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TECHNICAL REPORT                                        

An open-access dataset of unaided and hearing aid-assisted auditory 
perception measures in complex virtual acoustic scenes

Tahereh Afghaha,b , Jan Heerena,b , Laura Hartoga,b , Pascal Biermannc , Antje Wulffb,c ,  
Anna Warzybokb,d and Kirsten C. Wagenera,b 

aH€orzentrum Oldenburg gGmbH, Oldenburg, Germany; bCluster of Excellence Hearing4all, Oldenburg, Germany; cBig Data in 
Medicine Department, Carl von Ossietzky University Oldenburg, Oldenburg, Germany; dMedizinische Physik, Carl von Ossietzky 
University Oldenburg, Oldenburg, Germany 

ABSTRACT 
Objective: This paper presents the design and structure of an open-access audiological dataset 
created to support hearing aid algorithm development and model-based audiology. It provides 
comprehensive perceptual measures for individuals with normal hearing and hearing loss, with 
and without hearing aids.
Design: The dataset includes pure-tone audiometry, otoscopy, coupler measurements, the 
Loudness Validation Method (LVM), tone-in-noise detection, categorical loudness scaling, speech 
recognition tests (G€ottingen Sentence Test, G€OSA; Oldenburg Sentence Test, OLSA), listening effort 
(Adaptive Categorical Listening Effort Scaling, ACALES), and self-reported hearing and functioning 
(HEAR-COMMAND Tool). OLSA and ACALES were conducted in both common spatial setups and 
four virtual acoustic scenes, with aided and unaided conditions for hearing aid users. Data are 
organised according to the FAIR principles (Findable, Accessible, Interoperable, Reusable).
Study sample: Seventy-six participants.
Results: The release includes database documentation, measurement details, raw data, meta
data, and structured SQL files. Sample outcomes for individuals with moderate hearing loss are 
reported here for the OLSA, ACALES, G€OSA, LVM, and audiometry.
Conclusions: This dataset enables cross-methodological analysis and provides simulated acous
tic scenes for evaluating hearing loss. By combining standardised and novel measures, it offers a 
baseline resource for model-based audiology research and hearing aid benefit assessment.
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Introduction

Improving hearing aid (HA) effectiveness in noisy 
environments and enhancing overall user satisfaction 
are among the primary goals in advancing HA Digital 
Signal Processing (DSP) algorithms. These algorithms 
have continuously evolved with a focus on speech 
enhancement, which involves separating target speech 
signals from other masker sounds. Multiple approaches 
have been applied to HA software and hardware com
ponents to segregate and amplify target signals while 
suppressing distracting sounds and background noises, 
ultimately improving speech intelligibility (Fiedler et 
al. 2021; Gannot et al. 2017).

Speech enhancement techniques have recently 
improved significantly through the application of 

Machine Learning (ML) techniques, including Deep 
Learning (DL) and Deep Neural Networks (DNN). 
Several potential applications of DL and DNN in HA 
design have been proposed, demonstrating high potential 
for enhancing speech intelligibility (Andersen et al. 2021; 
Diehl et al. 2023; Nossier et al. 2019). These approaches 
rely on large and well-structured data sets to develop and 
validate model-based audiology methods.

When examining the real-world effectiveness of 
these advanced methods in enhancing user satisfac
tion and quality of life, subjective evaluation is also 
essential for evaluating individual experiences across a 
variety of listening environments. Lifestyle, personal 
preferences, needs, and individual limitations can all 
influence a user’s perception of HA benefits. While 
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user satisfaction can be assessed through self-reported 
measures, HA effectiveness can, to some extent, be 
measured through listening experiments that examine 
aspects such as speech recognition, listening effort, 
and loudness perception. Furthermore, differences in 
the degree and type of hearing loss (HL) directly 
impact HA effectiveness. Furthermore, user satisfac
tion is also impacted by personality and lifestyle. An 
individual’s HL is commonly determined through 
pure-tone audiometry, as a core measurement. 
However, the everyday hearing challenges individuals 
face involve multiple factors that are not captured by 
simple tone detection tasks in acoustically treated lab
oratories. Therefore, to better understand and minim
ise the gap between listener performance in controlled 
laboratory and in real-world conditions, assessment of 
speech recognition and listening effort should include 
conditions that reflect everyday listening scenarios. 
These include complex spatial configuration of the 
noise sources, the presence of reverberation, and dif
ferent types of masking sounds.

