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Abstract—Virtual Reality (VR) concerts using spatial audio
offer novel, compelling and immersive ways of experiencing
music performances that move far beyond the realms of existing
streaming delivery. Evaluating users’ sense of presence and im-
mersion remains at the centre of research in virtual environments
in general. These evaluations can influence the development of
VR experiences when implementing a co-design or user-centred
design approach. This design implementation can produce more
accessible, enjoyable, and impactful experiences. In this paper, we
summarise the development of an existing VR concert experience
in the Irish music tradition and propose a survey that investigates
and evaluates it from a presence perspective. Our methodology
is outlined, and the results show the positive impact of immersive
audio design factors on the subjective experience and sense of
presence felt by the participants.

I. INTRODUCTION

The advent of virtual reality (VR) has significantly expanded
the ways in which people experience all forms of media,
including film - or so-called “Cinematic Virtual Reality”
(CVR) - [1], [2], interactive games [3]–[5] (particularly serious
games [6], [7]) and music [8]–[10]. VR concerts, in particular,
offer audiences the ability to experience musical performances
from the comfort of their own homes while feeling immersed
in a three-dimensional, interactive environment that can sig-
nificantly exceed the experience of conventional streaming
platforms such as YouTube.

In light of the COVID-19 pandemic, which prompted a
surge in the popularity1 of online concerts [11], VR has
emerged as a promising solution to maintain the social and
emotional elements of live performance in a virtual medium.
In the post-pandemic era, the importance of immersive virtual
concerts remains strong and offers an inclusive and accessible
experience for many who remain excluded or are challenged
in their attendance of live performances due to disability,
geography, age, or financial constraints.

Immersive technologies also play an important role in the
digital preservation and revitalisation of tangible and intan-
gible cultural heritage [12], [13]. Ireland boasts a rich and
diverse cultural heritage [14] that includes pre-Christian Celtic
sites, arts and crafts; literature in both Irish and English
languages [15], [16] and ancient Gaelic games. Irish traditional
music is famed worldwide and recognised through several

1In the authors’ institute alone 400 streaming concerts were produced
during the height of the pandemic in 2020-2022

UNESCO designations for its indigenous instruments [17],
[18] with the Celtic harp being the official emblem since the
establishment of the Irish free state in 1922.

Situating our practice in the context of the cultural and
societal opportunities afforded by immersive technologies, in
2023 we designed, developed and presented a VR experience
that allowed users to enjoy several performances of music
in the Irish tradition [anonymised]. The experience further
allowed the participants to virtually move between several
well-known and iconic cultural institutions in Ireland, with the
recreation of the sonic profile and unique acoustical properties
of those spaces adjusting appropriately.

Following refinement of the experience based on informal
feedback from our users, in this paper we offer a formal
quantitative evaluation of the system and its performance,
approaching it from a presence perspective. The paper is
structured as follows. In II, we define and summarise the
phenomenon of presence and examine its influence in the
context of musically focussed VR experiences. Section III
expands on the technical implementation of Réaltacht in more
detail. Section IV details the experimental methodology, and
the paper concludes with the results and discussion.

II. PRESENCE

Witmer and Singer introduced their presence questionnaire
in 1998 [19], in order to assess the level of immersion, or
presence, of a user in a Virtual Environment (VE). Since
then, this approach has been used to evaluate the presence
of video games, virtual 3D media, educational, and medical
training applications. These presence questionnaires quantify
the subjective immersive experience through a Likert scale-
based system categorised by control, sensory, distraction and
realism factors. This method of testing virtual environments
has been at the centre of virtual environment testing for the
past few decades [20] [21].

The presence questionnaire confines the user to answer only
on scale rating, which does apply consistency to the subjective
immersive experience but restricts the user from expressing a
more complex opinion. This has been adjusted in the Réaltacht
questionnaire by adding open-ended questions at the end of
each section. These questions are used to acquire a unique
perspective of the virtual experience. Presence questionnaires
do not have a reference guide to compare one experiment



Fig. 1. Green Screen Recording (top) and final VR render (bottom) in the Corner House venue

to another based on presence responses and each presence
questionnaire is unique to that individual experiment [22].
Analysing subjective experiences and behaviours allows for
broad varied answers and large outliers. This can be due
to varied life experiences and varied levels of expertise in
the subjective environment [23]. This paper aims to highlight
aspects of the VR concert experience that may affect a user’s
sense of presence.

Measuring presence has been used previously in the evalu-
ation of virtual music concert experiences [24]. This analysis
of presence in virtual concert settings is evident in the work
by Aguilar et al, and Onderdjik et al [25] [26]. These papers
explore what aspects of a virtual concert effect the user’s
sense of presence in fully rendered 3D environments and 360°
concert videos. Quantative techniques for the analysis of VE
subjective experience is seen in previous studies exploring
theatre productions, [27] [28] and concerts [29].

