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Description

[0001] The present invention relates to a hearing test
system.

BACKGROUND OF THE INVENTION

[0002] Generally hearing screening or hearing test
methods that allow the hearing loss of an individual to be
tested are well known in the art.
[0003] Perhaps the most widespread method is based
on pure tone tests, where the individual to be tested (i.e.
the test person) is presented for a tone at a specific fre-
quency and at first at a very low level that most probably
is not audible for the test person, where after the level of
the tone is progressively increased until the test person
indicates that the tone is audible whereby the hearing
threshold may be established, and from that the hearing
loss at that specific frequency as compared to normal
hearing subjects may be derived. In order to fully char-
acterize the hearing loss the test may be repeated for
other frequencies in the audible range.
[0004] This type of test has been offered as online test
for many years. Hereby individuals that suspect they may
have a hearing loss can take the test at home and without
having to make an appointment and travel to a hearing
care professional.
[0005] However, this type of test requires relatively pre-
cise calibration of the electro-acoustical output transduc-
er applied by the test person.
[0006] Another widespread approach for estimating
hearing loss is based on the test person’s ability to un-
derstand speech. This type of tests is generally known
as intelligibility tests. Often interference noise is super-
imposed onto the speech because hearing impaired peo-
ple often find it particularly difficult to understand speech
in noise. However, this type of test is characterized in
that the required feedback from the test person is some-
what more complex than just indicating when a tone is
audible because the user feedback typically requires a
visual display where a number of words or sentences are
given for selection by the user. The methods for estimat-
ing a hearing loss based on the achieved intelligibility
scores are likewise relatively complex. An additional
complexity for this type of test, especially with respect to
using them on-line, stems from the fact that they are lan-
guage dependent. Furthermore this type of test is rela-
tively time consuming.
[0007] These types of test are also characterized in
that they are quite sensitive to the level of background
noise while performing such a test.
[0008] It is therefore a feature of the present invention
to provide a hearing test system that can provide an im-
proved hearing test.
[0009] It is another feature of the present invention to
provide a hearing test system that can provide a hearing
test that is relatively insensitive to calibration of the
acoustical output.

[0010] It is yet another feature of the present invention
to provide a hearing test system that can provide a hear-
ing test that is language independent.
[0011] It is still another feature of the present invention
to provide a hearing test system that can provide a hear-
ing test that is simple to carry out for the test person.
[0012] It is another feature of the present invention to
provide a hearing test system that can provide a hearing
test that is relatively insensitive to the background noise
level while performing such a test.
[0013] It is a feature of the present invention to provide
a hearing test system that can provide a hearing test that
may be carried out by the test person in a very short time.
[0014] Document US 2010/268115 A1 discloses a
computer-assisted method and device for diagnosis of
hearing loss.

SUMMARY OF THE INVENTION

[0015] The invention, in a first aspect, provides a hear-
ing test system according to claim 1.
[0016] This provides an improved hearing test system.
[0017] Further advantageous features appear from the
dependent claims.
[0018] Still other features of the present invention will
become apparent to those skilled in the art from the fol-
lowing description wherein the invention will be explained
in greater detail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] By way of example, there is shown and de-
scribed a preferred embodiment of this invention. As will
be realized, the invention is capable of other embodi-
ments, and its several details are capable of modification
in various, obvious aspects all without departing from the
invention. Accordingly, the drawings and descriptions will
be regarded as illustrative in nature and not as restrictive.
In the drawings:

Fig. 1 illustrates highly schematically a computerized
device according to an embodiment of the in-
vention; and

Fig. 2 illustrates highly schematically an external
server and a computerized device according to
an embodiment of the invention.