The objective of this paper is to present a newly 
developed audiological dataset that characterises the 
performance of individuals with hearing impairment, 
both with and without using HA (in aided and 
unaided settings), as well as individuals with normal 
hearing. This unique and comprehensive database 
provides simulated real-life listening conditions 
through a combination of traditional and extended 
measures of hearing function. It includes 1. Standard 
clinical assessments for comparability with other com
monly used measures, such as pure-tone audiometry; 
2. Measures of listening effort and speech intelligibil
ity obtained in acoustically complex environments 
with realistic background noise to simulate everyday 
listening situations, including multitalker scenarios; 3. 
Self-report measures collected through broad ques
tionnaires to evaluate the daily functional consequen
ces of hearing difficulties; 4. Loudness perception 
evaluations designed to capture realistic loudness 
experiences and variations in perceived sound inten
sity using a variety of everyday sounds.

The potential applications of the developed data
base are broad and span several aspects, including but 
not limited to: 1. Examining the consequences of HL 
on various auditory functions including speech intelli
gibility, listening effort, or loudness perception; 
2. Enabling the creation of individual hearing profiles 
for participants that cover multiple aspects of their 
hearing status, 3. Assessing HA devices in listening 
conditions of varying acoustic complexity to address 
challenges in real-life communication; 4. Providing 

data from HA users that can be used in both aided 
and unaided conditions to evaluate models of audi
tory function. Ultimately, this dataset can help estab
lish benchmarks for better understanding individuals’ 
listening performance, perception, and HA benefits. 
This can be achieved through further development 
and evaluation of model-based audiology concepts 
that incorporate statistical, perceptual, or physiological 
models.

This database differs from previously published 
datasets, such as those provided in Jafri et al. 2025; 
Regev et al. 2025; Sanchez-Lopez et al. 2021; Vlaming 
et al. 2011, in several key aspects. It is open access 
and publicly available on Zenodo platform, includes 
both aided and unaided measurements for HA users, 
and involves a relatively large and diverse participant 
population. Furthermore, it was specifically designed 
to simulate complex daily-life listening situations to 
assess hearing performance and hearing-aid benefits 
under ecologically valid conditions.

Data accessibility

This database was generated within the Collaborative 
Research Centre SFB 1330 Hearing Acoustics project 
(HAPPAA 2018). The goal of this multidisciplinary 
project is to improve the assessment of communica
tion abilities by gaining a deeper understanding of 
how humans perceive and process complex auditory 
scenes in everyday environments and to enhance the 
effectiveness of HA in such situations. The database 
content and outcomes are presented in four sources, 
and a link to each is provided in the References 
section.

1. Afghah et al. 2025a, Database content: The data
base is accessible on Zenodo platform. To maxi
mise its usability for researchers and clinicians, the 
dataset is provided as Open access. The performed 
measurements generated results in formats tail
ored to each procedure; however, to enable public 
release, the data must be structured, meaningful, 
and compact. To achieve this, a robust dataset 
framework was developed to integrate the various 
file formats and data types, which were initially 
unstructured. The FAIR Guiding Principles 
(Findable, Accessible, Interoperable, and Reusable) 
(Wilkinson et al. 2016) were applied to ensure 
both machines and individuals can locate, access, 
and use data. These principles were followed to 
merge the results of different measurements to the 
extent feasible.
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2. The current paper: Detailed technical descrip
tions of each measurement procedure and the 
overall data structure are included in this paper 
to guide researchers in effectively utilising the 
dataset.

3. Gerken et al. 2025a: The theoretical motivation 
and conceptual audiological justification for the 
inclusion of the measurements, as well as further 
details on a subset of measurement procedures 
and outcomes are available in this paper.

4. Afghah and Wagener 2025: The comprehensiveness 
of each measurement with regards to HL assess
ment requirements is analysed in this paper. Each 
measurement and its outcome is linked to the 
World Health Organization’s International 
Classification of Functioning, Disability, and Health 
(ICF) coresets for hearing loss. This analysis deter
mines the extent to which each measurement aligns 
with a patient-centred evaluation framework.

