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The aim of the study was to determine the signal-to-noise ratio (SNR) for the Speech Reception
Threshold (SRT) for young persons with normal hearing. The following three tests available for Polish
language were used: the New Articulation Lists (NAL-93) version of 2011, the Polish Sentence Test (PST)
and the Polish Sentence Matrix Test (PSMT). When using PST and PSMT the masking signal was babble
noise made of the language material contained in the test. For NAL-93 the masking signal was speech
noise. The speech reception threshold (SRT) was found to be (−6.8± 1.1), (−4.8± 1.6), (−3.5± 1.8) and
(−3.4± 2.0) dB SNR for PST, PSMT, NAL-93 (constant stimuli method) and NAL-93 (short method),
respectively. The values of SRT depend on semantic redundancy of the language material. Differences
in SRT were statistically non-significant only for NAL-93 (constant stimuli method) and NAL-93 (short
method). Moreover, it was shown that the time needed for presentation of a single word list (NAL-93,
short method) or single sentence list (PST, PSMT) was comparable and equal to 2–3 minutes. The
most uniform SRT values were obtained for PST. The PSMT was the least demanding for the listener,
experimenter and equipment.

Keywords: speech reception threshold in noise; Polish Sentence Test; Polish Sentence Matrix Test; new
articulation lists.

1. Introduction

The speech sounds, permitting effective share of in-
formation and capable of expressing feelings, needs and
emotions, are the main tool of communication. Speech
signals display diversity in the domain of time and fre-
quency and, at the same time, are resistant to changing
acoustic conditions (Darwin, 2010). These features
are vital for its everyday use and that is why speech
signals have been used for diagnostics of hearing loss.

The following things are important:

1) the use of speech signals in the tests permits gen-
eration of conditions resembling everyday commu-
nication and thus it allows evaluation of the actual
problems with hearing,

2) speech signals can be used in diagnostics of au-
ditory problems related not only to hearing sen-
sitivity (absolute hearing thresholds), but also to
speech intelligibility (disturbances and distortions
of signals presented on supra-threshold levels),

3) tests based on speech signals are the basis for
diagnostics of persons who have problems with
comprehension of speech against background noise
(Wilson, McArdle, 2005; Moore, Skrodzka,
2002; Habasińska et al., 2018).

For the above reasons, the masking signal was in-
troduced in the tests based on recognition of speech
signal. Its use allows determination of the signal-to-
noise ratio (SNR) at which a given person is able to rec-
ognize correctly 50% of the presented speech material,
i.e. determination of the Speech Reception Threshold
(SRT) (Kociński et al., 2014). Such an approach per-
mitted a more effective diagnostics of hearing loss that
is not always possible with the pure-tone audiometry,
which has been confirmed by many authors. For in-
stance, McArdle et al. (2005a; 2005b) have shown
that the persons with hearing loss were able to un-
derstand speech signals presented in silence in at least
80%, which is a result for normal hearing persons, while
when speech signals were presented in the presence of
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background noise, for the same persons SRT was by
6.5 dB higher than for the persons with normal hear-
ing. This experiment confirmed that testing of speech
recognition presented in masking conditions permits
detection of the hearing loss not detectable by stan-
dard diagnostic methods (the pure-tone audiometry,
the speech audiometry in silence; McArdle et al.,
2005a; 2005b). Additional benefits of the tests pre-
sented in masking noise are the possibility of carry-
ing out correct prosthetic procedure, definition of ac-
tual aims that can be reached with a given hearing
aid and hearing aid benefit (Wilson et al., 2007b),
and detection of limitations in perception of speech sig-
nals in certain acoustic conditions (Brungart et al.,
2017).

Despite the well-documented benefits of tests based
on the use of speech signals against background noise,
they have been rarely used in diagnostic work. The
reasons for this include the lack of adequate training
of the staff being accustomed to certain procedures
used for a long time and reluctance to changes in
this procedure (different diagnostic material and dif-
ferent methods of interpretation of the results; Wil-
son, McArdle, 2005). Moreover, the longer time of
diagnostics is discouraging. Till recently another prob-
lem was the lack of standardization of speech signals
permitting analysis of speech recognition in the pres-
ence of background noise (Wilson, 2003). At present
there are directives on uniformization of testing mate-
rial for many languages (Akeroyd et al., 2015). Al-
though much progress has been made in this field, dif-
ferent tests are still used in speech audiometry. The
differences are related to the language material (words,
sentences), semantic redundancy of the test, choice of
a speaker and technique of recording, method of test
performance, level of signal presentation and type of
background noise (Ozimek et al., 2007; Jansen et al.,
2012).

