0005, F, 16), (P0006, F, 17), (P00011, M, 16), (P00046, M, 13), (P0047,
M, 14). These visual degradations may have reduced the sense of
realism, although this limitation is also related to the device itself.

4.1.5 Preference. Finally, when asked whether they had any pref-
erence between the experience on the tablet vs. the concert expe-
rience on the HMD, 81.3% indicated a preference for the VR expe-
rience, compared to 13.5% for the tablet (while yet another 5.2%
had no preference). We conducted a Chi-square test to investigate
whether this preference differed between genders, age groups or
due to prior experience with VR. This analysis did not yield any
gender effects nor any association with prior experience with VR.
However, it indicated that age plays a role and significantly relates
to preference: 96.4% of the participants under 20 prefer the VR
headset, compared to 69.4% of participants over 20 ((y?(1)= 12.876,
p < .05, Cramér’s V = .38).

5 Discussion

This study examines users’ experiences of an interactive immersive
concert with spatial audio, where content is constant but the device
used to pan around the scene differs.Although the intended inter-
actions were conceptually identical, the control inputs differed sub-
stantially, contrasting embodied VR controllers with touch-screen
interaction.

The findings underline the central role that spatial audio played
in shaping the immersive concert experience, in line with prior
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studies [8, 9]. However, we identified a number of tensions and
challenges that warrant follow-up work. First, some participants
reported difficulties in distinguishing overlapping sound sources,
a characteristic commonly found in concert environments where
multiple sources are simultaneously active. Additionally, perform-
ers are not stationary elements in the immersive scene, but move
across the stage, further increasing the scene complexity.

Secondly, our findings indicate a trade-off between immersion
and usability. Although a majority preferred the VR experience,
participants noted frustration with control and interaction, in par-
ticular when zooming in/out on specific audio elements. Therefore,
and possibly due to prior familiarity with this type of device, the
tablet was consistently described by the participants as intuitive
and more practical, making the experience easier and more com-
fortable. The VR-preference was more pronounced at younger ages,
which may relate to younger participants’ ability to focus better
due to reduced external distractions [13].

Thirdly, the study was conducted in a real-world environment
(festival setting). While this enhances ecological validity [25], it
introduced methodological tensions and trade-offs. factors such
as interruptions, ambient noise, the room itself, device familiarity
and non-homogeneous levels of facilitator assistance may have
influences participants’ experiences in ways that were not fully
measurable.

In terms of limitations, and due to practical constraints “in the
wild”, it was not possible to counterbalance the order of exposure
to both interaction modalities, which may have influenced partici-
pants’ expectations, engagement, and evaluations of the immersive
experiences. Further, while the recorded artists were interviewed
and tested the immersive experience, their perspective is not re-
flected in this WiP paper. Finally, sample imbalances (e.g., skew-
ness of gender and age, concert and VR experience, interest in
the content/music) may have influenced the engagement with the
immersive experience.

6 Concluding remarks

In terms of design implications, and rather than pointing toward
a single optimal interface, the findings suggest design approaches
that acknowledge modality-specific strengths while supporting co-
herent experiential goals across devices. Key considerations include
the need:

e to treat spatial audio as a core experiential component (lo-
calization, separation, coherent response to movement).

o forinteraction design supporting different experiential strengths

(multi-modal or hybrid approaches matching user goals and
context).

e to enable multiple spatial perspectives to enhance flexibility
and user agency over viewpoint.

o for human-centric design grounded in participants’ experi-
ences, expectations, to ensure that immersive systems adapt
to human capabilities and limitations, rather than requiring
users to adjust to technological constraints.

Our follow-up work addresses the identified limitations to support
more inclusive, spatial audio-based musical experiences.
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