Materials and methods

Data were collected from May to December 2022 in 
multiple acoustically treated laboratories. Participants 
were recruited from the test-person database of 
H€orzentrum Oldenburg gGmbH which includes more 
than 2000 volunteering persons from the northwest 
region of Germany. The majority of volunteers are 
between 65 and 80 years old; both normal-hearing 
and hearing-impaired individuals (with and without 
own hearing devices) are included. General anamne
ses data, including pure-tone audiometry is available 
for all test persons. The study group was defined to 
represent both HA users and listeners without HA of 
comparable age. This ensures that the listeners reflect 
different hearing loss degrees that are not influenced 
by age differences among them. The degree of HL 
was determined by means of pure-tone average (PTA) 
based on the WHO HL classification (WHO, 1991), 
by averaging the air-conduction (AC) thresholds of 
the better ear at 500, 1000, 2000, and 4000 Hz.

Of the 79 recruited participants, 78 participated in 
the study, among which two did not complete all 
measurements. Consequently, the dataset includes 
measurement results from a total of 76 participants 
(35 female, 41 male), with an average age of 73.9 years 
(SD ¼ 7.1, Range: 49–84), divided into the three age- 
matched groups:

1. “NH” group: 20 participants with normal hearing 
defined as better-ear PTA < 25 dB HL. They 
ranged in PTA from 1.3 to 24.4 dB HL.

2. “HI-noHA” group: 25 participants with hearing 
impairment (HI) who do not use a HA in daily 
life, with PTA ranging from 26.9 to 53.8 dB HL.

3. “HI-HA” group: 31 HI participants who use HA 
in daily life, with PTA ranging from 33.8 to 
76.3 dB HL. To refer to this group, two labels are 
used: “HI-HAu” is used when measurements 
were performed without their HA (unaided), 
while “HI-HAa” is used when measurements 
were conducted while wearing their own HA.

Measurements were performed over two appoint
ments for NH and HI-noHA groups, and over three 
appointments for HA users.

First appointment

During this appointment, participants completed and 
signed consent forms. The type, brand, and duration 
of HA usage in months/years were recorded, if appli
cable, however, this information is not included in 
database.

Otoscopy

The structure of the outer and middle ear was exam
ined by performing Otoscopy by an audiologist.

HEAR-COMMAND tool

The HEAR-COMMAND Tool (HCT1) is a question
naire developed based on the World Health 
Organization’s International Classification of 
Functioning Disability and Health (ICF) framework 
(WHO, 2001) to assess self-reported HL and individu
als’ daily functioning, with a focus on communication 
and conversation abilities. It is publicly accessible in 
multiple languages (Afghah et al. 2022, 2024, 2025b; 
Alfakir et al. 2025a, 2025b). In this study, the German 
version of the questionnaire was provided to partici
pants to complete either during the first appointment 
or at home between the first and second appointments. 
About twenty minutes are required to complete the 
tool’s 120 questions.

Pure-tone audiometry

Pure-tone Audiometry included measurements of AC, 
bone conduction (BC) thresholds, and uncomfortable 
loudness levels (UCL).
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Binaural broadband loudness scaling and true 
loudness gain calculation

In order to restore a normal binaural broadband 
loudness perception, the trueLOUDNESS fitting 
method was used which considers both the audiogram 
and the binaural broadband loudness perception 
(Oetting et al. 2018). In the first step, narrowband 
loudness functions for six frequency bands (250, 500, 
1000, 2000, 4000, and 6000 Hz) were derived from the 
audiogram to estimate narrowband loudness compen
sation (Suck et al. 2020). The narrowband loudness 
functions used are demonstrated in Zimmer et al. 
(2024). In the second step, binaural broadband loud
ness functions were measured using two types of 
stimuli: a unified excitation noise (UEN17, Zwicker 
1961) and a female speech-shaped noise (IFnoise, 
Holube et al. 2010). These stimuli, amplified with 
individualised narrowband gain, were presented via 
Sennheiser HDA 200 headphones. Loudness percep
tion was assessed through adaptive categorical loud
ness scaling (ACALOS; Brand and Hohmann 2002), 
where participants rated the perceived loudness on an 
11-point scale ranging from “not heard” to “extremely 
loud”. Loudness functions were fitted using the BTUX 
fitting method (Oetting, Brand, and Ewert 2014). The 
deviation of the measured broadband loudness func
tion from a normal-hearing reference function repre
sents the binaural broadband loudness summation 
(Oetting et al. 2016). This summation is then com
bined with the narrowband gain values to normalise 
binaural broadband loudness perception, and conse
quently gains for input levels of 50-, 65-, and 80-dB 
SPL were calculated. This gain calculation method is 
referred to as trueLOUDNESS.