For Polish language a few tests for evaluation of
speech recognition presented in noise or in quiet have
been prepared: the Polish Sentence Test (PST; Ozi-
mek et al., 2009), the Polish Sentence Matrix Test
(PSMT; Ozimek et al., 2010) and the New Articu-
lation Lists (NAL-93; Pruszewicz et al., 2011). PST
and PSMT contain sentences that can be presented
against background noise (so-called babble noise) gen-
erated on the basis of all sentences occurring in the
test (see Fig. 1). Test NAL-93 is composed of mono-
syllabic words and has been devised for the use with-
out masking noise. In our experiment the NAL-93
test was masked with speech noise that is a broad-
band speech-shaped noise implemented as a standard
in audiometers (according to the norm IEC 60645-
1:2017). Each test contained a different number of lists
of words or sentences, the tests also differed in the
method of obtaining results. For the sentences (PST,
PSMT) the adaptive method was used, whereas for

words (NAL-93) the results were obtained by the con-
stant stimuli method. For all tests (PST, PSMT, NAL-
93), the result was the value of SRT expressed in terms
of SNR.

Fig. 1. The babble noise spectrum for PST and PSMT.

The main aim of this study was to determine
to what extent these three different types of Polish
speech-in-noise tests (sentence, matrix, word) yield
similar SRTs in the presence of masking noise. More-
over, the comfort of experiment for the subject and for
the experimenter was evaluated and duration as well
as reproducibility of results obtained for particular lists
from each test were determined.

2. The method

2.1. Speech and noise material

The study was performed for three Polish tests:
the Polish Sentence Test (PST), the Polish Sentence
Matrix Test (PSMT) and the New Articulation Lists
(NAL-93) version of 2011. In all tests the speaker was
a man. Masking noise was introduced at 300 ms prior
to the test signal, the rise time and decay time were
20 ms.

PST contains everyday sentences taken from lite-
rature, TV, theater, e.g. “firma zatrudnia dwie oso-
by”. The test comprises of 37 sentence lists and each
list contains 13 highly redundant sentences. PST was
presented in babble noise as it is the most effective
masker for Polish speech tests. It was generated by
a multiple overlapping of all sentences included in the
lists, after their earlier modification (some sentences
were shifted or reversed in the time domain to ob-
tain a 10-sec masking signal). The study was per-
formed by the adaptive 1-up/1-down method; depend-
ing on the listener response the level of the next pre-
sentation was increased or decreased, at the constant
level of the masker. The response was accepted when
the whole sentence was recognized correctly (Ozimek
et al., 2009). SRT was calculated from 3 last turning
points, including the so called ‘virtual point’ (the point
calculated according to the last answer).
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PSMT was made in the form of a matrix composed
of 5 columns of 10 words in the order of name-verb-
numeral-adjective-object (see Table 1). The sentences
were generated at random by choosing one word from
each column. The 10-sentence lists obtained in this way
were semantically unpredictable and therefore they
were less redundant than the everyday sentences from
PST. The speech material in PSMT was presented in
masking babble noise that authors of PST obtained by
multiple overlapping of the sentences generated on the
basis of the matrix. PSMT was presented by the adap-
tive 1-up/1-down method, the level of the desired sig-
nal was changed in response to the listener’s answer.
The answer was assumed to be correct if all words in
the sentence were correctly recognized (Ozimek et al.,
2010). Similarly as in PST, the SRT parameter was
determined on the basis of the 3 last turning points,
including the ‘virtual point’.

Table 1. The 50-word matrix used in PSMT.

