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Introduction 
The cocktail party is the perfect metaphor for 
everyday life's auditory scene complexity1. Noisy 
classrooms, crowded restaurants, and busy offices 
are just a few examples of acoustically challenging 
situations in which the normal auditory system 
demonstrates a remarkable ability to parse complex 
scenes.  
Successful auditory scene analysis relies on the 
listeners' ability to form different perceptual 
images, i.e., auditory objects. Forming an auditory 
object requires grouping the multiple sound 
components that belong to a particular source and 
segregating those components from those of other 
sources. These primitive perceptual processes 
facilitate our ability to focus on signals of interest, 
such as the speech from a particular talker in the 
presence of competing speech, background noise, 
and room reflections, among others.  
The auditory mechanisms enabling listeners to 
accomplish these tasks involve binaural processing 
to a large degree2. The role of spatial hearing in 
effective speech intelligibility in noise is well 
established in the literature. Many studies have 
shown that speech intelligibility improves when 
target speech and competing sounds are spatially 
separated3–5 compared to when they are colocated6–

8. This improvement is commonly known as spatial 
release from masking (SRM), and it is measured as 
the difference in speech reception thresholds 
(SRTs) between collocated and spatially separated 
noise conditions.  
The extent of the spatial benefit, i.e., the effect of 
SRM, depends on several factors, such as the 
degree of spatial separation, the acoustic properties 
of the listening environment, or the masker’s 
characteristics9,10. Moreover, hearing loss and 
auditory processing disorders (APDs) can 
significantly impact some listeners' ability to 
localize sound sources and achieve SRM11.  

Hence, recent research focuses on disentangling 
those effects on cocktail party processing, not only 
for normal hearing listeners but also for patients 
with hearing difficulties, such as people with 
hearing loss, APDs, cochlear implant, and hearing 
aid users. Speech audiometry is the most commonly 
used procedure in clinical settings and laboratories 
to assess these difficulties, evaluating speech 
intelligibility in the presence of competing speech 
or noise. Good examples are the Listening in 
Spatialized Noise–Sentence Test (LiSN-S) 
developed by Cameron & Dillon12 and the well-
established Hearing in Noise Test (HINT) 
introduced by Nilsson et al.13.  
Understanding speech in challenging acoustical 
environments is particularly important for school-
aged children. With high reverberation and low 
signal-to-noise ratios (SNRs), classrooms are far 
from ideal listening conditions. Children with 
speech understanding difficulties face significant 
disadvantages in their development regarding 
social and educational aspects. Fortunately, the 
previously mentioned test procedures have proven 
to be efficient tools for promptly assessing and 
diagnosing difficulties related to spatial hearing. 
Moreover, research on spatial auditory 
rehabilitation, such as Cameron and Dillon’s work 
around the LiSN & Learn project14,15, has shown 
that the effects of APDs, such as spatial processing 
disorders, can be moderated significantly through 
auditory training programs. 
Nevertheless, these services are still unavailable for 
an important part of the world’s population. Many 
traditional audiometric testing and training setups 
require elaborate calibration, costly equipment, or 
acoustically treated rooms. Likewise, with the 
shortage of trained healthcare professionals, 
infrastructure, and resource limitations, even 
essential hearing health services are still 
inaccessible for specific populations. Thus, 
developing valid and efficient test and training 
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procedures that can be performed with inexpensive 
consumer-grade hardware with simple setups is of 
great research interest nowadays.  
Modern-day virtual reality (VR) peripherals may be 
very suitable for this use case since they support 
spatial audio, are portable, and are relatively cheap. 
Besides, the newest versions support standalone 
operation without additional computing hardware, 
facilitating the reproducibility and scalability of the 
setups. Combining these advantages with some 
adjustments to the procedures so they can be 
performed without supervision, at-home 
conduction of both hearing tests and auditory 
training programs may become feasible. 
We present HINT-VR, a child-appropriate 
application for assessing spatial hearing abilities in 
VR that does not require an experimenter's 
supervision. HINT-VR is an open-source tool that 
can support research on VR-based spatial auditory 
testing and rehabilitation. For its evaluation, we 
analyze the efficacy of binaural rendering with non-
individual HRTFs for assessing spatial hearing 
abilities through the well-known HINT procedure. 
Moreover, we investigate and discuss other relevant 
items like the effect of using an autonomous 
feedback system, i.e., a non-supervised method that 
does not require an experimenter, and the effect of 
using an HMD for presenting visual stimuli in the 
test. 

Methods 
The HINT-VR was developed using the Unity 
game engine, and the virtual acoustic scene 
simulates free field conditions (Figure 1). We used 
the 3D Tune-In Toolkit (3DTI) Unity wrapper16,17 
with far-field measured non-individual HRTFs 
(Neumann KU100 dummy head)18 for the audio 
spatialization.  
The test program contains a login screen where the 
participant can be registered. Moreover, the main 
menu offers access to a dedicated calibration scene 
and the HINT test procedure. All the relevant test 
data is collected in an extendable JSON format and 
stored locally. To offer greater flexibility for 
different study designs, most parameters, such as 
the number of noise conditions or practice rounds, 
can easily be adjusted using the Unity Inspector 
interface without changing the source code. 

 
Figure 1: HINT-VR - open field virtual environment. 

