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Abstract

This study investigated the reliability of a virtual reality-simulated classroom to generate a comparable self-perception of
voice quality and acoustic effects of phonation to a real classroom in a group of teachers, and sense of presence. Thirty uni-
versity professors participated in the study and were required to produce loud connected speech by reading a 100-word text in
two conditions: (1) in a real classroom including a group of students, and (2) in a virtual replica of the classroom consisting
of a 360-degree video of the same classroom and students, which was displayed using a head mounted display. Ambient noise
was controlled in both conditions by playing classroom noise through headphones. The self-perception of voice quality, the
long-term average spectrum and smooth cepstral peak prominence were estimated in both conditions. The sense of presence
generated by virtual reality was measured after interacting with the virtual classroom. There were no statistically significant
differences in the self-perception of voice quality or in the acoustic measures of voice production between conditions. The
sense of presence in the virtual classroom was high. Our findings suggest that a virtual reality-simulated classroom gener-
ate comparable self-perception of voice quality and acoustic effects of phonation to the real classroom, and a high sense
of presence, in a group of teachers. Additionally, it is important to highlight the potential of virtual reality to enhance the
ecological validity of acoustic assessment of voice production in laboratories and clinical settings.

Keywords Virtual reality - Voice assessment - Acoustic analysis - Ecological validity

1 Introduction

Voice disorders, also referred as dysphonia, are very com-
mon in teachers, due to their work activity. While the prev-
alence of dysphonia in the general population have been
reported to range from 6 to 15%, the prevalence in teachers
can reach between 20 and 50% (Mattiske et al. 1998; Roy
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et al. 2004). Compared to the general population, teachers
show more symptoms of dysphonia, such as hoarseness or
vocal fatigue, and have nearly 6 times more work absences
related to these disorders (Behlau et al. 2014; Castillo et al.
2015; Roy et al. 2004). Several studies have investigated how
teachers use their voice in the classroom setting, concluding
that they are more prone to develop vocal pathologies due
to prolonged use of their voice (Vilkman 2000), poor work-
ing conditions, such as increased background noise, poor
climate conditions, and absence of rest (Cantor-Cutiva et al.
2013; Durup et al. 2017; Kankare et al. 2011; Rantala et al.
2015; Vilkman 2000), low vocal hygiene awareness (Bolbol
et al. 2017) and lack of vocal training (Iloméki et al. 2005).
These characteristics lead to symptoms associated with
vocal discomfort and fatigue (Kankare et al. 2011). Teach-
ers in noisy classrooms tend to increase vocal intensity, lead-
ing to augmented phonatory effort and self-perceived tense
voice (Abo-Hasseba et al. 2017; Hunter et al. 2020; Lauk-
kanen et al. 2008; Laukkanen and Kankare 2006; Phadke
et al. 2019; Rantala et al. 1998; Sodersten et al. 2002).
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The alterations of voice production in response to the envi-
ronmental conditions and potential emotional consequences
associated with dysphonia, including mood and anxiety dis-
orders (Da Rocha and De Mattos Souza 2013) support the
need for an accurate assessment and treatment of voice pro-
duction in teachers. Voice evaluation is conducted by speech
and language pathologists, as well as otorhinolaryngologists
and other related professionals, to determine the causes and
consequences of the vocal disorder. Assessments usually
include functional examination using auditory-perceptual
voice examination that can be complemented with inter-
views and self-report questionnaires, acoustic voice analy-
sis, aerodynamic measurements of voice, laryngeal imaging
examination and electroglottographic measurements, which
all provide complementary information for a comprehensive
assessment of voice production (Roy et al. 2013). Although
a great part of the most common assessment procedures
have shown acceptable validity and reliability and are easy
to administer and not time-consuming, the majority of the
functional assessment instruments that attempt to measure
vocal behavior in daily life, such as the Voice Handicap
Index (Jacobson et al. 1997), the Voice-related Quality of
Life (Hogikyan and Sethuraman 1999) or the Voice Symp-
tom Scale (Deary et al. 2003), are based on self-reported
data (Roy et al. 2013), which can sometimes have limited
accuracy and be biased (Chang and Karnell 2004). Interest-
ingly, subjective voice tests and objective laboratory tests
can show different results (Hanschmann et al. 2011; Hum-
mel et al. 2010; Woisard et al. 2007). While objective voice
assessment instruments can overcome these limitations, they
are almost exclusively used (when available) in laboratories
or in the clinical setting, which may not adequately match
the factors of the environments that originate the dyspho-
nia (Bottalico et al. 2018), e.g. a classroom in the case of
teachers, thus limiting the ecological validity of the assess-
ment. Portable dosimeters, equipped with microphones and
accelerometers attached to the neck, allow for measuring the
fundamental frequency and intensity of the voice with the
goal of estimating vocal load in any environment (Popolo
et al. 2002). However, their accuracy has been shown to be
limited (Bottalico et al. 2018).