Name Verb Numeral Adjective Object

Tomasz nosi pięć dobrych piłek

Paweł woli sześć tanich gazet

Adam widzi siedem drogich soków

Maciej bierze osiem pięknych dzwonów

Michał daje dziewięć nowych opon

Anna ma dużo starych stołów

Ewa robi sto białych klocków

Maria kupi tysiąc żółtych toreb

Zofia wygra wiele czarnych okien

Julia sprzeda kilka dziwnych koszy

NAL-93 is the word test of low-redundancy and is
composed of monosyllabic words (Pruszewicz et al.,
2011). The test is divided into 10 lists of 20 words each.
The study was performed by the method of constant
stimuli; the desired signal was presented at the fixed
SNR values permitting speech recognition higher and
lower than 50%. The SRT parameter was obtained by
interpolation of SNR values for which the speech recog-
nition in noise was a little above and little below 50%.
NAL-93 is the most popular test of monosyllabic words
in Poland. In our experiment, NAL-93 was masked
with broad-band speech-shaped noise, so-called speech
noise, composed of frequencies in the range of 125–
6000 Hz and the signal decay 12 dB/oct for the fre-
quencies higher than 1 kHz (IEC 60645-1:2017). The
use of speech noise as a masking signal for NAL-93 in-
stead of babble noise needs some clarification. At the
stage of experiment preparation, babble noise similar
to standard masking signals used in PST and PSMT
(Ozimek et al., 2009; 2010) was generated for NAL-
93, and its effectiveness in masking of monosyllabic
words was evaluated. For NAL-93 masked by speech
noise and babble noise, the SRT values determined by

the short method (Subsec. 2.2) were −3.4± 2.0 dB SNR
and +3.0± 2.4 dB SNR, respectively. One-way ANOVA
(F (1, 18) = 42.67; p < 0.001) confirmed a statistically
significant difference in SRT values obtained for two
different masking noises (dependent variable – SRT
value, fixed factor – noise). A high positive value of
SRT for NAL-93 masked with babble noise should be
noted. Although this value indicates a high effective-
ness of babble noise generated from the speech material
contained in NAL-93, its use in audiological measure-
ments rises doubts that follow from the necessity of us-
ing NAL-93 signals at presentation level even by 10 dB
higher than the values specified in the norm (PN-
EN ISO 8253-2, 2010). Thus, if SRT for persons with
normal hearing was close to 7 dB SNR, even higher
values should be expected for the persons with prob-
lems with speech recognition in the presence of noise.
It would imply the need to present the test at a level
of 80 dB SPL or higher, which would increase the ef-
fect of other factors not directly related to the speech
comprehension in the presence of noise (e.g. “roll-over”
of the psychometric function for some types of hearing
loss; Wilson, McArdle, 2005). Besides, in contrast
to PST and PSMT, there is no babble noise attached to
the carrier for NAL-93. Taking into account the above,
we decided that for the experiment described as well
as for audiological measurements it is not necessary to
use a special type of noise, different from hitherto used
speech noise.

2.2. Subjects

The listeners were a group of 10 persons, from 22
to 32 years of age. Young persons were asked to take
part in the experiment in order to eliminate the effect
of age-related factors (Füllgrabe et al., 2014). The
participants had no prior knowledge of the tests and
were not paid for taking part in the study. Prior to
the experiment, the medical interview, otoscopy, the
pure-tone audiometry and the speech audiometry in
quiet were carried out. Results of the interview and
otoscopy revealed no contraindications as to participa-
tion in the experiment. The PTA (Pure-Tone Average)
did not exceed 25 dB HL and the recognition of mono-
syllabic words was not lower than 90% at the presen-
tation level of 65 dB SPL (WHO/PDH/97.3; Martin,
Clark, 2009).

3. Measuring procedure

Measurements were performed in an acoustically
insulated audiometric laboratory at the Institute of
Acoustics, Adam Mickiewicz University, Poznań. The
pure-tone audiometry and NAL-93 were generated via
Interacoustics AC40 audiometer, while the sentence
tests were carried out on a Lenovo IdeaPad 700 laptop
with earphones Sennheiser HD 600. The measurements
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were carried out using the special software written for
the Institute (Sęk, 2016) that permitted the choice of
list and initial parameters for each listener. The adap-
tive method was used and the change in the presen-
tation level depended on the recognition of the whole
sentence. The measurements were made for the better
ear of each participant.

At the first stage of the experiment, NAL-93 was
presented by two methods:

1) the constant stimuli method in which a few word
lists were presented and for each of them a differ-
ent SNR was chosen, and

2) the short method in which SNR decreased at
a step of 5 dB for each subsequent 5 words from
a list.