Furthermore, all stimuli (text and audio) can be 
replaced easily by using the regular file system, 
e.g., to perform HINT with different stimuli, such 
as in other languages.   
We used the stimuli from the German hearing in 
noise test featuring a male target speaker19. The 
procedure features four noise conditions. The target 
speech is always presented from the front (0° 
azimuth), and the noise (distractor) is located either 
in the same position, i.e., Noise Front (NF), shifted 
90° to the left or the right sides, i.e., Noise Left and 
Noise Right (NL and NR), or is disabled, i.e., Quiet 
(Q). The noise condition presentation order is 
randomly selected and changes every time a list is 
completed (1 list = 20 sentences).  
At the start of each condition, speech and noise are 
presented at 65 dBA (SPL). The SNR is adjusted 
automatically according to the participant’s 
performance based on a 50% intelligibility 
criterion. If less than 50% of the sentence is 
understood correctly, the SNR is increased by 2 dB. 
Otherwise, it is decreased by the same amount. The 
SRT is calculated as the average SNR over all 
sentences on each noise condition (NF, NR, NL, 
and Q). The SRM is defined as the difference in 
SRTs between the collocated and the spatially 
separated noise conditions.  
HINT-VR supports two different user feedback 
methods. First, the traditional way, i.e., the 
participant repeats what they have understood 
aloud to the experimenter, who records the user’s 
answers in the system. Second, a new system based 
on random word proposals, i.e., the autonomous 
feedback system (AFS). With the AFS, the user’s 
task is to form the sentence word by word. The user 
has five options for each word, one correct and four 
random alternatives matched in length and 
capitalization.  
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The words conforming each sentence must be 
selected one by one in order. The player must 
decide on the current word before the alternatives 
for the next word are shown. It is not possible to go 
back or change previous answers. 

Figure 2. HINT-VR: Autonomous feedback system. At first, five 
options from the first-word container are shown to the user. Once a 
selection has been made, they are replaced with the entries from the 
second-word container, and so on. 

Additionally, HINT-VR offers two different virtual 
test environments to investigate the influence of the 
HMD-based visual scene representation on the 
subjects’ performance. The first is a simple open 
field with avatars representing the sound sources 
(talker and distractor - Figure 1). The second 
alternative is a simple, uniformly colored squared 
room. Hereafter, the dark room.   

Evaluation  
The HINT-VR was evaluated through a listening 
experiment in the anechoic room at the TH Köln. 
The study participants performed the HINT 
procedure in a loudspeaker-based setup used as a 
reference and using the VR application developed 
for this study. The test setup order (loudspeaker-
based or in VR) and noise conditions (NF, NR, NL, 
or Q) was counterbalanced between subjects using 
a Latin-squares-based approach. Each participant 
performed five of the ten sentence lists in the 
loudspeaker-based setup and the remaining five in 
the VR setup.  
The reference (loudspeaker-based) condition was 
implemented and controlled as an independent 
Python application. It provides a simple GUI that 
offers the experimenter an easy and reliable way of 
controlling and monitoring the test procedure. We 
used three loudspeakers (Genelec 8020D) located 
at 0°, 90°, and 270° azimuth around the listener at 
a distance of 1m. The setup was calibrated to 65 
dBA (SPL) using an Ono Sokki LA-1240 Sound 
Level Meter placed at the listener’s position.  

For the HINT-VR, a pair of Sennheiser HD600 was 
used for audio playback. Headphone equalization 
was performed for all audio files in the test using a 
generic headphone compensation filter. The filter 
was applied to the stimuli to minimize the influence 
of the employed headphones. The filter is based on 
twelve measurements (putting the headphones on 
and off the Neumann KU100 dummy head) to 
account for re-positioning variability and was 
designed by regularized inversion of the complex 
mean of the headphone transfer functions20 using 
the implementation by Erbes et al.21. Moreover, for 
the headphone-based level calibration, we 
measured the RMS levels of the calibrated 
loudspeaker setup using the dummy head 
(Neumann KU100) and adjusted the headphone 
playback level to match that level. An RME 
Fireface UFXII interface at 48 kHz was used to 
drive both setups.  
In the study, different aspects of the new VR 
implementation were investigated separately 
through three groups of participants. First, two 
groups were used to evaluate the effect of the 
feedback system. Group 1 provided feedback by 
repeating what they understood aloud in both test 
setups (loudspeaker-based and VR). Group 2 
repeated out loud in the loudspeaker-based setup 
but used the autonomous feedback word-selection 
system in HINT-VR. Second, to investigate if using 
HMD-based matching 3D graphics (visual stimuli 
with avatars to represent the sound sources) 
affected the subjects' performance, Group 3 
performed the VR test in the dark room.  
The listening experiment is completed, and the 
results align with values reported in the literature, 
such as the German HINT19,22 and other HINT 
studies23 for both conditions, loudspeaker-based 
reference setup, and HINT-VR. The statistical 
analysis showed no significant differences in SRM 
between the loudspeaker-based and the VR test 
setups, using both the traditional and the proposed 
autonomous feedback system. These results 
suggest that the German HINT can be performed 
reliably in VR and at home without an 
experimenter’s supervision. Regarding the visual 
feedback, in line with previous research, the results 
of this study confirm that matching visuals aid 
sound source localization24,25. Consequently, the 
group performing the test in the virtual environment 
with avatars representing the sound sources showed 
improved SRMs compared with the group 
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performing the test in the empty dark room (with 
auditive but not visual stimuli). A publication with 
a more extensive elaboration on the study results 
will follow.  

License and Access 
HINT-VR is freely available under a Creative Commons CC 
BY-NC-SA 4.0 license and can be downloaded at 
https://github.com/AudioGroupCologne/HINT-VR 
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