Virtual reality (VR) enables the simulation of an environ-
ment or activity through real-time multisensory stimulation
and real-time user interaction and exploration (Bermudez i
Badia et al. 2016), which facilitates the sense of presence or
‘being there’ in a virtual environment that replaces the physical
world (Lombard and Ditton 1997). VR has the ability to recre-
ate safe, ecologically valid, and individualized environments
while registering and objectively measuring behavior and
performance within the virtual world. These characteristics
have motivated the use of VR in clinical, affective, and social
neurosciences (Navarro et al. 2013; Parsons 2015). Although
these features have the potential to enable investigation of
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voice production in ecological valid environments, the appli-
cation of VR to speech and voice therapy is scant (Bryant et al.
2020). An immediate improvement in voice measurements has
been detected in individuals with Parkinson's disease using
VR (Cruz et al. 2020) and its use has also demonstrated posi-
tive effects and reduced anxiety for subjects who speak in
public (Takac et al. 2019). Remacle et al. (2021) investigated
the vocal behavior of a group of 30 female primary school
teachers while talking to an experimenter, while teaching in
a real classroom, and while teaching in an immersive virtual
classroom, which consisted of 16 virtual non-realistic students
animated with typical childlike actions, displayed through a
head mounted display. Their results indicated that the par-
ticipants significantly increased the frequency, intensity, and
duration of their voice pauses while teaching, either in a real
or a virtual classroom, in comparison to during the conversa-
tion with the experimenter. Although these findings provide
preliminary evidence of the potential of virtual environments
to produce comparable demands to real environments, the
voice recordings were made in an environment with ambient
noise and the lessons in the real and in the virtual classroom
were improvised, so vocal emission was not controlled. These
limitations therefore prevent analyzing the voice spectrum or
voice disturbances isolated from the room noise and perform-
ing long-term average spectrum analysis, cepstral analysis or
perturbation measurements, which require adequate and com-
parable recording conditions.

Despite the limitations, this preliminary report highlighted
the potential of VR to generate ecologically valid environ-
ments, such as classrooms for teachers, to investigate voice
production and objectively measure vocal behavior. Addition-
ally, virtual classrooms have been shown to elicit a satisfactory
sense of presence (Reeves et al. 2021; Takac et al. 2019). The
purpose of present study was: (1) to investigate the reliability
of a virtual classroom to generate comparable acoustic char-
acteristics of voice and self-perceived voice quality to a real
classroom in a group of teachers; and (2) to investigate the
sense of presence perceived by the teachers while being in
the virtual classroom. We hypothesized that VR can generate
a plausible and immersive ecologically valid classroom that
evokes comparable demands of voice production to real envi-
ronments, which would be reflected in comparable acoustic
characteristics of voice and high sense of presence.

2 Method
2.1 Participants

A convenience sample of teachers was recruited from
the faculty of Health School of the Catholic University
of Temuco. The participation criteria were, first, to work
as a teacher; second, to have a teaching load of 10 h or



Virtual Reality (2024) 28:89

Page3of 10 89

more per week in classes that require vocal use; and third,
to show at least one symptom of dysphonia on the Voice
Symptom Scale (Deary et al. 2003).

Thirty university professors, 19 woman and 11 men,
participated in this study. Participants had a mean age
of 37.1 +£6.6 years, which ranged from 28 to 52 years.
Participants had an average teaching experience of
9.5 +4.5 years of teaching, using loud voice for an aver-
age of 12.7 +5.8 h per week. Participants also reported
that they use their voice at conversational intensity for an
average of 32.0+21.3 h per week. Participants showed an
average of 21.8 symptoms of dysphonia, ranging from 5
to 42, in the Voice Symptom Scale (Table 1).

