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Speech communication is one of the most 
important aspects of the human auditory 
system. In everyday life, conversations 
usually occur in the presence of back-
ground noise. Hearing impaired listeners 
very often complain especially about pro-
blems with understanding speech in noi-
sy situations. Therefore, the diagnostics 
and rehabilitation of hearing loss should 
include speech audiometry in noise.

Matrix Tests resemble everyday situations 
(listening to complete sentences in noise) 
while being very accurate measurement 
tools. Therefore Matrix Tests can be used 
to test the performance of hearing devices 
in realistic situations and to show diffe-
rences between various devices. Matrix 
Sentence Tests are adaptive speech in 
noise tests for determining the speech 
reception threshold (SRT) with a precisi-
on in the range of ±1 dB. The sentences 
of Matrix Tests are composed with the 
same structure (e.g. in English from the 
categories: name, verb number, adjecti-
ve and noun, like “Lucy kept nine green 
flowers”). Test lists are generated by crea-

ting seemingly random sentences from an 
inventory (a matrix) of fifty words, i.e. ten 
words per category. Despite the random 
composition, every sentence is syntacti-
cally correct. This way, up to 100,000 dif-
ferent sentences can be generated which 
makes it impossible to memorize them. 
Thus, after a short training, Matrix Tests 
can be repeatedly conducted with the 
same patient without affecting the test 
results.

The audiometrist does not even have to 
speak the language of the patient: Matrix 
Tests can be conducted in a closed test 
format, meaning that the patient sees the 
matrix of possible words on a computer 
screen and can select the words that he 
or she just heard. This means that Matrix 
Tests can be used anywhere in the world 
where speech audiometry in the respecti-
ve language might be necessary. Because 
of the similar structure of all Matrix Tests, 
the results of different language versions 
can easily be compared.

Application of Matrix Test

Matrix Tests are implemented in profes-
sional audiology software for use with 
patients (Oldenburg Measurement Appli-
cations, OMA). The software is compa-
tible with several commercially available 
audiometers. Matrix tests are usually 
conducted with an adaptive procedure 
aiming for the 50% threshold of speech 
intelligibility in noise (the SRT). It is also 
possible to adapt to other thresholds bet-
ween 20% and 80% speech intelligibility.

For the adaptive measurements, the noi-
se level is kept constant at a level that 
is clearly audible to the patient (default 
is 65 dB). The first sentence is presen-
ted with a signal to noise ratio (SNR) of 
0 dB. For the following presentations, the 
speech level is adapted according to the 
preceding response of the patient. This 
is done automatically by the software. If 
the patient correctly repeats three to five  
of the presented words, the speech level  

 

of the next presentation is reduced. If the 
patient correctly repeats less than three 
words, the speech level of the next pre-
sentation is increased. The step sizes are 
variable. The adaptive procedure approa-
ches the SRT which is determined using a 
maximum likelihood estimator.

The patient usually listens to the sen-
tences presented from the frontal loud-
speaker or monaurally via audiometric, 
free-field equalized headphones. The 
sentences are presented along with the 
test-specific noise. In typical cases, the 
noise is only played back during the 
presentation of a sentence. If desired, 
the software also allows for continuous 
playback of the noise during the whole 
measurement. This can be of importance 
in case of measurements with hearing de-
vices in order to ensure that the devices 
are in their optimal operating mode all 
the time.

International Matrix Tests 
Reliable speech audiometry in noise

Sample measurement trace illustrating the adaptive procedure for determining the speech recep-

tion threshold (SRT).

Key Features of International Matrix Tests
• Relevant for daily life

• Quick and reliable threshold measurement

• Unlimited repeated measurements possible

• Suitable for any degree of hearing loss

• Wide language portfolio



54

TYPICAL TEST SETUP (1) : RESULT OF BINAURAL HEARING AID PROVISION

speech and
noise

hearing device

unaided aided

speech and
noise

Binaural hearing aid provision

To check the result of hearing aid
provision in free field using the
matrix test (after sufficient training), 
the speech reception threshold
(SRT) measured binaurally with
speech simulating noise at a level
of 45 dB has to be improved (i.e. 
reduced) by > 2 dB in the same 
spatial configuration.

Typical test setup (1) : Benefit of hearing aid provision
To check the result of hearing device provision in free field using the matrix test (after 

sufficient training), the speech reception threshold (SRT) measured binaurally with 

speech simulating noise has to be improved (i.e. reduced) by a significant amount in 

the same spatial configuration (e.g. S0N0).