The second method permitted limitation of the ma-
terial presented to at most 2 lists. The measurement
was finished when the participant was not able to re-
peat any of the 5 subsequent words at the same pre-
sentation level.

In the method of constant stimuli, SRT was de-
termined in the way described in Subsec. 2.1 (PN-EN
ISO 8253-2:2010). In the short method, SRT was calcu-
lated based on the Spearman-Kärber Eq. (1) (Finney,
1952):

S = l +
d

2
−
d ⋅ n

w
, (1)

where S – the signal level at which the speech recog-
nition was 50% [dB SPL], l – the lowest level of signal
presentation at which the speech recognition was 100%
[dB SPL], d – the step at which speech signal level was
changed [dB], w – number of words presented at a given
signal level, n – number of correctly recognized words
from the list.

Substituting the values d = 5 dB, w = 5 words,
and taking into account the level of masking signal N
[dB SPL], Eq. (1) was transformed to:

SRT = S −N = (l +
5

2
− n) −N. (2)

The use of the short method permitted limitation
of the presented material to 1–2 words lists, which en-
abled to determine SRT parameter in a shorter time
than by the constant stimuli method. The aim of
the experiment was to check if the two methods pro-
vide the same results, so if it is possible to shorten
the measurements with no compromise to the results.
The noise level for all participants was 65 dB SPL, the
initial level of the desired signal was 70 dB SPL and it
was changed at a step of 5 dB.

SRT was determined for PST and PSMT in the
way described in Subsec. 2.1, on the basis of the aver-
age from the last three turning points. For PST lists
no. 5 and 8 were selected at random. The participants
were asked to indicate the words they had heard in the

sentence from those presented on the screen. The ini-
tial level of the speech signal was 68 dB SPL and for
the first 4 sentences it was changed at a step of 2 dB,
while for the subsequent ones at a step of 1 dB. The
noise level was 70 dB SPL. The level values of noise and
speech signals were chosen on the basis of the study by
Ozimek et al. (2009).

PSMT test was similar to PST, the difference was
that the words presented on the screen were replaced
with a matrix made of 5 columns of 10 words on the
basis of which subsequent sentences were generated.
The initial level of speech and noise presentation was
the same, of 65 dB SPL, as recommended by Ozi-
mek et al. (2010). The lists were chosen at random by
the software and each participant was asked to listen to
two of them. No preliminary training in which the par-
ticipants could listen to the material was made, which
is a deviation from the procedure recommended for the
matrix type tests (Jansen et al., 2012). However, such
a decision was motivated by a routine of clinical test-
ing, where testing time restrictions prohibit sufficient
training.

4. Results

The SRT values obtained in the NAL-93 test de-
termined by the method of constant stimuli and the
short method are given in Table 2. The mean SRT
value obtained for all participants for the constant
stimuli method was −3.5 dB SNR (SD = 1.8 dB SNR),
while for the shortened method −3.4 dB SNR (SD =

2.0 dB SNR). These values are not in agreement with
the value of −5.4 dB SNR given in literature (Lorens
et al., 2006), which was confirmed by Student’s t-test
(t(9) = 3.38, p = 0.01 for the constant stimuli method

Table 2. SRT values obtained for NAL-93 using
the constant stimuli method and short method.

Subject

SRT [dB SNR]

Constant stimuli
method

Short method

1 −4.0 −3.0

2 −6.0 −6.0

3 −2.0 −3.0

4 −3.0 −1.0

5 −1.0 −1.0

6 −5.0 −2.0

7 −2.0 −2.0

8 −2.0 −4.0

9 −6.0 −6.0

10 −4.0 −6.0

Mean −3.5 −3.4

SD 1.8 2.0
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and t(9) = 3.15, p = 0.01 for the short method). The
differences may come from different acoustic conditions
in which the tests were carried out and from no infor-
mation on the type and level of noise used by Lorens
et al. (2006).

In order to verify if the method of constant stim-
uli and the short method provide equivalent results,
the one-way analysis of variance (ANOVA) was per-
formed. In the Tukey’s test, F (1, 18) = 0.01 was ob-
tained at the level of significance of p = 0.91, so no
statistically significant differences between the results
provided by the two methods were found (dependent
variable – SRT value, fixed factor – method).