The study was accepted by the ethics committee of
Catholic University of Temuco ID N°J1-10928. All par-
ticipants gave their written informed consent prior to their
participation in the study.

2.2 Instrumentation

A Focusrite Scarlett 2i4 USB audio interface (Focusrite PLA
Inc., High Wycombe, UK) and an Audiotechnica model
AT2020 omnidirectional condenser microphone (Audiotech-
nica Inc., Tokio, Japan) were used to record audio samples
during the experiment and for the preparation of the auditory
stimuli. The recorded signals were digitized at a sampling rate
of 44.1 kHz and 16 bits. The Praat software (Boersma and
Weenink 2022), version 6.2.14, was used for all recordings.

A 5 min 360-degree video of a university classroom
with 8 students talking to each other was recorded using
a GoPro Max camera (GoPro Inc., San Mateo, CA, USA)
with a 4 K resolution (3840 x 2160) and 60 fps. The cam-
era was placed on a pedestal at a height of 170 cm (5'7"),
simulating the average height of the participants, with its
back to the blackboard pointing towards the students. The
microphone was placed 15 cm in front of the participant's
mouth, and the pedestal with the text was placed on the left
side of the image at 30 cm. Participants remained standing
during the experiment. The text was phonetically balanced
and consisted of 100 words (Martinez-Cifuentes et al.
2020), which took approximately 60 s to read. Finally, a
dedicated laptop and an audio interface, which was con-
nected to the microphone, were placed on a remote desk.
The students sat on the left side of the classroom (on the
right side from the participants' point of view) as the left
side was mostly hidden by the poster board with the text
(Fig. 1). The noise of the room was recorded using the
microphone.

The recorded video was displayed through a VR head-
mounted display, the Oculus Quest (Meta Platforms Inc.,
Menlo Park, CA, USA) with a video resolution of 4 K.

Table 1 Individual scores in the voice symptom scale

Participant ~ Functional =~ Emotional ~ Physical  Total [0-120]
[0-60] [0-32] [0-28]

1 14 1 21
2 9 2 3 14
3 5 2 13 20
4 6 1 3 10
5 1 9 20
6 13 3 4 21
7 13 0 6 19
8 14 1 6 23
9 2 0 5 7
10 19 2 16 38
11 17 0 17 34
12 15 0 22
13 10 0 5 15
14 0 0 1
15 25 0 16 42
16 12 0 14 26
17 23 1 17 41
18 14 1 13 28
19 11 0 5 16
20 12 1 10 24
21 16 0 12 28
22 17 2 9 29
23 11 0 3 14
24 3 0 8 11
25 7 0 4 11
26 21 4 9 36
27 10 4 9 24
28 5 0 15 20
29 12 4 4 21
30 0 0 3 4

Individual scores in the Functional, Emotional and Physical subscales
and total score of the Voice Symptom Scale

Auditory stimuli were played by a smartphone and pro-
vided by semi in-ear headphones, the Samsung EG920
(Samsung Inc., Seul, South Corea), with a flat 20 Hz—20 kHz
frequency response. These headphones allow for some sound
leakage around the ear canal, enabling the wearer to receive
auditory feedback while speaking.

2.3 Procedure

The experiment took place in the same classroom that was
used to record the 360-video. The room had no acoustic
treatment and the noise was kept below 45 dB SPL in all
conditions. An experimenter conducted and supervised all
the sessions.
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Fig. 1 Snapshot of the recorded 360-video from the participant’s point of view

Prior to the experiment, the participants were informed
about the objective of the study, signed the informed con-
sent, provided information about their age, sex, years of
teaching, hours using a projected voice per week, hours
using a conversational voice per week, and completed the
Voice Symptom Scale. Then, the experiment started.

Participants were required to stand in the platform of the
classroom, located where the camera was positioned dur-
ing the recording of the 360 video, and to read the same
text mentioned above from the poster board by projecting
their voice under two different conditions, a virtual class-
room (VR) and a real classroom (in-person), administered in
counterbalanced order (Fig. 2). In the VR condition, partici-
pants were equipped with the VR headset, which displayed
the recorded video of the real classroom, and read the text

Y. P S
FY ¥
1)

Virtual 360-
degree video

Virtual reality condition

directly from the video. In the in-person condition, partici-
pants performed the same procedure but in the real world.
The position of the elements (microphone, poster board with
the text, etc.) and the same 8 students who appeared in the
recording video remained the same in both conditions. The
students in the in-person condition simulated their actions
in the recorded video without making a sound, reproducing
similar mouth and hand movements but in silence. In both
conditions, a background conversation noise obtained while
recording the 360 video was played through the headphones
at an average of 60 dB SPL.