Speech recognition of everyday sentences

Speech intelligibility was assessed using two method
ologies, one of which involved the G€ottingen 
Sentence Test (German: G€ottinger Satztest, G€OSA; 
Kollmeier and Wesselkamp 1997) consisting of every
day sentences. In this measurement, free-field equal
ised Sennheiser HDA 200 headphones were used with 
the target speaker (G €OSA sentences) presented from 
0� azimuthal angle and noise from 90� angle (S0N90). 
The stationary speech-shaped noise was constant at 
65 dB SPL and the speech level was adjusted adap
tively targeting 50% speech recognition (speech recog
nition threshold SRT) according to the A1 adaptive 
procedure in Brand and Kollmeier (2002). The SRT 
was measured in two conditions using headphones: 
(1) unaided, the signals were presented without gain 

adjustments (2) aided, with application of 
trueLOUDNESS gains described in 2.1.4. In both 
measurements, the noise was presented with pauses 
between the sentences.

Loudness validation method

The Loudness Validation Method (LVM)2 is a meas
urement developed to assess the deviation of perceived 
loudness from NH individuals for HA users in a free- 
field setting (Exter et al. 2024; Jansen et al. 2020). The 
LVM was performed only in the HI-HAa group. To 
present a comprehensive selection of natural sounds, 
four frequency categories are considered: Low (200– 
920 Hz), Middle (920–2300 Hz), High (2300–6400 Hz), 
and Broadband (200 to 6400 Hz). The signals are fur
ther categorised into three presentation level categories: 
Soft, Medium, and Loud, corresponding to equivalent 
speech levels of 50-, 65-, and 80-dB SPL, respectively. 
Each of the resulting twelve presentation categories 
contains five different natural signals, resulting in a 
total of 60 signals, presented in a randomised order. 
Participants were assigned to rate the perceived loud
ness of each signal on an 11-point scale as used for 
categorical loudness scaling ranging from “not heard” 
to “extremely loud”. The average response across the 
five samples in each presentation category is then com
pared to a reference range derived from a group of 
NH individuals involved in the development of the 
LVM procedure. The comparison results are classified 
using six labels to indicate deviations from normal 
loudness perception: much softer (dark blue), slightly 
softer (light blue), normal (green), slightly louder (yel
low), much louder (light red), and extremely loud 
(dark red). The results in the twelve presentation cate
gories are visualised on a loudness map, with each 
label represented by a specific colour.

Tone in noise detection

Tone in noise is a measure proposed to assess 
frequency-specific suprathreshold deficits (Sch€adler 
et al. 2020). Here, the tone in noise detection threshold 
was measured at 500 and 2000 Hz. The threshold was 
determined with an adaptive procedure of Kaernbach 
(1990) where the tone level was adapted using a single 
interval adjustment matrix targeting 75% correctly 
responded to trials. The broadband noise was fixed at 
the 30 dB spectral level, corresponding to the 69 dB 
broadband level. The thresholds in the dataset corres
pond to the absolute level of the tone at the threshold 
in dB SPL.
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Coupler measurements

For the HI-HAa group, the sound pressure output of 
the participants’ own HA was measured via Coupler 
measurements. For this purpose, an Aurical HIT test 
box equipped with Otosuite software (Natus Medical 
GmbH) and an ear simulator were used. For both HAs 
(Left and Right), insertion gains were measured for the 
International Speech Test Signal (ISTS) (Holube et al. 
2010) at input levels of 50, 65, 80 dB SPL. In case of 
open fittings, vents were closed for measurements.