Table 3 presents the SRT values for PST and
PSMT, obtained by the participants for the two lists
from each test, the mean value and standard deviation.
One-way ANOVA revealed statistically significant dif-
ferences between the reception threshold obtained for
PST and PSMT (F (1, 38) = 19.69; p < 0.001; depen-
dent variable – SRT value, fixed factor – test). This
difference can be explained by taking into account that

1) the range of SRT for a single participant was lower
than 2.5 dB for PST and over 4 dB for PSMT, and

2) SRT values obtained for PSMT were by about
2 dB higher than those obtained for PST.

Table 3. SRT values obtained for PST and PSMT
for two selected lists from each test.

Subject
SRT [dB SNR]

PST
(list 5)

PST
(list 8)

PSMT
(list 1)

PSMT
(list 2)

1 −5.3 −6.3 −6.7 −5

2 −7.7 −5.3 −6.3 −4.7

3 −7.3 −6.7 −2.3 −5.7

4 −4.3 −6.3 −4.3 −2.7

5 −7.0 −7.3 −4.3 −2.3

6 −8.0 −8.7 −3.3 −7.7

7 −6.7 −7.3 −3.7 −4.0

8 −7.0 −7.3 −5.0 −5.0

9 −7.7 −7.7 −6.7 −8.0

10 −5.3 −6.0 −4.3 −4.0

Mean −6.6 −6.9 −4.7 −4.9

SD 1.2 1.0 1.5 1.9

5. Discussion

5.1. NAL-93

The possibility of using Eq. (2) to obtain SRT pa-
rameter for NAL-93 permits a significant shortening of
the time of testing as only one or two word lists need
to be presented. The language material in NAL-93 is
much limited. A smaller number of lists that need to be

presented permits a repeated use of NAL-93 as the par-
ticipants have no chance to remember the speech mate-
rial, i.e. there is no effect of training (Niewiarowski,
2013). The one-way ANOVA results for all the NAL-
93 material proved that SRT value is independent of
the choice of list (F (7, 72) = 2.12, p = 0.05; dependent
variable – SRT value, fixed factor – word list). Analy-
sis of the mean value and SD obtained for a given list
(list no. 7) from NAL-93 revealed greater variety of
results between the participants than for the sentence
tests (see Table 4). During the experiment we noted
a few issues that seem to question the accuracy of the
NAL-93 test:

1) Upon presentation of the material (list no. 1),
both in quiet and in speech noise, some of the
words were incorrectly recognized even at a high
sound level (65 dB SPL). It was noted in partic-
ular for the words /plus/ and /pit/ which were
understood as /blus/ and /bit/. The reasons can
be the lack of earlier acquaintance with the ma-
terial (which is the condition of using NAL-93),
similarity of the misrecognized sounds (voiceless
pronunciation and low energy), poor quality of
recording and specific character of the speaker’s
voice. In case of using a classical constant stimuli
method it was not a problem, but it significantly
adversely affected the use of the short method.

2) The use of the short method for NAL-93 leads to
disturbances to acoustic, phonetic and structural
equilibration of the speech material. The lists
of words in NAL-93 were generated so that each of
them contained the same acoustic-phonetic struc-
tures (Jassem, 1973). Presentation of a complete
list at a fixed sound level maintains the features of
equilibration. When the intensity of the stimulus
within the same list was changed (needed for the
use of Eq. (2)), at each sound level only a part of
the structures was presented. Although it could
affect the speech comprehension, analysis of the
results did not confirm this possibility.

3) The influence of experimenter they had on the re-
sults was significant, in particular when the par-
ticipant whispered the words (his/her response)
or when the participant gave a few versions of
the word they had just heard. The experimenter
had to interpret the response and thus influenced
the result (1 to 2 words per list). The problem

Table 4. SRT values averaged over all participants obtained
for Polish language tests (NAL-93, PST and PSMT).

Test
SRT [dB SNR]

Mean SD

NAL-93 −3.4 2.0

PST −6.8 1.1

PSMT −4.8 1.6
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could be eliminated if the participants were asked
to write or choose their responses from a given list
of words.

