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Introduction

As part of the AUDICTIVE priority program, the overall
objective of the ECoClass-VR project is to investigate
the cognitive behavior of children in virtual, but close to
real-life settings. In the first stage of this project, three
validated paradigms focusing on different aspects of
auditory cognition are examined and extended towards
using virtual reality (VR). The paradigm presented in
this paper is concerned with the intentional switching of
auditory selective attention. Although auditory selective
attention (ASA) has been thoroughly investigated in
previous work, the influence of audiovisual represen-
tations and virtual reality on cognitive performance
is of great interest. Therefore, this study presents an
audiovisual, child-appropriate approach for investigating
the intentional switching of auditory selective attention
in a virtual classroom setting using a head-mounted
display (HMD).

Selective Attention

Auditory selective attention is a phenomenon that
occurs in everyday life without people taking special
notice of it. The most popular description of it is
known as the cocktail party phenomenon, which was first
described by Cherry in 1953 [1]. In these observations
on ASA, adult participants were not only able to focus
their attention on one specific auditory stimulus within
a noisy condition, but the unattended stimuli also
were ignored or close to not processed. Therefore, the
distracting stimuli could rarely be reported unless it
contained relevant information for the participant, such
as their names. Much research has been dedicated to this
topic using simple listening situations, where different
stimuli are presented to both ears simultaneously [2, 3].
A previous version of the paradigm presented in this
study was developed using a dichotic presentation [4],
but has been adapted for binaural presentation [5]. A
more recent study transferred the same paradigm into a
child-appropriate version [6] which is the basis for the
present study.

While the described findings hold true for adults, chil-
dren face more difficulties performing selective attention
tasks. One of the first studies reporting a developmental
change in auditory selective attention was presented
by Doyle in 1973 [7]. The study suggests that younger
children may be able to focus on the target and the

distracting sound source, but cannot distinguish between
them as well as older children. An example she gives is
the reporting of the word ”sister” when the target and
distractor word are ”center” and ”whistle”. Therefore,
she hypothesized that younger children retain more of
the distracting source and less of the target source than
older children. These hypotheses were confirmed in an
experiment with children of the age groups 8, 11 and 14
years. The results revealed a linear trend indicating that
the ability to focus one’s attention grows with age [7].
While the previously described study only finds general
developmental differences, other studies suggest that the
auditory selective attention of children already reaches
an adult-like level at the age of 8-11 years [7, 8].

Figure 1: Computer generated virtual classroom.

Virtual Classrooms in Research

When investigating children, it is of great importance
that the paradigm is suitable for children. Addition-
ally, the equipment needs to be selected with respect to
the target group, as some commercial head-mounted dis-
plays, such as those from Oculus, have age restrictions
for children younger than 13 years [9]. However, there
have been other studies using virtual classroom environ-
ments such as the Virtual Classroom by Rizzo et al. [11]
which has been developed for the assessment of ADHD.
Using the eMagin z800 HMD, Coleman et al. [12] were
able to test children aged between 6 and 13 years in this
virtual classroom setting. There is currently no limita-
tion for the HTC Vive Pro Eye HMD which is used in the
present study. A recent study aiming at understanding
the visual attention in a virtual classroom setting used
this HMD with children at the age of 10-13 years [10].

1340



Feedback

\l,
Button press N
A
Stimulus l '

DAGA 2021 Wien

Reaction Time = ?
Error Rate = ?

Figure 2: Structure of one trial during the experiment.

Method

The aim of this study is to derive and validate a new
audiovisual paradigm, which takes place in a virtual
classroom setting. Therefore, the previously validated
paradigm [6], investigating the intentional switching of
auditory selective attention in children, was transferred
into a VR setting.

Participants

A pre-study was conducted with 10 adults (age: 21-35
years, mean = 26.3 years, SD = 3.63 years, 5 female).
This age group was chosen to obtain first insights on the
feasibility of the proposed paradigm. Inclusion criteria
were German speaking, normal hearing abilities (within
25 dB[HL] - pure tone audiometry), normal or corrected
to normal vision (20/30 Snellen chart) and normal color
vision according to Ishihara color charts. None of the
volunteers had participated in a listening experiment on
auditory selective attention before. Informed consent
was obtained from all participants before the experiment.

Reproduction

The binaural sound reproduction was realized using
Sennheiser HD650 headphones in an acoustically opti-
mized hearing booth. The dynamic sound reproduction
was implemented using the Virtual Acoustics (VA) inte-
gration for Unity, developed at the Institute for Hearing
Technology and Acoustics [13].  Non-individualized
head-related transfer functions were applied and individ-
ual headphone transfer function equalization was done.
Stimulus material consisted of eight German animal
names (flying: "bee”, ”duck”, "owl”, ?dove”; non-flying:
”snake”, "rat”, ”seal”, ”cat”), which were spoken by a
female adult (24 years old) and a male child (5 years
old).

An HTC Vive Pro Eye HMD was used for visual
reproduction. The virtual classroom model with typical

measures as shown in Figure 1 was created in SketchUp
Make 2016 and visually represented using the Unity
game engine. Further, the visual presentation of the
instructions, cue and feedback were translated to a
blackboard situated in the classroom model. A circle of
chairs was introduced, which allows for the placement
of virtual agents in later investigations. The HTC Vive
controllers were used for user input. As the participant is
no longer able to see any input device outside the virtual
world, virtual models of the controllers were visible
throughout the experiment (see Figure 3). Respective
images indicating which stimulus category (flying and
non-flying animal) the controller corresponds to were
placed on the virtual models.