Second appointment
Free-field Setup: The second appointment was con
ducted in a free-field setup in a sound treated room 
with a size of 18 m2 and a T60 reverberation time of 
0.2 s. Participants were seated in the centre of a hori
zontal loudspeaker array with 24 Genelec 8030B loud
speakers, which were arranged equally spaced on a 
circle with a radius of 2 m at a height of 1.25 m 
(acoustic axis). In front of the participants, a touch- 
screen monitor was placed so that it did not block 
out the direct sound of the frontal loudspeakers. All 
measurements at second and third appointments were 
conducted in this setup, in some cases, using only a 
subset of loudspeakers as given in the respective pro
cedure description.

Speech Recognition of unpredictable sentences

SRTs for different scenarios were measured using the 
Oldenburg Sentence Test (German: Oldenburger 
Satztest, OLSA; Wagener, Brand, and Kollmeier 1999 
a,b,c I-III; Wagener and Brand 2005) with adaptive 
speech level (procedure A1 from Brand and Kollmeier 
2002). During this appointment, the measurement for 
HA users was performed in unaided settings (without 
their HA) (HI-HAu). For corresponding aided condi
tions, see appointment three. Six acoustic conditions 
were included, two of which involved common spatial 
settings: 1) S0N0, where both target speech (OLSA 
sentences) and the corresponding stationary speech- 
shaped noise (OLnoise, Wagener, Brand, and 
Kollmeier 1999 a,b,c) were presented from 0� azi
muthal angle. 2) S0N90, where the target speech 
remained at 0� while noise was presented at 90�.

Four additional conditions were implemented using 
three simulated auditory-virtual scenes designed for 
hearing research including a living room (Sch€utze et 
al. 2021), pub (Grimm et al. 2021), and underground 
(Hladek and Seeber 2022) scene, shown in Figure 1. 
The living-room test environment consisted of a 51 m3 

living room coupled to a 27 m3 kitchen, connected by 

a door, with a combined reverberation time of T30 ¼

0.56 s. Two spatial sound-source configurations were 
evaluated: a symmetric (LR_sym) and an asymmetric 
(LR_asym) condition. In both cases, the listener was 
positioned on a sofa at location R1, and three kitchen 
maskers were present: a dishwasher noise (S6) and a 
two-female dialogue at positions S7 and S8 (Figure 1). 
In LR_sym, two additional maskers (S4 and S5) con
sisting of male-transformed ISTS noise were placed to 
the left and right of the listener, while the target source 
was located directly in front at S-TV. In LR_asym, the 
target was moved to S4, and a single additional male- 
transformed ISTS masker was placed at S-TV. The 
pub environment simulated a restaurant-like setting 
with multiple guest conversations, background music, 
and typical ambient sounds (beer pouring, clinking 
glasses, dishware handling). The room measured 
15� 10� 2.95 m (442 m3) with a reverberation time of 
T30 ¼ 0.66 s. The scene represented a group conversa
tion at a table, with the listener positioned at R1 and 
the target talker located directly across at T2 (0.97 m 
distance). Three additional talkers at T1, T3, and T4 
served as interferers (Figure 1). A realistic babble back
ground was created by distributing numerous inde
pendent conversations throughout the room (positions 
S1–S8, N1–N3, P1–P8). The underground station envi
ronment (UG_station) simulated a subway platform 
with a total volume of 8555 m3 and a reverberation 
time of T30¼1.68. The scene modelled a two-person 
conversation, with the listener positioned at R1 
between the two tracks and the target talker placed 
1.6 m directly ahead. Two additional maskers, also at 
1.6 m distance and positioned at ±60�, presented tem
porally shifted male-transformed ISTS signals. A third 
masker, located 10.1 m from the listener, reproduced 
escalator noise. Real-world ambient station noise 
recordings were added to complete the acoustic back
ground. The simulations and recordings of all acoustic 
scenes and room impulse responses are available on 
Zenodo platform (Gerken et al. 2025b) For the details 
regarding the realisation of these virtual scenes, refer 
to Gerken et al. (2025a).