Matrix Tests can be conducted with test 
lists of 20 or 30 sentences. The duration 
of a typical 20 item test list is about 4 mi-
nutes. For practical clinical applications, 
test lists of 20 sentences are usually suf-
ficient. However, if a more reliable mea-
surement of the SRT is desired, 30 item 
test lists can be used. The accuracy in 
threshold estimation of the 20 item test 
lists usually is on the order of 1 dB. Due to 
the training effect of Matrix Tests, a trai-
ning session with two 20 item test lists is 
necessary.

The typical procedure that has been de-
scribed so far is especially useful for dia-
gnostics. If the SRT obtained in one fixed 
spatial configuration is compared to refe-
rence SRT distributions for normal hearing 
test subjects in the same configuration, 
the amount of hearing impairment related 

to speech intelligibility in noise can be 
established. Small differences in SRT can 
mean considerable differences in speech 
intelligibility. This is due to the steep in-
telligibility function of Matrix Tests. An 
SRT difference of just 3 dB can mean a 
difference in speech intelligibility of up to 
40% for normal hearing listeners.

In addition to diagnostics, the Matrix Test 
can also be used for comparing different 
situations for the same patient, e.g. aided 
vs. unaided, pre-op vs. post-op, different 
hearing devices or different settings of 
the same hearing device. In these cases 
the test is usually presented via louds-
peaker. As the Matrix Test is a speech in 
noise test, speech and noise can also be 
presented from different directions. That 
way, a wider range of realistic situations 
can be assessed.

Typical use of Matrix Tests

• Standardized test instruction for each patient (see next page)

• Training with two test lists (first at constant, clearly above threshold SNR;  

   then with adaptive procedure)

• Noise level: 65 dB (or higher if required to be audible)

• Start SNR for adaptive procedure: 0 dB SNR

• Target SRT: 50% speech reception threshold

• Spatial configuration for free field presentation: S0N0 (i.e. speech and noise 

   from the same loudspeaker from the front). Other configurations are possible.

• For diagnostics: monaural headphone measurement

• Aided measurements should be performed with continuous noise setting

Suggested test instructions for Matrix Tests

This is a test which assesses your ability to hear speech in noisy situations. For 

this purpose, you will be presented with a list of twenty sentences with back-

ground noise.

Each sentence consists of five words and always has the same structure: name, 

verb, numeral, adjective and noun, for example “Peter ordered three large 

desks”. The sentences are not necessarily meaningful.

Please repeat the sentence after each presentation. Each word counts as a point, 

so if you cannot get the entire sentence, repeat any word you hear. You may 

guess if you are uncertain.

 There will be some sentences that are easy to understand and others where 

you might not understand any of the words. That is part of the test so do not get 

discouraged, just repeat what you can. 

If the sentences are too loud at any point, please let me know. 

Do you have any questions?
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The American English Matrix Test 

Properties of the American English Matrix Test

Expected SRT range for normal hearing individu-

als: -8.6 ± 0.9 dB SNR (mean ± standard deviation) 

for adaptive measurements

Slope of psychometric function: 13.3 %/dB

Reference: Zokoll MA, Warzybok A, Carroll R, 

Kreisman B, Allen P, Wagener KC, Kollmeier B (in 

preparation). Design, Optimization, and Evalua-

tion of an American English Matrix Sentence Test 

in Noise.

speechspeech

noise

unaided

aided on one side aided on both sides

TYPICAL TEST SETUP (2): BENEFIT OF A SECOND HEARING DEVICE

Benefit of a second hearing device

The proof of benefit of a second
hearing aid can be done with the
matrix test in noise (after sufficient
training) by first measuring the
speech reception threshold (SRT) 
with monaural hearing device
provision (spatial configuration: 
speech from front, noise from 90- on 
the aided side). The benefit of a 
second hearing device is proven if in 
the same spatial configuration with
binaural hearing device provision an 
improvement (i.e. reduction) of the
SRT of = 1.5 dB is reached.

Typical test setup (2): Benefit of a second hearing device
The proof of benefit of a second hearing aid can be done with the matrix test in noise 

(after sufficient training) by first measuring the speech reception threshold (SRT) with 

monaural hearing device provision (spatial configuration: speech from front, noise from 

90° on the aided side). The benefit of a second hearing device is demonstrated if in the 

same spatial configuration with binaural hearing device provision an improvement (i.e. 

reduction) of the SRT by a significant amount is reached.
OLSA UND GÖSA IM VERGLEICH

speech

noise

speech

noise

better/normal hearing deviceworse

unaided aided

TYPICAL TEST SETUP BENEFIT OF HEARING DEVICE

Benefit of a single hearing device

The proof of benefit of a single
hearing aid can be done with the
matrix test in noise (after sufficient
training) by first measuring the
speech reception threshold (SRT) 
without hearing device provision
(spatial configuration: speech from
front, noise from 90- on the better
side). The benefit of a hearing device
is proven if in the same spatial
configuration with hearing device
provision on the worse ear an 
improvement (i.e. reduction) of the
SRT of = 1.5 dB is reached.