Consequently, in both conditions the participants saw the
microphone on a pedestal, the poster board with a printed
text on another pedestal, and the students talking while hear-
ing them murmuring.
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aseees

In person

In person condition

Fig.2 Experimental setting. Virtual reality condition (left) and In person condition (right)
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After reading the text in each condition, participants were
required to self-assess their voice quality. A 100-mm visual
analogue scale was used, where O indicated low voice quality
and 100 indicated high voice quality. After the VR condi-
tion participants additionally assessed the level of presence
elicited by the experience in the Slater-Usoh-Steed ques-
tionnaire (Usoh et al. 2000) and a shortened version of the
Presence Questionnaire (Witmer and Singer 1998), which
only included items 4, 5, 7, 8, 10, 12, 14, 15, 16, 19, 21, 23,
24, 25, and 26 of the original questionnaire. Both instru-
ments included items rated on a 7-point Likert scale, where
values ranging from 1 to 3 were considered as indicators of
absence of presence, values of 4 were considered as neutral,
and values 5 to 7 were considered as indicators of high sense
of presence.

Acoustic analysis of the voice recorded during the text
reading was performed with the Long-Term Average Spec-
trum, which provides information on the average energy
of the voice frequency spectrum range (Lofqvist and Man-
dersson 1987), and Cepstral Peak Prominence Smoothed
(CPPS), which represents the harmonic quality of the voice.

3 Data analysis
3.1 Acoustic analysis

A 100 Hz bandwidth and a Hanning window were used for
each recording. Prior to the Long-Term Average Spectrum
analysis, the non-speech audio portions were removed from
the audio recordings.

The Long-Term Average Spectrum analysis included
(1) the L1-LO ratio, which represents the difference in
sound pressure between the F1 (300—800 Hz) and the FO
(50-300 Hz); (2) the alpha ratio, which represents the sound
level difference between 50—-1000 Hz and 1000-5000 Hz;
and (3) the 1/5-5/8 ratio, which represents the sound level
difference between 1000-5000 Hz and 5000-8000 Hz. The
L1-LO ratio has been associated with the degree of glottic
adduction. Hypoadduced voices have been shown to have a
strong LO (or strong sound level of FO) and a low L1 (low
sound level of F1), while voices with high glottic adduc-
tion have been shown to have a weak LO and a strong L1
(Kitzing 1986). The Alpha Ratio represents the general spec-
tral curve, which has been shown to depend on the type of

phonation (degree of vocal fold adduction), being higher in
hyperfunctional voices (Laukkanen et al. 2008). The 1/5-5/8
ratio has been associated to the level of breathiness noise
in the voice, being lower in people with less breathiness in
phonation (Hammarberg et al. 1980).

With regards to the CPPS analysis, high values have been
associated with a voice with less loss of spectral energy and
absence of dysphonia (Maryn and Weenink 2015; Murton
et al. 2020). On the contrary, low values have been associ-
ated with worse spectral energy, worse vocal quality and a
higher degree of dysphonia.

All acoustic analysis was conducted using Praat software,
version 6.2.14.

3.2 Statistical analysis

Normality of the data was tested with the Shapiro Wilks test.
All the measures but the L1-L.O showed a normal distribu-
tion, thus parametric statistics were used.

Differences in the measures of self-assessed voice qual-
ity and acoustic analysis obtained in the VR condition and
in-person condition were investigated using Student's t-tests.

The o level was set at 0.05 for all analyses (two-sided).
Statistical analyses were performed using SPSS version 25
(IBM, Armonk, NY, USA).

4 Results
4.1 Voice quality

Participants rated their vocal quality in the in-person condi-
tion with a mean of 76.6 + 15.8 over 100, and in the VR con-
dition of 71.2+15.9. No statistical differences were found
between conditions in the self-assessment of voice quality
(#(29)=2.00, p=0.054), although there was a trend towards
significance.

4.2 Acoustic measures
No statistically significant differences were found in the

measurements of the L1-L0 ratio, the alpha ratio, the 1/5-5/8
ratio, or the CPPS between conditions (Table 2).