Calibration of virtual scenes with reverberant target 
speech was performed as follows. To present target 
speech as part of the virtual scenes, it was convolved 
with the room impulse response (RIR) corresponding 
to the specific presentation position in the scene. This 
process added scene-dependent reverberation to the 
speech. On the one hand, reverberation affects the 
speech level in the virtual room, and, on the other 
hand, it deteriorates speech intelligibility depending 
on several parameters (Lavandier and Culling 2007). 
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To allow for a comparison of speech intelligibility 
across scenes and standard conditions, the target 
speech was calibrated using only the direct-sound 
part of the RIRs. Therefore, these direct-sound parts 
of the RIRs were identified visually and then framed 
using von-Hann windows. The windows were centred 
on the maxima of the direct sound and ended just 
before the first reflection.

Adaptive categorical listening effort scaling

Listening effort was evaluated using the Adaptive 
Categorical Listening Effort Scaling (ACALES) 
method (Krueger et al. 2017) under the same six spa
tial conditions applied in the OLSA measurement 
(S0N0, S0N90, pub, underground station, and living 
room with two layouts). The target speech included 

three consecutive OLSA sentences. Participants rated 
their listening effort on a 13-point categorical scale, 
which included seven labelled and six unlabelled cate
gories, in the range of “no effort” to “extreme effort” 
corresponding to Effort Scaling Categorical Unit 
(ESCU) 1 to 13. An additional “only noise” category 
was provided, and participants were instructed to 
choose this option, if they perceived only noise with
out any speech.

Third appointment

In this appointment, OLSA, ACALES, and G€OSA 
measurements were repeated only for HA users while 
wearing their own HA (HI-HAa). For the OLSA and 
ACALES measurements, similar to the unaided evalu
ation, sounds were presented in a free-field setting 

Figure 1. Drawings of the acoustic scenarios. Bottom: An underground station: Target speech: Loudspeaker #15, male ISTS 
maskers: Loudspeakers #3 and #11 and underground background noise, labelled as UG_station. Top right: Living room applied 
with listener at R1 position in two settings: Asymmetric layout, labelled as LR_asym: Target speech via loudspeaker S4 (−45�), 
Maskers: male ISTS via loudspeaker S-TV (0�), female dialogue, and dish washer noise from the other room. Symmetric layout, 
labelled as LR_sym: Target speech via loudspeaker S-TV (0�), Maskers: male ISTS maskers via loudspeakers S4 and S5 (±45�). Top 
left: Pub. Target speech via loudspeaker T2, maskers: conversations via loudspeakers marked with T and S and ambient pub noise 
including pop music [Image adapted from van de Par et al. (2022)].
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using the same six simulated acoustic scenes. Probe 
tube recordings of all OLSA and ACALES measure
ments were performed. Additionally, real-ear meas
urements with standard signals (speech-shaped noise 
at 65 dB SPL, and ISTS at 50, 65, and 80 dB SPL) 
were performed using this probe tube setup. These 
recordings were not analysed but can be provided on 
request. In the G€OSA measurement, as opposed to 
the unaided measurement, where sounds were pre
sented through headphones, they were presented in a 
free-field setting with the HA in place and continuous 
presentation of noise.

Results

Detailed outcomes of the OLSA, ACALES, HCT, TIN, 
PTA, and loudness scaling measurements are available 
in Gerken et al. 2025a. In this section, example out
comes for selected methodologies for two specific 
groups of participants are provided. (1) individuals 
with moderate HL (40<PTA � 60 dB HL) who do 
not use a HA in daily life (HI-noHA), (2) individuals 
with moderate HL who use HA in both unaided (HI- 
HAu) and aided (HI-HAa) settings. Furthermore, 
details about the publicly available structured dataset, 
along with guidelines for its usage, are provided.

Measurements outcome

Pure-tone audiometry
Figure 2 (left panel) shows the distribution of the 
average AC thresholds over 500, 1000, 2000, and 
4000 Hz for participants with moderate HL for both 
HI-noHA and HI-HAu groups.

Speech recognition of everyday sentences – G€OSA 
measurement

Figure 2 (right panel) shows the distribution of SRT 
values in multiple settings for the HI-noHA and 
HI-HAu groups with moderate HL, both with and with
out the application of trueLOUDNESS gains, and for the 
HI-HAa group in the free-field condition.