: 

Typical test setup (3): Benefit of a single hearing device
The proof of benefit of a single hearing aid can be done with the matrix test in noise 

(after sufficient training) by first measuring the speech reception threshold (SRT) without 

hearing device provision (spatial configuration: speech from front, noise from 90° on the 

better side). The benefit of a hearing device is demonstrated if in the same spatial confi-

guration with hearing device provision on the worse ear an improvement (i.e. reduction) 

of the SRT by a significant amount  is reached.
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The Finnish Matrix Test 

Properties of the Finnish Matrix Test

Expected SRT range for normal hearing individu-

als: -9.7 ± 0.7 dB SNR (mean ± standard deviation) 

for adaptive measurements

Slope of psychometric function: 16.7 %/dB

Speech rate: 226 ± 19 syllables per minute

Reference: Dietz A, Buschermöhle M, Aarnisalo AA, 

Vanhanen A, Hyyrynen T, Aaltonen O, Löppönen H, 

Zokoll MA, Kollmeier B (2014). The development 

and evaluation of the Finnish Matrix Sentence Test 

for speech intelligibility assessment. Acta Oto-

Laryngol. 

The Arabic Matrix Test 

Properties of the Arabic Matrix Test

Reference: Buschermöhle M, Zokoll MA, Abdulhaq 

N, Hochmuth S, Kollmeier B (in preparation). Deve-

lopment of a test procedure for speech audiometry 

in noise for Modern Standard Arabic: The Arabic 

Matrix Test

in association with
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The German Matrix Test 

Properties of the German Matrix Test

Expected SRT range for normal hearing individu-

als: -7.1 ± 1.1 dB SNR (mean ± standard deviation) 

for measurements at constant level

Slope of psychometric function: 17.1 %/dB

Speech rate: 233 ± 27 syllables per minute

Reference: Wagener KC, Brand T, Kollmeier B 

(1999). Entwicklung und Evaluation eines Satz-

tests für die deutsche Sprache Teil III: Evaluation 

des Oldenburger Satztests. Z. Audiol. 38(3):86-95

The French Matrix Test 

Properties of the French Matrix Test

Expected SRT range for normal hearing individu-

als: -6.0 ± 0.6 dB SNR (mean ± standard deviation) 

for measurements at constant level

Slope of psychometric function: 14.0 %/dB

Reference: Jansen S, Luts H, Wagener KC, Koll-

meier B, Del Rio M, Dauman R, James C, Fraysse 

B, Vormès E, Frachet, B, Wouters J, van Wieringen 

A (2012). Comparison of three types of French 

speech-in-noise tests: A multi-center study. Int. J. 

Audiol. 51(3) 164-173
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The Polish Matrix Test 

Properties of the Polish Matrix Test

Expected SRT range for normal hearing individu-

als: -8.0 ± 1.3 dB SNR (mean ± standard deviation) 

for adaptive measurements

Slope of psychometric function: 21.8 %/dB

Reference: Ozimek E, Warzybok A, Kutzner D 

(2010). Polish sentence matrix test for speech 

intelligibility measurement in noise, Int. J. Audiol. 

49:444-454

Note:

The adaptive procedure of the Polish Matrix Test 

employs sentence scoring.

The Italian Matrix Test 

Properties of the Italian Matrix Test

Expected SRT range for normal hearing individu-

als: -6.7 ± 0.7 dB SNR (mean ± standard deviation) 

for adaptive measurements

Slope of psychometric function: 14.3 %/dB

Reference: Hochmuth S, Zokoll MA, Carroll R, 

Kollmeier B (2013). Matrix Sentence Tests in Noise 

for the Italian language. Abstracts of the 11th EFAS 

Congress Budapest
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The Spanish Matrix Test 

Properties of the Spanish Matrix Test

Expected SRT range for normal hearing individu-

als: -6.2 ± 0.8 dB SNR (mean ± standard deviation) 

for adaptive measurements

Slope of psychometric function: 13.1 %/dB

Reference: Hochmuth S, Brand T, Zokoll MA, 

Zenker Castro F, Wardenga N, Kollmeier B (2012). A 

Spanish matrix sentence test for assessing speech 

reception thresholds in noise. Int. J. Audiol. 51(7) 