Table2 Acoustic measures
obtained during the virtual

Measure

Virtual reality condition

In-person condition Significance

reality condition and the in LI-LO ratio (dB SPL) 1.38+2.69, 1.67+3.02 #29)=0.79, p=0.43
person condition .
Alpha ratio (dB SPL) —15.60+2,64 —15.80+2.69 #29)=—0.77, p=0.44
1/5-5/8 ratio (dB SPL) —15.86+3.48 —16.07 £3.60 #29)=—0.62, p=0.53
CPPS (dB SPL) 8.42+0.73 8.41+0.87 #29)=—0.10, p=0.91
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4.3 Sense of presence

Participants experienced a high sense of presence in the vir-
tual classroom, as reflected by scores of 5.6 + 1.2 over 7 and
5.28 + 1.3 over 7 in both the Slater-Usoh-Steed question-
naire and the modified version of the Presence Question-
naire, respectively.

Results in the Presence Questionnaire showed that audi-
tory presence (questions 4, 14 and 15 of the original instru-
ment) achieved the highest score with an average score of
6.1 +0.8 over 7, and visual presence (questions 5, 10 and 12)
was rated with an average score of 5.56+ 1.3 over 7. These
values proved that audiovisual stimulation was successful
at delivering a reliable perception of being in the virtual
classroom, and was also supported by self-reports of having
been inside the virtual world (question 16), which was rated
with an average score of 5.80+ 1.3 over 7, and having been
immersed in the experience (question 23), which was rated
with an average score of 5.66 + 1.3 over 7. Participants also
reported to have been focused on the reading task (question
25), with an average score of 5.96+ 1.1 over 7, and not being
distracted during the experience (question 24), with an aver-
age score of 2.1+ 1.3 over 7.

5 Discussion

This study investigated the reliability of a VR-simulated
classroom to generate acoustic effects of phonation in com-
parison to a real classroom and sense of presence in a group
of teachers. Our results indicated that teachers had compa-
rable self-perception of voice quality and comparable acous-
tic measures, including the L1-L0 ratio, the alpha ratio, the
1/5-5/8 ratio, and the CPPS, and a high sense of presence
in the virtual classroom. These findings evidence the poten-
tial of VR to generate ecologically valid environments that
could allow for objective and accurate acoustic assessment
of voice production during real-life activities in laboratories
and clinical settings.

Our results of self-reported voice quality are supported
by previous studies that also used a visual analog scale to
investigate this construct in subjects with functional dyspho-
nia, which reported values that ranged from 75 to 80 (Fri-
sancho et al. 2020; Guzman et al. 2017), consistent with our
findings. Although the self-reports of voice quality in both
conditions were comparable, there was a tendency towards
significance that might suggest a tendency of the partici-
pants to feel higher voice quality in the in-person condition
compared to the VR condition. In spite of the fact that good
correlations have been found between self-perceived voice
features measured using a visual analogue scale and acoustic
measures of the voice (Castillo-Allendes et al. 2022), self-
perceived measures of voice features have been suggested as
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being less reliable than acoustic measures (Park and Stepp
2019).