Figure 3: Controller models with attached images for input.

Experimental Task

The participants’ task was to determine whether a
previously cued spoken animal name belonged to the
category of flying or non-flying animals. A general
overview of the task is given in Figure 2. First, a
visual cue was presented on a blackboard in front of
the participant. The cue consisted of one figure in the
center, representing the participant’s position, and a
second figure, indicating the target’s position, at one
of four possible, randomized positions: front, back,
left or right. After a fixed cue-stimulus interval of 500
ms and while the cue was still visible, two auditory
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stimuli were played. Thus, the target stimulus was
positioned at the previously indicated position and
a distracting stimulus was positioned at one of the
three remaining positions. The participants used the
controllers to indicate whether the target stimulus
presented a flying or a non-flying animal name. Buttons
on the virtual controller models indicated the corre-
sponding category (see Figure 3). After each trial, a
visual feedback was displayed on the blackboard for
500 ms indicating whether the answer was correct or
wrong. The next trial started automatically after 500 ms.

Experimental Design

Three independent variables were investigated in this
experiment. The transition of the target stimulus be-
tween trials had two levels, the switch or the repetition
of the target’s position. A repetition means that in two
consecutive trials the target’s position is not changed,
e.g., frontal - frontal. In the switched condition, the
target’s position is changed between trials, e.g., frontal
- left. The second independent variable was the congru-
ency of target and distracting stimuli within one trial.
In a congruent trial, both stimuli are from the same
category so that target and distracting stimuli both
present a flying animal name or both present a non-flying
animal name. Incongruent trials consist of target and
distractor presenting stimuli from different categories,
e.g., the target stimulus is a flying animal name and
the distractor stimulus is a non-flying animal name. As
a third independent variable, the combination of the
target’s and the distractor’s positions (target-distractor
combination) was investigated. This variable had tree
levels, as the possible combinations are front-back,
left-right and next-to (e.g., left-front or front-right).

Results

Error rates and reaction times were measured in ev-
ery trial and analyzed separately. Analyses of variances
(ANOVAs) were performed to investigate the main effects
of the independent variables in this pre-study. Whenever
Maulchy’s test indicated that the assumption of spheric-
ity was violated, Greenhouse-Geisser estimates were ap-
plied to correct the degrees of freedom. Figure 4 presents
error rates in blue, reaction times in red and respective
results from the previously validated auditory-only ex-
periment by Loh et al. in grey [6].

Error Rate

The transition of the target stimulus (switch vs. rep-
etition) did not reveal a main effect on the error rate
(F < 1). The congruency of the presented stimuli (con-
gruent vs. incongruent) revealed a significant main ef-
fect (F(1,9) = 21.0,p = .001,77127 = .709) suggesting
higher error rates for incongruent trials (see Figure 4
top right). The target-distractor combination (left-right,
next-to, front-back) revealed a main effect on the error
rate (F'(2,18) = 45.0,p < .001,n = .833) (see Figure 4
bottom). Post-hoc tests with Bonferroni correction re-
vealed significantly higher error rates for front-back con-
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Figure 4: Results of independent variables regarding reac-
tion times (in ms, red) and error rates (in %, blue). From
top-left to bottom: transition, congruency, target-distractor
combination. Previous results by Loh et. al [6] indicated
in grey (reaction times in light grey and error rates in dark
grey). Significance levels are represented by asterisks as fol-
lows: * =p < .05, %x =p < .01, % %% =p < .001.

ditions than for left-right conditions (p < .001), as well
as for next-to conditions (p < .001).

Reaction Time

The transition of the target stimulus (switch vs. rep-
etition) did not reveal a main effect on the error rate
(F(1,9) = 1.2,p = 294,72 = .121). However, the results
suggest a slight tendency for higher reaction times when
the target’s position was switched between trials (see
Figure 4 top left). The congruency of the presented
stimuli (congruent vs. incongruent) revealed a significant
main effect (F(1,9) = 6.7,p = .03,72 = .425) suggesting
higher reaction times for incongruent trials (see Figure 4
top right). The target-distractor combination (left-right,
next-to, front-back) revealed a main effect on the
reaction time (F(2,18) = 16.6,p = .002,72 = .648)
(see Figure 4 bottom). Post-hoc tests with Bonferroni
correction revealed significantly higher reaction times
for next-to conditions than for left-right conditions
(p = .006) and significantly higher reaction times for
front-back conditions than for left-right conditions
(p = .006), as well as for next-to conditions (p = .02).

Conclusion

The aim of this study was to get first insights on whether
a previously validated, child-appropriate paradigm on
auditory selective attention could be transferred into
a virtual classroom setting. As Figure 4 visualizes,
the results from the current experiment generally show
similar trends compared to the ones from the previous
auditory only paradigm, both in terms of reaction
time and error rate [6]. However, the results of this
pre-study indicate slower reaction times and lower error
rates in the virtual environment than in the audio-only
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study. In order to look into this further, more partic-
ipants need to be investigated, as the current sample
size is not comparable to the previous investigations.
Additionally, no main effect of the transition of the
target’s position was observed. Nevertheless, the results
indicate that the paradigm is feasible to investigate
ASA in an audiovisual virtual reality setting and can
be used in future studies. Furthermore, this paradigm
can be extended in order to investigate, for example,
the impact of room acoustics and noise on audiovisual
selective attention. As the aim of the ECoClass-VR
Project is to investigate the cognitive behavior of
children in close to real-life settings, the perceived
realism of and the interaction with the virtual classroom
model could be increased by improving the visual pre-
sentation and also introducing a different cueing method.
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