DETAILED DESCRIPTION

[0020] Within the present context the term software ap-
plication may be construed to comprise a program stor-
age for storing an executable executable program, and
a processor for executing said program. However, the
term software application may also be construed to mean
a non-transitory computer readable medium carrying in-
structions that may be executed by a computer.
[0021] The inventors have found that the difference be-
tween the sound level perceived as most comfortable by
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the test person (which in the following will be denoted
Most-Comfortable-Level (MCL)) and the sound level per-
ceived by the test person as being at the threshold of
what the test person can perceive (which in the following
will be denoted threshold) can be used to screen for a
hearing loss. In the following this difference between
MCL and threshold will be denoted Threshold-to-Com-
fortable-Level Range (TCLR).
[0022] The basic premise is that the value of the MCL
is tied to the threshold values. It is a specific advantage
of the present invention that the difference between the
threshold and the MCL is independent on calibration of
the sound output provided by the electro-acoustical out-
put transducer of the hearing test system, as long as both
threshold and MCL are measured with the same system.
[0023] The Table below illustrates how the absolute
hearing threshold given in decibel Hearing Loss (dB HL)
can be determined based on the measured Threshold-
to-Comfortable-Level Range (TCLR), given in dB:

[0024] Thus within the present context a distinction is
made between the measured TCLR which is typically
given in dB and the determined absolute threshold which
is given in dB HL. The relationship given in the table may
be considered true for all audible frequencies.
[0025] The dB HL is a well known scale within the art
of asserting hearing loss and is determined as a sound
level relative to the quietest sound level that a young
healthy individual ought to be able to hear. In a clinical
audiogram test pure tones between say 250 and 8000
Hz are presented at varying sound output levels in order
to determine a test person’s pure tone detection thresh-
olds (the quietest audible sounds) in the left and right
ear. Thresholds between -10 and +20 dB HL are consid-
ered in the normal range, while thresholds above say 20
or 25 dB HL are considered to represent at least a mild
hearing loss.
[0026] It is a specific advantage of the present inven-
tion that it is not necessary to know the reference value

Absolute Threshold [dB HL] TCLR [dB]