The results in the acoustic measures of our study are
analogously supported by previous studies with similar
objectives and procedures. First, the values of the L1-L0
ratio found in our study are in line with a previous study
by Master et al (2008), which reported increasing values of
the measure with the strength of the vocal intensity. Spe-
cifically, authors found L1-LO values of 0.45 for conver-
sational vocal intensity, 2.8 for moderate intensity, and 3.3
for strong vocal intensity. Our results are consistent with
those values, and suggest that participants used a moderate
vocal intensity during the text reading in both environments.
Interestingly, previous research has showed an increase in
the L1-LO ratio after phonatory effort in teachers (Lauk-
kanen et al. 2004), which has also been correlated with a
low level of voice breathiness (Laukkanen et al. 2001, 2004).
Second, the values of the alpha ratio found in our study are
comparable to those found by Rantala et al. (2015) in teach-
ers. The authors found a mean value of —15.20+2.06 in
the alpha ratio values measured with a text reading sample
after teaching classes in noisy environments, such as noise
from electronic devices together with the noise produced
by students in a classroom. In their study, Rantala et al. also
concluded that the alpha ratio decreased as more vocal effort
was demanded, and argued that this effect can be associ-
ated with a hypokinetic voice, probably related to the vocal
fatigue caused by the vocal load after a day of teaching. It is
expected that this effect is limited or does not even occur in
less noisy environments, where vocal production becomes
more hyperfunctional (Laukkanen et al. 2008). Third, the
value of the 1/5-5/8 ratio found in our study is consistent
with that of a previous study that investigated the emission
of voice in anger (Guzman et al. 2013). The authors found an
average value of the 1/5-5/8 ratio of — 13.04 +3.80, which is
very similar to our findings. The use of both an angry voice
and a projected voice might require a comparable increased
intensity and decreased air output, in comparison to a neutral
conversational voice. Finally, some studies have shown that
the use of a projected voice in the classroom is reflected by
increased CPPS values. The studies by Maryn and Weenink
(2015) and Phadke et al (2020) reported comparable CPPS
values of 11.66+2.68 and 11.4+ 1.4, respectively, which are
higher than that found in our study. The differences in the
results might be related to a different distance to the micro-
phone (15 cm in our study and 6 cm in previous studies). It is
important to consider that CPPS values can be influenced by
the type of phonatory task. Higher CPPS values have been
reported at higher vocal intensity (Brockmann-Bauser et al
2021), which could be a relevant factor to consider in future
research that compare different phonatory tasks.

The comparable acoustic measures of voice production in
the virtual classroom and the real classroom in our study are
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supported by Remacle et al (2021), who reported that giv-
ing a lecture of a self-preferred topic to computer-generated
virtual students elicited similar vocal emissions to those in
a real classroom. In contrast to their study, our experiment
required participants to read a text, which controlled for the
type of vocal emission, used headphones to provide auditory
stimulation, which controlled for the noise level, and used
real students who replicated the same behavior in both con-
ditions, which controlled for the visual stimulation. These
conditions allowed for a reliable comparison between con-
ditions and, additionally, analyzing the Long-Term Average
Spectrum, which enabled investigating the vocal intensity
used in the different frequencies of the vocal spectrum and
not only in the fundamental frequency. The absence of dif-
ferences in the measures of the Long-Term Average Spec-
trum and the CPPS in both the VR and in-person condition,
which is supported by the comparable self-perceived voice
quality in both conditions, evidence that VR can potentially
simulate ecologically valid environments that require com-
parable demands of voice production to real classrooms.
This is particularly relevant for the assessment of voice
production in case of occupational dysphonia, as the con-
ditions that require increased vocal demands are not com-
monly present in the environment where the assessment is
conducted, which potentially limits the extrapolation of the
findings and the validity of the measures (Gonzilez-Gamboa
et al. 2022). Franzen and Wilhelm (1996) defined ecological
validity according to truthfulness, the extent to which the
performance on the assessments predicts the performance
on the activities of interest; and plausibility, the extent to
which measures have similar requirements to those required
in the activities of interest. Furthermore, Zaki and Ochsner
(2009) investigated critical differences between laboratory
and real life situations and suggested that ecologically valid
assessments should include multisensory stimuli (visual,
auditory, linguistic, etc.) that must be provided as they occur
in the activity of interest, and contextual environments that
allow for emotional interpretation of the situation. VR can
simulate real-life activities and provide controlled real time
audiovisual stimuli consistent with real-life environments,
which grants the ability to generate ecologically valid envi-
ronments. This feature has motivated the use of VR to facili-
tate the clinical assessment of abilities or behaviors that are
associated to specific contexts (Navarro et al. 2013; Parsons
2015). A recent study by Dasdogen et al (2023) investigated
the effects of visual, auditory, and audiovisual stimulation
in VR classrooms varying in noise and size. Their findings
revealed that multimodal stimulation, combining visual and
auditory stimulation, elicited distinct vocal effects com-
pared to individual modalities, with participants exhibiting
decreased vocal loudness and effort, and increased vocal
comfort. These findings support the use of multimodal

stimulation to achieve ecologically valid contextualization
of environments relevant to voice users.

The high values of presence found in this study are in line
with the results of vocal behavior, as participants reported to
have experienced a strong sense of being in the virtual class-
room, which could have motivated a comparable behavior
to that in the real classroom. These results are supported by
previous studies that investigated the sense of presence in
teachers while exploring 360-videos of a classroom through
a head-mounted display (Ferdig and Kosko 2020; Gandolfi
et al. 2021). All these findings support the ability of immer-
sive videos to elicit a successful sense of being in a class-
room with the advantage of not having to be physically in
the environment.

