
Method 
A data-analysis method based on the unsupervised 
learning stage (archetypal analysis) from the previous 
study1 was used with the following modifications:

1) Bagging: The data were decimated randomly in terms of 
listeners and tests.

2) Highly correlated variables (Pearsons r>0.85) were 
removed.

3) The steps I, II and III were repeated 1000 times  on the 
decimated data and the probability of being identified as 
belonging to an auditory profile was calculated for each 
listener.

4) Listeners not close enough (distance >0.5) to any of the 
archetypes were left “unidentified”. 
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Currently, clinical characterization of hearing deficits
for hearing-aid fitting is based on the pure-tone
audiogram. Implicitly, this assumes that the audiogram
can predict performance in complex, supra-threshold
tasks. Sanchez-Lopez et al. (2018) hypothesized that
the hearing deficits of a given listener, both at threshold
and supra-threshold levels, result from two
independent types of auditory distortion. In a previous
study1, a data-driven method for classifying the
listeners into four auditory profiles was proposed and
validated. However, the definition of the two types of
distortion was challenged by differences between the
two datasets in terms of the tests and listeners used. In
the current study, a refined method and definition of
the profiles is proposed.

Introduction

Discussion points
➢ A refined data-driven method and the new BEAR dataset enabled a solid definition of the “auditory profiles”.

➢ The analysis of the new BEAR dataset shows similarities with previous results. The different profiles showed
significant differences in terms of low- and high-frequency hearing loss, binaural processing abilities and
spectro-temporal modulation sensitivity.

➢ The average audiometric thresholds of the auditory profiles resemble Schuknecht's types of age-related
hearing loss8 where Profile D may correspond to a metabolic loss and Profile B to a sensory loss.

➢ The diagnostic measures will be used for a new hearing-aid fitting strategy. It is expected that this tailored
approach will result in higher satisfaction and increased quality of life.
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Profile A

• Mild-to-moderate high-frequency 

hearing loss 

• Good binaural processing abilities

• Good spectro-temporal resolution

• Good speech intelligibility in noise

Profile B

• Moderate-to-severe high-frequency 

hearing loss

• Good binaural processing abilities

• Poor speech intelligibility in noise

Profile C

• Moderate-to-severe hearing loss 

• Poor binaural processing abilities

• Poor speech intelligibility in noise

• Poor spectro-temporal resolution

Profile D

• Moderate ”flat” hearing loss (low-frequency 

component)

• Most comfortable levels similar to normal-

hearing listeners

• Good speech intelligibility in noise

BEAR test battery results
I. Loudness perception3

III. Speech-in-noise intelligibility5 IV. STM sensitivity6

Test Name Category

A. Pure-tone audiometry:

B. Fixed level frequency threshold (FLFT)

Audibility

C. Word recognition scores in quiet (WRS-4UFC):

D. Hearing in noise test (HINT)

Speech 

perception 

tests

E. Maximum frequency for IPD detection

(IPD
fmax

)

F. Binaural pitch (Bpitch)

G. Extended binaural audiometry in noise

(eBAUD)

Binaural 

processing 

abilities 

H. Adaptive categorical loudness scaling

(ACALOS)

Loudness 

perception

I. Fast spectro-temporal modulation

sensitivity (fSTM)

J. Extended audiometry in noise (eAUD)

Spectro-

temporal 

resolution

BEAR test battery
In the Better hEAring Rehabilitation (BEAR) project, a new
dataset was generated with the aim of overcoming these
limitations. The considered tests were chosen based on a
literature review. These tests have shown potential for
auditory profiling and their outcomes could be used for
hearing-aid fitting. A heterogeneous group of 75 older
listeners (HI=70, NH=5) was tested using measures of
speech intelligibility, loudness perception, binaural
processing abilities and spectro-temporal resolution.
They were recruited from clinical databases at Odense
University Hospital (OUH) and Bispebjerg Hospital (BBH).

Fig. 2: Results of the ACALOS measurement. Figure shows average hearing
threshold levels (HTL) and most comfortable levels (MCL) as well as the
corresponding interquartile ranges and the uncomfortable level (UCL). While
Profiles A and B exhibit a high-frequency hearing loss only, Profiles C and D
exhibit also a low-frequency component.

Fig. 4: Speech in noise intelligibility. Left panel: Unaided sentence recognition threshold in speech-shaped
noise. The median SRT of the raw data is ~2.5 dB SNR . Profiles A and D had a better performance (median: ~1
dB SNR) than B and C (median: ~4-5 dB SNR). Right panel: Aided speech recognition threshold using a hearing-
aid simulator fitted to the individual hearing tresholds using NAL-NL2. The noise environment is a cafeteria
noise with a distractor located at 90. The results, which are part of a continuation study2 resemble the ones
in the unaided condition. Profile B shows elevated thresholds compared to A and D, but the median SNR was 3
dB lower than for Profile C.

* p<0.1 **p<0.01 ***p<0.001 n.s: not significant
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Data-Driven Profile Identification

Fig. 1: Results of the data-driven profiling. Panel A) Hypothesis: The hearing deficits of a given individual are the result of two independent types of auditory
distortion. In the two-dimensional space, four profiles can be identified by the degree of each of the two types of distortion. Panel B) Results of the data-driven
auditory profiling as used in Sanchez-Lopez et al. (2018). Listeners are located in the square representation based on the results of the archetypal analysis.
Panel C) Probabilities of the participants of the study to be identified as belonging to any of the four auditory profiles. Listeners located close to a corner exhibit a
high probability of belonging to that profile. The observations in grey are listeners with a low probability (<0.5) of belonging to any of the four profiles.
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Fig. 5: Fast spectro-temporal modulation
sensitivity. The performance of Profiles A , B
and D was significantly better than that of
Profiles C. Some Profile C listeners were not
able to perform the test or obtained
thresholds close to the fully modulated
condition (0 dB).

Fig. 3: Binaural processing abilities, Left panel: shows the frequency threshold
for detecting an interaural phase difference (IPD) of 180. Profile B has the
lowest median (~500Hz) and profile D the highest. Right panel: scores for
binaural pitch (BP) detection scores . The 25th percentile of the overall data is
~80%. Profile C listeners exhibit a reduced ability to perceive BP.
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B) Data-Driven profiling1

*n* probability > 0.5 to be ”unidentified”.
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