5.2. PST

The usefulness of PST comes from the simplicity
of examination (test procedure and SRT determina-
tion), short time of measurement and reproducibility
of results for different lists. In contrast to NAL-93, the
PST results were significantly dependent on cognitive
factors. In the experiment we used a panel containing
a set of words from which the participants were asked
to choose the words they heard. Although it facilitated
the collection of results, it demanded greater engage-
ment of the listener. The participants complained that
the necessity of finding the right words in the panel
made it more difficult for them to memorize the whole
sentence. Frequent mistakes in responses were caused
by attention distraction and the appearance of words
of similar spelling on the screen, e.g. /groszy/ and
/gorszy/. Another problem was related to grammati-
cal mistakes, e.g. /tą książkę/ instead of /tę książkę/).
In order to avoid the effect of the mistakes on deter-
mined SRT, the role of the experimenter was essential
as they controlled the procedure of the choice of words
that could influence the SRT value.

5.3. PSMT

The results obtained for PSMT were also signifi-
cantly affected by the cognitive factors:

1) the participants had problems with remembering
the whole sentence because of the necessity of
checking up each word in the matrix,

2) the use of one set of words for the whole sentence
list caused problems following from mixing up the
contents of subsequent presentations,

3) the cognitive neutrality of the sentences was ques-
tioned as certain elements of the test aroused some
associations, distracting the attention from the
sentence.

An important problem was the lack of dynamic
equilibrium between the subsequent words in the sen-
tence (the first word was evaluated as less loud than
the other words). A possible reason for lower repro-
ducibility of the SRT for PSMT for individual partic-
ipant (in comparison with PST) could be the number
of sentences presented. Determination of SRT by the
adaptive method is related to the necessity of obtain-
ing of at least three turning points. As the material
in the PSMT test was rather modest (10 sentences in
a list), each mistake had a significant effect on the final
result. In order to be able to make effective use of the
adaptive method we tried to resolve this problem. One
of the proposed solutions was a greater change in SNR
for subsequent sentences. However, it was related to

a greater scatter of SRT values. Another proposition
was to decrease SNR for the first sentence in order
to get SRT quicker. This solution was also ineffective
because of incorrect responses of some participants al-
ready for the first sentences in the list. We finally de-
cided to double the number of sentences in the list, sim-
ilarly as it has been proposed by Ozimek et al. (2010),
which permitted obtaining a greater number of turn-
ing points. Although this solution extended the time
of examination, it ensured determination of a more ac-
curate SRT value.

5.4. Comparative analysis

In order to verify the usefulness of Polish language
tests, their comparative analysis was made. The anal-
ysis concerned the SRT values and homogeneity, the
effect of redundancy on the results, simplicity and time
of experiments. The results from each pair of tests were
subjected to one-way ANOVA analysis. In all compar-
isons the analysis revealed statistically significant dif-
ferences between the results (F (1, 28) = 35.67; p <

0.001 for NAL-93 and PST; F (1, 28) = 4.16; p = 0.05
for NAL-93 and PSMT; F (1, 38) = 19.69; p < 0.001
for PST and PSMT; dependent variable – SRT value,
fixed factor – test)1. The results of ANOVA mean that
for correct evaluation of the speech reception threshold
for Polish language it is necessary to take into account
the SRT parameter together with the test used for its
determination. The results obtained for NAL-93, PST
and PSMT should be interpreted independently.

Table 4 presents the SRT values averaged over
all participants for particular tests. The results are
strongly correlated with redundancy of the mate-
rials analyzed. The greatest scatter of SRT values
(SD = 2 dB SNR) was obtained for the low-redundancy
monosyllable word test NAL-93, in which the recog-
nition of words was hindered by the lack of context
and lack of training prior to the examination. The
results of PSMT, in which the understanding of sen-
tences was established on the basis of the choice of
words from a matrix, were characterized by higher uni-
formity (SD = 1.6 dB SNR). The lowest standard de-
viation (SD = 1.1 dB SNR) was obtained for highly
redundant PST, which was explained as related to the
presentation of words (to be selected) on the screen
and the possibility of making use of the context for cor-
rect understanding of sentences. The language mate-
rial characterized by diversity in the aspect of the con-
tents and redundancy, makes an important tool in au-
diological examination. The diversity permits the use
of tests for examination of different traits of the ear
(Surmanowicz-Demenko, 2011).
1The difference between the averaged values obtained for the

word and matrix tests was bordering on the limit of significance.
However, taking into account the use of the tests, this result was
evaluated as insufficient to assume that the results are equiva-
lent.
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Another element of analysis was the evaluation of
the difficulties in taking particular tests. The least de-
manding was PSMT as:

1) the respondent needed only a computer software
and properly calibrated earphones, so no advanced
hardware was needed, and

2) experimenter interference was unnecessary.