0 60

10 55

20 45

30 40

40 35

50 32

60 28

70 25

80 22

90 20

100 18

of the dB scale used to measure the MCL, the threshold
and hereby the TCLR because it is only required to know
the difference (given in dB) between the two measure-
ments. In other words, it is not necessary to calibrate the
sound output level.
[0027] According to an embodiment of the invention
the hearing test is carried out by downloading a software
application from an external server using a computerized
device and installing the software on the computerized
device. This may especially be attractive in that it allows
the test to subsequently be carried out while the compu-
terized device is not connected to the internet.
[0028] In variations of the present invention the soft-
ware application need not be downloaded from the inter-
net but may be transferred to the computerized device
from a memory device such as a compact disc. In a further
variation the software application may be integrated in a
special purpose hearing test device during manufactur-
ing of the special purpose hearing test device. In yet an-
other variation the software application is accommodated
on an external server and accessed using an internet
browser.
[0029] Next the software application is activated by the
test person and in response hereto a test signal is pro-
vided from the computerized device and the test person
is prompted to adjust the level of the test signal, by ma-
nipulation of a handle provided by the Graphical User
Interface, until the test person perceives the test signal
as being at its most comfortable level and storing first
data representing that first test signal level using the GUI.
In a subsequent step the test person is prompted to adjust
the level of the test signal, by manipulation of the handle
provided by the GUI, until the test person perceives the
level as being barely audible and storing second data
representing that second test signal level using the GUI.
Then the software application calculates the difference
between the levels represented by the first and second
data and estimates a hearing loss of the test person by
using a look-up table capable of translating the calculated
difference into an absolute hearing loss threshold. The
table shown above can be used. Thus, assuming a TCLR
of 40 dB translates into a hearing loss of 30 dB HL while
a TCLR of 22 dB translates into a hearing loss of 80 dB
HL. Finally the GUI provides the result of the hearing loss
estimation to the test person.
[0030] According to the present embodiment the soft-
ware application prompted the test person to adjust the
level of the test signal using a horizontal slider provided
by the GUI. No time limit is set with respect to when to
store the two selected test signal levels and the test per-
son is therefore able to adjust the slider as many times
and for as long as desired.
[0031] However, it is a specific advantage of the
present embodiment that the hearing loss estimation can
be carried out in a very short time. Initial tests have shown
that on average it takes a test person less than 30 sec-
onds to complete each TCLR measurement.
[0032] In variations any type of handle may be used to
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adjust the level of the test signal and even a text based
interface if a graphical user interface is not provided by
the personal computing device.
[0033] In a variation of the present embodiment the
estimated hearing loss is compared with a threshold val-
ue, and in case the estimated hearing loss exceeds the
threshold value the test person is diagnosed as having
a hearing loss. According to further variations the thresh-
old value is set to a value in the range of 20 - 30 dB HL,
e.g. 25 dB HL.
[0034] According to the present embodiment, the
acoustical test signal is a warble tone centered at a fre-
quency of 4 kHz. A warble tone is a tone whose frequency
varies periodically several times per second over a small
frequency range.
[0035] According to further variations of the present
embodiment the software application may provide the
test person with the option to select an alternative or ad-
ditional acoustical test signal with a tone centered at an-
other frequency in the audible range, such as a center
frequency of 500 Hz or 1 kHz.
[0036] It is a specific advantage of the present inven-
tion that the frequency independence of the relationship
between the absolute threshold and TCLR allows the use
of a test signal at a relatively high frequency, such as 4
kHz, whereby the accuracy can be improved because
the detrimental impact from background noise decreases
with increasing frequency due to the fact that most daily
situations have more low frequency noise and less high
frequency noise.
[0037] In case the test person selects to apply a plu-
rality of different acoustical test signals this may be used
to provide a more detailed feedback to the test person
with respect to the characteristics (i.e. frequency depend-
ence) of her hearing loss or to provide a hearing screen-
ing with a higher accuracy.
[0038] Reference is first made to Fig. 1, which illus-
trates highly schematically a computerized device 100
according to an embodiment of the invention. The com-
puterized device 100 comprises a software application
101, a graphical user interface 102, a digital signal proc-
essor (DSP) 103 and an electro-acoustical transducer
104.
[0039] Fig. 1 illustrates how a test person 105 through
the graphical user interface 102 may communicate inter-
actively with the computerized device 100 in a manner
controlled by the software application 101. The software
application 101 is furthermore adapted to interact with
the DSP 103 such that the electro-acoustical transducer
104 can be used to provide a desired acoustical test sig-
nal.
[0040] Reference is now made to Fig. 2, which illus-
trates highly schematically a computerized device 200
and an external server 202 according to an embodiment
of the invention. The computer device 200 comprises ba-
sically the same elements as the computer device 100
from the embodiment of Fig. 1, except that the function-
ality that in the embodiment of Fig. 1 is provided by the

software application 101, in the embodiment of Fig. 2
instead is provided by a web service, that is hosted on
the external server 202 and may be accessed using the
web browser 201.
[0041] In variations of the present embodiment the
computerized device may be a smart phone, a tablet
computer, a portable personal computer or a stationary
personal computer. According to the embodiments of Fig.
1 and Fig. 2 the electro-acoustical transducer 104 is a
traditional loudspeaker. However, the loudspeaker pro-
vides the acoustical test signal to both ears simultane-
ously, which may be less advantageous in some cases,
e.g. if the person only has a hearing deficit in one ear. In
variations the software application is therefore set up to
provide an acoustical test signal that is selectively pro-
vided to either the left ear or the right ear using a set of
standard headphones or earphones connected to the
computerized device.
[0042] Considering only the method steps comprised
in the various embodiments not part of the present in-
vention these may be described as given in the following
points:

1. A method of estimating hearing loss using a com-
puterized device having an electro-acoustical output
transducer and a graphical user interface, the meth-
od comprising the steps of:

- providing an acoustical test signal,

- prompting a test person to adjust the level of the
test signal, by manipulation of a handle provided
by the graphical user interface, until the test per-
son perceives the test signal as being at its most
comfortable level,

- storing first data representing the test signal lev-
el that the test person perceives as the most
comfortable,

- prompting the test person to adjust the level of
the test signal, by manipulation of the handle
provided by the graphical user interface, until
the test person perceives the test signal as being
barely audible,

- storing second data representing the test signal
level that the test person perceives as being
barely audible,

- calculating the difference between the test sig-
nal levels represented by the first and second
data,

- estimating a hearing loss of the user based on
the calculated difference, and

- providing the result of the hearing loss estima-

5 6 



EP 3 232 906 B1

5

5

10

15

20

25

30

35

40

45

50

55

tion to the user.