III. THE Réaltacht VR CONCERT EXPERIENCE

Réaltacht derives its name from the Irish word for ‘real-
ity’ and is a VR concert experience that presents a virtual
performance of fiddle music in the Irish tradition at several
iconic cultural institutes in Ireland, including a traditional pub,
an historic church converted into a performance venue and
Siamsa Tı́re, Ireland’s National Folk Theatre. The technical
implementation is described extensively in the author’ previous

published paper, [anonymised] but we summarise the key
aspects briefly.

Three performances of traditional Irish tunes were recorded
by the author’s institute traditional music ensemble Bruach
in a green screen studio environment using an Insta360 Pro
2 360° VR camera and close miking of the fiddle bodies.
We then visited each of the cultural venues and captured
the locations visually once again using the 360° camera. The
acoustic characteristics were captured sonically by recording
the responses of swept sine impulses to get a snapshot of the
reverberant space. In the final VR experience, the user is able
to transport themselves to any of the three venues and the
audiovisual experience changes in real-time, as suggested by
Figure 1.

360° visuals were coupled with the recordings and impulse
responses in the Unity Game Engine, a cross-platform game
development engine popular with indie and smaller-scale de-
velopers [30]. Unity’s built-in support for 3D spatial audio was
used to virtually position the sounds in space corresponding
to their position in the 3D visual scene. These sounds are
mixed with the reverberant characteristics of the space using
convolution with the impulse responses. The final prototype
was rendered and uploaded to the MetaQuest 2 headset using
an APK loader for full VR testing using headtracking.

During the development process, multiple different plat-
forms were explored, including the no-code solution 3DVista.



TABLE I
CATEGORIES AND VARIABLE KEYS OF LIKERT ITEMS

Category Key Question

Profile
P-1 How often would you play video games?
P-2 If you answered yes, how often would you

use VR?
P-3 If yes, how severe were these side effects?

Controls C-1 How intuitive was the interaction and con-
trols to you?

Presence-Realism

PR-1 How emotionally invested in the experience
were you?

PR-2 How strong was your sense of presence,
“being there”, in the virtual environment?

PR-3 How much did your sense of presence
change during the experience?

PR-4 How realistic did the virtual world appear
to you?

Sound
S-1 How realistically did the sound sources in-

teract with you as you navigated the virtual
environment?

S-2 To what degree did the sound sources in the
virtual room appear to come from specific
locations?

S-3 During the time of the experience, did you
often think to yourself that you were in a
concert space?

This popular 3D rendering toolkit is frequently used for gen-
erating interactive tours of housing properties or 3D scanned
landscapes to show potential clients. Although visually com-
pelling and useful for rapid prototyping, we discovered that
the audio capabilities are limited and restricted to static stereo
recordings only, rather than the full rotational localisation
offered by the Unity game engine, a limitation subsequently
observed by others [31].

The first iteration of Réaltacht was demonstrated to more
than 80 staff and students at 4 different campuses of the
authors’ institute during a month-long programme of events
celebrating innovative projects and collaboration. Feedback
and responses were largely encouraging and positive, motivat-
ing us to develop the formal experimental instrument described
in this letter in an effort to understand the impact of immersive
audio on presence in VR experiences.

IV. METHODOLOGY

To evaluate the effect of immersive audio on the phe-
nomenon of presence in our VR concert, we designed an ex-
periment to gauge participants’ response. This was achieved by
conducting a 20-minute session with 35 participants, allowing
them to freely interact with the experience, followed by a brief
online questionnaire in Google Forms.

A. Experimental Design and Pilot

As discussed in Section II, our instrument builds on the
conceptual framework of the presence questionnaire first in-
troduced by Wittmer and Singer, expanded to include specific
questions that probe the role and influence of audio (if any).
The questionnaire also had the opportunity for personal user
feedback through several open-ended questions. This allowed

Fig. 2. Age Distribution of Sample

Fig. 3. Responses to Binary Profile Questions

the user to justify their rating, provide clarity, or elaborate on
aspects of the test. The Likert questions used are summarised
in Table I.

After conducting our literature review and collating our
initial question bank, we summarised our plans for the in-
stitute’s ethics committee, taking care to highlight the specific
potential risks and side effects associated with immersive
technologies, such as nausea, motion sickness and vertigo [32].
With successful receipt of ethical approval,2 we were clear
to proceed with an initial pilot survey of a small number
of colleagues to evaluate the experimental design and data
collection process.

The participants’ well-being was of high importance during
the experimentation process. Each participant was briefed
regarding the purpose of the data collection and that they could
withdraw during the experimentation process, even after the
completion of the experiment. They were reassured that all
collected data would be anonymised, and that the analysed
data can potentially be referenced in scientific publications.

The pilot survey seemed to be an effective experience for
both the researcher and tester. One alteration made to the
pilot questionnaire experience was to increase time between
experiments to allow for any potential delays.

2Approval reference: HREC-FER-23-004