Loudness validation method

Figure 3 (left panel) shows the loudness map 
measured for a sample participant with moderate 
HL. Figure 3 (right panel) shows the bar chart of 
the total proportions of the six LVM loudness percep
tion categories for the HI-HAa group with moder
ate HL.

Figure 2. Left: Pure-tone audiometry results for participants with moderate hearing loss, AC thresholds averaged over 500, 1000, 
2000, and 4000 Hz for better ear. Right: G€ottingen Sentence Test results, Speech Reception Threshold (SRT) in aided (with own 
hearing aid in free field) and unaided settings (no gain adjustment and with applied measure trueLOUDNESS gains). HI-noHA: 
Participants who do not use hearing aids. HI-HAu: Hearing aid users, measured in an unaided setting (without a hearing aid). 
HI-HAa: Hearing aid users, measured in an aided setting (with own hearing aid).
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Figure 3. Loudness Validation Method (LVM) outcome: Left, example loudness map: outcome demonstration for a hearing aid 
user with moderate hearing loss. The x-axis represents LVM frequency categories and the y-axis represents LVM level categories. 
Right, bar chart of the total proportions of the six LVM loudness perception categories for the HI-HAa group with moderate HL.

Figure 4. OLSA Speech Reception Threshold (SRT) values for participants with moderate hearing loss. Left, HI-noHA: Participants 
who do not use hearing aids. Middle, HI-HAu: Hearing aid users, measured in an unaided setting (without a hearing aid). Right, 
HI-HAa: Hearing aid users, measured in an aided setting (with their own hearing aids). LR_sym: Living room with symmetric 
layout. LR_asym: Living room with asymmetric layout, UG_station: Underground station.

Speech recognition of unpredictable sentences, 
OLSA measurement

The SRT values over the six conditions were collected. 
As examples, Figure 4 shows the distribution of meas
ured SRT value for participants with moderate HL.

Adaptive categorical listening effort scaling

The distribution of the measured SNR values for par
ticipants with moderate HL, selected at ESCU 1, 7, 
and 13 as examples, is provided in Figure 5.

Dataset structure

All measurement data and metadata were transferred 
into an SQL dataset. To enhance comprehensibility 
and allow a broad use of data, a data description as 
pdf file is available. The �.sql files to generate a SQL 
dataset as well as the data description are publicly 
accessible on zenodo.org platform (Findability, 
Accessibility). To describe the tables and their col
umns of the SQL dataset, unique and descriptive 
names were chosen from the specialised terminology 
of hearing research. In some cases, abbreviations have 
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been used, but by using the data description these are 
clearly understandable. To link these data to the par
ticipants of the study, a unique identifier for the par
ticipants, VP_ID, is in place. Additionally, this 
identifier can be used to join data from multiple 
tables together.

The data description offers a concise overview of 
the existing tables and their contents, along with a 
reference to the comprehensive description of the 
measurements performed to ensure that data can be 
reused as easily as possible. To enrich the dataset, ref
erence values documented within the data description 
are also available as entries in the dataset itself, if 
applicable (Reusable). The basic structure of the data
set (Figure 6) comprises a central participant table 
that contains basic identifiers and information about 
which measurements each participant completed. This 
central table is connected to measurement tables, each 
representing the results of the above-described meas
urements. A detailed Entity-Relationship-Diagram can 
be found in the Appendix. The hear_command_tool_ 
subject_responses table is another central table. It 
stores the values of the HEAR-COMMAND Tool. It 
is possible to map all questions and answers of the 
questionnaire by utilising this table and their con
nected tables.

Discussion

An audiological perception dataset has been devel
oped that includes a variety of hearing loss evaluation 
measurements aimed at advancing HA modelling. 
This broad dataset supports a holistic assessment of 
hearing impairment, with the potential to enhance the 
effectiveness of HA algorithms and overall user satis
faction. By evaluating speech intelligibility and listen
ing effort in real-life simulated virtual scenes, the 
dataset offers an ecologically valid approach that bet
ter reflects the hearing challenges individuals face in 
their daily lives.