2. The method according to point 1, wherein the step
of providing the result of the hearing loss estimation
to the user comprises the further steps of:

- comparing the estimated hearing loss with a
threshold value,

- diagnosing the user as having a hearing loss in
case the estimated hearing loss exceeds the
threshold value.

3. The method according to point 1 or 2, wherein the
step of estimating a hearing loss of the user based
on the calculated difference comprises the further
steps of:

- using a look-up table to translate the calculated
difference into an estimated hearing loss.

4. The method according to any one of the preceding
points, wherein the step of providing the result of the
hearing loss estimation to the user comprises the
further steps of:

- comparing the calculated difference with a
threshold value,

- diagnosing the user as having a hearing loss in
case the calculated difference is below a thresh-
old value that is selected from the range be-
tween 50 and 40 dB.

5. The method according to any one of the preceding
points, wherein the acoustical test signal has a cent-
er frequency in the range between 3 kHz and 5 kHz.

6. The method according to point 5, wherein the
acoustical test signal is a warble tone.

7. The method according to any one of the preceding
points, wherein the computerized device is a smart
phone, tablet computer, portable personal computer
or stationary personal computer.

8. The method according to any one of the preceding
points, wherein a software application is adapted to
be downloaded from an external server and subse-
quently may be executed independently of the ex-
ternal server.

9. The method according to any one of the preceding
points, wherein a software application is adapted to
be executed at least partly from an external server
and adapted to be accessed using a web browser
of the computerized device.

Claims

1. A hearing test system comprising a computerized
device having an electro-acoustical transducer, a
graphical user interface, a program storage for stor-
ing an executable program, and a processor for ex-
ecuting said program to perform the following meth-
od comprising the steps of:

- providing an acoustical test signal,
- prompting a test person to adjust the level of
the test signal, by manipulation of a handle pro-
vided by the graphical user interface, until the
test person perceives the test signal as being at
its most comfortable level,
- storing first data representing the test signal
level that the test person perceives as the most
comfortable,
- prompting the test person to adjust the level of
the test signal, by manipulation of the handle
provided by the graphical user interface, until
the test person perceives the test signal as being
barely audible,
- storing second data representing the test signal
level that the test person perceives as being
barely audible,
- calculating the difference between the test sig-
nal levels represented by the first and second
data,
- estimating a hearing loss of the user based on
the calculated difference, and
- providing the result of the hearing loss estima-
tion to the user.

2. The hearing test system according to claim 1, where-
in the step of providing the result of the hearing loss
estimation to the user comprises the further steps of:

- comparing the estimated hearing loss with a
threshold value,
- diagnosing the user as having a hearing loss
in case the estimated hearing loss exceeds the
threshold value.

3. The hearing test system according to claim 1 or 2,
wherein the step of estimating a hearing loss of the
user based on the calculated difference comprises
the further steps of:

- using a look-up table to translate the calculated
difference into an estimated hearing loss.

4. The hearing test system according to any one of the
preceding claims , wherein the step of providing the
result of the hearing loss estimation to the user com-
prises the further steps of:

- comparing the calculated difference with a
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threshold value,
- diagnosing the user as having a hearing loss
in case the calculated difference is below a
threshold value that is selected from the range
between 50 and 40 dB.

5. The hearing test system according to any one of the
preceding claims, wherein the acoustical test signal
has a center frequency in the range between 3 kHz
and 5 kHz.

6. The hearing test system according to claim 5, where-
in the acoustical test signal is a warble tone.

7. The hearing test system according to any one of the
preceding claims, wherein the computerized device
is a smart phone, tablet computer, portable personal
computer or stationary personal computer.

8. The hearing test system according to any one of the
preceding claims, wherein a software application is
adapted to be downloaded from an external server
and subsequently may be executed independently
of the external server.