536-544

The Russian Matrix Test 

Properties of the Russian Matrix Test

Expected SRT range for normal hearing individu-

als: -8.8 ± 0.8 dB SNR (mean ± standard deviation) 

for adaptive measurements

Slope of psychometric function: 14.0 %/dB

Reference: Boboshko M, Warzybok A, Zokoll MA, 

Maltseva N (2013) RUMatrix test: construction, 

evaluation and clinical validation. Otorhinolaryn-

gologia Hungarica. Vol. 59, N 2.-P. 49 (Abstracts of 

the 11th EFAS Congress Budapest).
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German

English (US)

Turkish

Spanish

Finnish

International Matrix Tests 

Available as Medical Device

Polish

Russian

French

Italian

English (UK)

Swedish

Danish

Norwegian

Hebrew

Arabic

Persian

Dutch

Japanese (scheduled)

Chinese (scheduled)

Hindi (scheduled)

In Development

The Turkish Matrix Test 

Properties of the Turkish Matrix Test

Expected SRT range for normal hearing individu-

als: -7.2 ± 0.8 dB SNR (mean ± standard deviation) 

for adaptive measurements

Slope of psychometric function: 14.7 %/dB

Reference: Zokoll MA, Hochmuth S, Fidan D, 

Wagener KC, Ergenç, Kollmeier B (2012). Speech 

intelligibility tests for the Turkish language. In: 

Proceedings of the 15th annual meeting of the 

German Audiological Society (DGA). ISBN 978-3-

9813141-2-0
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The Center of Competence HörTech, a 

non-profit organization located in Nort-

hern Germany and owned in part by the 

University of Oldenburg and led by Prof. 

Dr. Dr. Birger Kollmeier as scientific di-

rector, has a long standing expertise in 

the field of developing speech audiome-

tric test procedures in various languages. 

More than twenty speech tests have been 

developed here, and many of them are in 

widespread use all over the world. 

The aims of this non-profit organisation 

are to support science and research and 

to develop new methods and expertise 

concerning hearing. The institute has its 

origins in a national contest of the Ger-

man Federal Ministry of Education and 

Research. Since then, it has come to en-

joy international appreciation. Its efforts 

in basic research, which are widely renow-

ned, have contributed to improvements in 

hearing aid technology. HörTech is based 

in the „House of Hearing“ in Oldenburg.

HörTech gGmbH
Dr. Michael Buschermöhle

Marie-Curie-Straße 2

D-26129 Oldenburg 

Phone: +49 441 21 72-210

Fax: +49 441 21 72-250

E-Mail: m.buschermoehle@hoertech.de   

Trendsetting methods in audiology must  
be implemented with computer technolo-
gy if meaningful results and time-saving 
procedures are desired. The “Oldenburg 
Measurement Applications“ (OMA) soft-
ware was developed with the aim to offer 
audiologists an instrument with which 
they can conveniently conduct new me-
thods in hearing diagnostics using a flexi-
ble and modular system, no matter if their 
workplace is a clinic, a research facility or 
in the hearing acoustics branch. The offer 
ranges from classical speech tests to loud-
ness scaling and modern speech audio-
metry methods implemented in quiet  or 
noise. In cooperation with the University 
of Oldenburg and the Hörzentrum Olden-
burg, the Center of Competence HörTech 

guarantees competent implementation 
as well as continuous development of 
these methods on the basis of current 
research findings. The medical device ver-
sion of OMA is available for a number of 
professional speech audiometers.

The Oldenburg Measurement Applica-
tions were introduced in 2007 as (optio-
nal) part of particular audiometry systems 
(and thus part of a medical device). In 
March 2010,  the „Oldenburg Measure-
ment Applications“ even became an own 
medical device (due to changes in the di-
rective 92/43/EEC for medical devices).

OLKI
OLDENBURGER KINDERREIMTEST

WAKO
EINSILBER-REIMTEST

GOSA
GÖTTINGER SATZTEST

OLKISA
OLDENBURGER KINDERSATZTEST

OLSA
OLDENBURGER SATZTEST

KLS
KATEGORIALE LAUTHEITSSKALIERUNG

Oldenburg Measurement Applications 

The following modules are available:

• Adaptive Categorical Loudness Scaling (ACALOS/KLS)

• Oldenburg Sentence Test (OLSA)

• Göttingen Sentence Test (GÖSA)

• Oldenburg Children Rhyme Test (OLKI)

• Rhyme Test aaccording to von Wallenberg & Kollmeier (WAKO)

• Oldenburg Sentence Test for Children (OLKISA)

• International Matrix Tests in various languages as listed on page 17
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