This dataset provides a unique resource for com
paring the outcomes of diverse measurements con
ducted on the same participants. Hearing difficulties 
can occur in various ways, and a multi-modal analysis 
allows for a more comprehensive assessment. 
Furthermore, such cross-methodological analysis facil
itates identifying correlations between a participant’s 
performance across different measurements, each 
addressing a different aspect of HL. For example, self- 
reported data collected via the HEAR-COMMAND 
tool, particularly speech perception scores, can be 
compared with speech intelligibility evaluation in 
laboratory settings via OLSA measurements as dem
onstrated in Gerken et al. (2025a). Furthermore, the 

Figure 5. SNR values distribution at three Effort Scaling Categorical Unit (ESCU) levels (1, 7, and 13) for participants with moder
ate hearing loss. Top row, HI-noHA: Participants who do not use hearing aids. Middle row, HI-HAu: Hearing aid users, measured in 
an unaided setting (without a hearing aid). Bottom row, HI-HAa: Hearing aid users, measured in an aided setting (with their own 
hearing aids). LR_sym: Living room with symmetric layout. LR_asym: Living room with asymmetric layout, UG_station: 
Underground station.
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relationship between pure-tone audiometry, a tradi
tionally fundamental HL evaluation method, and 
hearing difficulties revealed through more complex 
methods, such as ACALES and OLSA measurements, 
can be analysed. As a result, this analysis determines 
the extent to which a single value (i.e., the average 
AC thresholds of the better ear) accurately reflects 
hearing difficulties and the actual degree of HL 
(Gerken et al. 2025a).

Conducting measurements for HA users (in this 
case OLSA, G€OSA, and ACALES) both with and 
without a HA allows researchers to compare an indi
vidual’s performance in aided and unaided settings 
that provides a clear evaluation of HA effectiveness in 
terms of speech intelligibility, listening effort, and 
other relevant concepts. Factors such as the HA brand 
and model, built-in features, duration of usage, and 
settings adjusted based on personal preference highly 
impact the participant’s performance. Therefore, since 
participants used their own HA with their typical 
settings, rather than identical HA with similar usage 
features, general conclusions based on the measure
ments’ outcomes should be avoided.

Although there is currently no plan to expand this 
dataset by adding other measurements or increasing 
the sample size, the structured model based on FAIR 
principle and public accessibility of the data facilitate 
the expansion. For example, as the acoustic scenes are 
publicly available (Gerken et al. 2025b), by following 
the provided documentation, researchers can replicate 

the included measurements and add other relevant 
measurements specific to a certain HI population, 
such as Cochlear Implant users. Additionally, real-life 
measurements can be included, conducted in loca
tions where participants spend most of their time, 
such as their homes or workplaces, to identify the 
practical effectiveness of HA in daily functioning.

As the OLSA and ACALES measurements in virtual 
acoustic scenes require 24 loudspeakers to conduct, 
reproducing these measurements demands complex 
and costly recording settings. It is safe to assume that 
for most audiology clinics, implementing such a setting 
is challenging and impractical. However, further ana
lysis of the collected data is needed to determine the 
extent to which these measurements provide unique 
information on listening effort and speech intelligibil
ity that cannot be captured with typical simpler setups, 
such as S0N0 and S0N90, which require a maximum 
of two loudspeakers.

A variety of measurements were included in the 
database, and when combined, they have the potential 
to yield a detailed patient-centred profile of hearing 
function. To define the extent to which factors 
relevant to HL were represented, it is essential to 
evaluate the database against a globally accepted 
standard (Afghah et al. 2023). The World Health 
Organization’s International Classification of 
Functioning Disability and Health (ICF) framework 
(WHO 2001, World Health Organization 2013) can 
serve as a reference to adapt the database to a 

Figure 6. The basic structure of the dataset, represented as an Entity-Relationship-Diagram. A detailed ER diagram can be found 
in the appendix.
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comprehensive list of factors related to the HL, its 
causes and consequences. In another study, database 
inclusiveness was highlighted, and missing concepts 
from this analysis were revealed (Afghah and 
Wagener 2025), by following the ICF linking guide
lines (Cieza et al. 2002, 2005).

Notes 

1. https://www.hz-ol.de/en/open-tools-for-science/hear- 
command-tool/.

2. The Loudness Validation Method is offered as a 
commercial product by H€orzentrum Oldenburg 
gGmbH under the name “revoloud”.
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