Although this study highlights the potential application
of VR to the assessment of voice production, future appli-
cations of this technology should consider the attitude of
speech therapists towards the use of VR in clinical settings.
Vaezipur et al. (2022) reported that speech therapists have a
positive attitude towards this type of technologies. In their
study, speech therapists valued the ability of VR to generate
realistic environments where patients can train speech and
language skills. Importantly, Bryant et al (2022) discusses
the ethical implications of using VR. The authors highlight
the need to generate virtual environments that recreate
real scenarios that respect the disability situation through
empathy. Along these lines, the authors suggest that VR
applications should be co-designed by patients and special-
ized clinical professionals to reduce the risks of unethical
designs. For example, in the area of voice, Smith et al (2023)
concluded that the use of VR would allow for the creation
of safe environments for voice training, where people can
make mistakes with less negative consequences. Brassel et al
(2023) delves into the ethical aspects associated with the use
of VR in individuals with functional impairments after a
traumatic brain injury, and identify several factors that may
limit the use of VR in people with visual, cognitive, sensory
or physical disabilities. Additionally, the authors suggest that
the design of VR applications should consider minimizing
side effects such as dizziness or anxiety. All these challenges
should be addressed to facilitate the clinical integration of
VR into the clinical practice of speech therapists.

The limitations of this study should be taken into account
when analyzing the results. First, the characteristics of the
class, such as the number of students, the ambient noise,
and the projected voice phonatory task, may not be repre-
sentative of other contexts and, consequently, extrapolation
of the results should be done with caution. Second, all the
participants had at least one symptom of dysphonia. Conse-
quently, the results of the experiment in people without any
voice impairment is unknown. Third, participants did not
embody a virtual avatar in the virtual classroom, which some
participants perceived as being "floating". Although this is
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expected to limit the sense of embodiment and presence in
the virtual environment (Ventura et al. 2022), our results
evidenced a high sense of presence. The effect that this limi-
tation may have on vocal production is unknown. Fourth, the
interaction with the virtual environment was limited, as the
recorded 360 video did not allow for interactive communi-
cation with the students, and the text to read was not very
representative of a teaching lesson, as it corresponded to a
standard text used for voice evaluation. Fifth, although read-
ing a standardized text helped to generate comparable audio
data among participants, it does not accurately represent the
task of giving a lecture, which might involve more complex
cognitive mechanisms. This limitation should be considered
when extrapolating the results. Finally, we did not control
for the attention driven towards the text or to the rest of
the environment. Consequently, the effects of attention to
different parts of the environment on the sense of presence
and vocal production is unknown. This could have affected
the subjects' perception of the activity, and therefore their
experience within the experiment.

However, our findings suggest that a 360-video of a class-
room can generate comparable self-perceived voice qual-
ity and acoustic phonation effects to a real class, together
with high levels of presence in the virtual classroom. This
reveals the potential of VR to improve the ecological valid-
ity of voice assessment, which is conventionally performed
through self-reports that can be biased and have limited
accuracy. The acoustic analysis of voice production is com-
monly restricted to dedicated laboratories and clinical set-
tings, which might fail to simulate the conditions where
the voice is challenged. VR can overcome the difficulties
at conducting instrumented assessment of voice production
in real environments, by simulating the conditions of real
environments in the laboratory or clinical setting with high
levels of presence. This enables investigating a series of
variables that are difficult to measure in uncontrolled envi-
ronments, such as the spectral curve, the spectrogram, long-
term average spectrum measurements, the use of formants
in speech, measures derived from cepstrum, among others.
This analysis can enhance the assessment of ecological vocal
use and the degree of functional alterations in the daily life
of people with dysphonia. In conclusion, the combined used
of acoustic measures of voice production and interaction in
ecologically valid environments could improve the accuracy
and objectiveness of voice assessment.

6 Conclusions

A VR-simulated classroom, consisting of a recorded 360
video of a real classroom, could generate comparable self-
perception of voice quality and acoustic effects of phonation
to the real classroom, and a high sense of presence, in a

@ Springer

group of teachers. These findings highlight the potential of
VR to improve the ecological validity of acoustic assessment
of voice production in laboratories and clinical settings.
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