9. The hearing test system according to any one of the
preceding claims, wherein a software application is
adapted to be executed at least partly from an ex-
ternal server and adapted to be accessed using a
web browser of the computerized device.

Patentansprüche

1. Hörtestsystem, umfassend ein rechnerintegriertes
Gerät mit einem elektrischakustischen Wandler, ei-
ner grafischen Benutzeroberfläche, einem Pro-
grammspeicher zum Speichern eines ausführbaren
Programms und einem Prozessor zum Ausführen
des Programms zum Ausführen des folgenden Ver-
fahrens, das die folgenden Schritte umfasst:

- Zuführen eines akustischen Testsignals,
- Auffordern einer Testperson, den Pegel des
Testsignals durch Betätigen eines Handles, das
auf der grafischen Benutzeroberfläche vorgese-
hen ist, anzupassen, bis die Testperson das
Testsignal auf seinem angenehmsten Pegel
wahrnimmt,
- Speichern von ersten Daten, die den Testsig-
nalpegel darstellen, den die Testperson als den
angenehmsten wahrnimmt,
- Auffordern der Testperson, den Pegel des
Testsignals durch Betätigen des Handles, das
auf der grafischen Benutzeroberfläche vorgese-
hen ist, anzupassen, bis die Testperson das
Testsignal als kaum noch hörbar wahrnimmt,
- Speichern von zweiten Daten, die den Testsi-

gnalpegel darstellen, den die Testperson als
kaum noch hörbar wahrnimmt,
- Berechnen der Differenz zwischen den Test-
signalpegeln, die durch die ersten und zweiten
Daten dargestellt sind,
- Schätzen eines Gehörverlusts des Benutzers
auf Grundlage der berechneten Differenz, und
- Versehen des Benutzers mit dem Ergebnis der
Gehörverlustschätzung.

2. Hörtestsystem nach Anspruch 1, wobei der Schritt
des Versehens des Benutzers mit dem Ergebnis der
Gehörverlustschätzung die folgenden weiteren
Schritte umfasst:

- Vergleichen des geschätzten Hörverlusts mit
einem Schwellenwert,
- Diagnostizieren des Benutzers mit einem Ge-
hörverlust, falls der geschätzte Gehörverlust
den Schwellenwert übersteigt.

3. Gehörtestsystem nach einem der Ansprüche 1 oder
2, wobei der Schritt des Schätzens eines Gehörver-
lusts des Benutzers auf Grundlage der berechneten
Differenz die folgenden weiteren Schritte umfasst:

- Verwenden einer Verweistabelle zum Überset-
zen der berechneten Differenz in einen ge-
schätzten Gehörverlust.

4. Gehörtestsystem nach einem der vorstehenden An-
sprüche, wobei der Schritt des Versehens des Be-
nutzers mit dem Ergebnis der Gehörverlustschät-
zung die folgenden weiteren Schritte umfasst:

- Vergleichen der berechneten Differenz mit ei-
nem Schwellenwert,
- Diagnostizieren des Benutzers mit einem Ge-
hörverlust, falls die berechnete Differenz unter-
halb eines Schwellenwerts liegt, der aus dem
Bereich zwischen 50 und 40 dB ausgewählt ist.

5. Gehörtestsystem nach einem der vorstehenden An-
sprüche, wobei das akustische Testsignal eine Mit-
tenfrequenz im Bereich zwischen 3 kHz und 5 kHz
aufweist.

6. Gehörtestsystem nach Anspruch 5, wobei das akus-
tische Testsignal ein Wobbelton ist.

7. Gehörtestsystem nach einem der vorstehenden An-
sprüche, wobei das rechnerintegrierte Gerät ein
Smartphone, ein Tablet-Computer, ein tragbarer PC
oder ein stationärer PC ist.

8. Gehörtestsystem nach einem der vorstehenden An-
sprüche, wobei eine Softwareanwendung dazu ge-
eignet ist, von einem externen Server heruntergela-
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den zu werden, und anschließend unabhängig vom
externen Server ausgeführt werden kann.

9. Gehörtestsystem nach einem der vorstehenden An-
sprüche, wobei eine Softwareanwendung dazu ge-
eignet ist, zumindest teilweise von einem externen
Server aus ausgeführt zu werden, und zum Zugriff
darauf unter Benutzung eines Webbrowsers des
rechnerintegrierten Geräts geeignet ist.

Revendications

1. Système de test auditif comprenant un dispositif in-
formatisé comportant un transducteur électro-
acoustique, une interface utilisateur graphique, une
mémoire de programme destinée à stocker un pro-
gramme exécutable, et un processeur destiné à exé-
cuter ledit programme pour mettre en oeuvre le pro-
cédé suivant comprenant les étapes de :

- fourniture d’un signal de test acoustique,
- invitation d’une personne testée à régler le ni-
veau du signal de test, par manipulation d’une
poignée fournie par l’interface utilisateur graphi-
que, jusqu’à ce que la personne testée perçoive
le signal de test comme étant à son niveau le
plus confortable,
- stockage d’une première donnée représentant
le niveau du signal de test que la personne tes-
tée perçoit comme étant le plus confortable,
- invitation de la personne testée à régler le ni-
veau du signal de test, par manipulation de la
poignée fournie par l’interface utilisateur graphi-
que, jusqu’à ce que la personne testée perçoive
le signal de test comme étant à peine audible,
- stockage d’une seconde donnée représentant
le niveau du signal de test que la personne tes-
tée perçoit comme étant à peine audible,
- calcul de la différence entre les niveaux du si-
gnal de test représentés par les première et se-
conde données,
- estimation d’une perte auditive de l’utilisateur
sur la base de la différence calculée, et
- fourniture du résultat de l’estimation de la perte
auditive à l’utilisateur.

2. Système de test auditif selon la revendication 1, dans
lequel l’étape de fourniture du résultat de l’estimation
de la perte auditive à l’utilisateur comprend les éta-
pes complémentaires de :

- comparaison de la perte auditive estimée avec
une valeur seuil,
- diagnostic de l’utilisateur comme présentant
une perte auditive dans le cas où la perte audi-
tive estimée dépasse la valeur seuil.

3. Système de test auditif selon la revendication 1 ou
2, dans lequel l’étape d’estimation d’une perte audi-
tive de l’utilisateur sur la base de la différence cal-
culée comprend les étapes complémentaires de :

- utilisation d’une table de consultation pour tra-
duire la différence calculée en une perte auditive
estimée.

4. Système de test auditif selon l’une quelconque des
revendications précédentes, dans lequel l’étape de
fourniture du résultat de l’estimation de la perte audi-
tive à l’utilisateur comprend les étapes complémen-
taires de :

- comparaison de la différence calculée avec
une valeur seuil,
- diagnostic de l’utilisateur comme présentant
une perte auditive dans le cas où la différence
calculée est inférieure à une valeur seuil qui est
choisie dans la plage comprise entre 50 et 40 dB.

5. Système de test auditif selon l’une quelconque des
revendications précédentes, dans lequel le signal de
test acoustique a une fréquence centrale dans la pla-
ge comprise entre 3 kHz et 5 kHz.

6. Système de test auditif selon la revendication 5, dans
lequel le signal de test acoustique est un son wobulé.

7. Système de test auditif selon l’une quelconque des
revendications précédentes, dans lequel le dispositif
informatisé est un smartphone, une tablette informa-
tique, un ordinateur personnel portable ou un ordi-
nateur personnel fixe.

8. Système de test auditif selon l’une quelconque des
revendications précédentes, dans lequel une appli-
cation logicielle est conçue pour être téléchargée de-
puis un serveur externe et peut ensuite être exécutée
indépendamment du serveur externe.

9. Système de test auditif selon l’une quelconque des
revendications précédentes, dans lequel une appli-
cation logicielle est conçue pour être exécutée au
moins en partie depuis un serveur externe et conçue
pour être accessible à l’aide d’un navigateur Web du
dispositif informatisé.
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