The experimenter’s task was to start the computer
program. A similar test was PST, however, it de-
manded more attention from the experimenter. The
NAL-93 test was the most difficult, which was related
to the need of using the audiometer and active engage-
ment of the experimenter.

The time of the NAL-93, PST and PSMT tests re-
alization was similar. Presentation of a single word or
sentence list took on average 2–3 minutes, depending
on the pace of the participants response. For NAL-
93 the time of realization was determined for the short
method of measurements. The use of the constant stim-
uli method in NAL-93 or increase in the number of
sentences in the matrix test would considerably extend
the time of examination.

5.5. Comparison with previous results

On the basis of literature results, the SRT val-
ues obtained for the language material presented in
background noise were validated. The speech recep-
tion threshold for NAL-93 was −3.4 dB SNR and was
by 2 dB higher than −5.4 dB SNR reported by Lorens
et al. (2006). The reasons for the differences can be:

1) different method of SRT determination – in our
experiment (short method) only one list of words
was used and SRT was calculated from Eq. (2).
Lorens et al. (2006) interpolated the results ob-
tained for three selected SNRs, presenting three
lists of words at each level,

2) the masking signal used by Lorens et al. has
not been comprehensively described – the SRT
value they obtained was −5.4 dB SNR for NAL-93
but no information has been given on background
noise (see Table 5).

SRT obtained for the Polish language word test
(NAL-93) was compared with the results of the English

Table 5. Comparison of results of a Polish and English word tests and SRT values obtained (reported by different authors
and obtained in the current study).

Test Speaker gender Masker Mean SRT [dB SNR] Subjects

NAL-93
(current study)

male speech noise −3.4 (± 2.0) 10

NAL-93
(Lorens et al., 2006)

male (no information) −5.4 20

WIN
(Wilson et al., 2007a)

female
multitalker babble 4.5 (± 1.3) 24

speech-spectrum noise 6.6 (± 1.0) 24

language WIN (Words in Noise) test in which monosyl-
labic words are presented in noise (Wilson, Burks,
2005). For the Polish NAL-93 test masked by speech
noise, SRT was −3.4 dB SNR. In the English WIN test
presented in the presence of multitalker babble, SRT
was +4.5 dB SNR, in the WIN test masked by speech-
spectrum noise, SRT was +6.6 dB SNR (see Table 5).
The differences in SRT values for Polish and English
tests could be related to differences in language and
masking noise applied. In both tests the same method
of calculation, based on Eq. (2) was used.

For PST presented in babble noise, SRT was
−6.8 dB SNR, which was by 0.6 dB lower than
−6.2 dB SNR obtained by Ozimek et al. (2009). The
methods of measurements and masking noise were the
same in both tests. Student’s t-test (t(19) = −0.86,
p = 0.40) confirmed statistically non-significant differ-
ences between the results. Small difference between the
values can follow from the number of participants and
the number of lists. In the experiment described by
Ozimek et al. (2009) the number of participants was
35 and the mean SRT was determined for 35 sentence
lists, while in our experiment 10 participants took part
and SRT was determined for 2 sentence lists. The value
SRT = −6.8 dB SNR obtained for PST is compara-
ble with −7.4 dB SNR obtained for the French lan-
guage test FIST (Luts et al., 2008) and with SRT =

−6.2 dB SNR obtained for the German language test
GÖSA (Kollmeier, Wesselkamp, 1997), in which
the speakers were men. The reasons for the differ-
ences between SRT values obtained for PST, FIST and
GÖSA can be the different number of participants, dif-
ferent masking noise, and scoring method (see Table 6).
For the sake of comparison, Table 6 presents SRT val-
ues for the other two sentence tests, for Dutch and
American language (Ozimek et al., 2009). Although
the way of presentation was the same, the values are
higher than those obtained for PST. The reason for the
differences may result from significant language differ-
ences, e.g. Polish language has the greatest number of
affricates among all European languages (it results in
an exhibition of a significant amount of energy for high
frequencies – above 5 kHz; Habasińska et al. (2018)).

For PSMT test presented in the presence of babble
noise, SRT was −4.8 dB SNR, which is by 3 dB higher
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Table 6. Comparison of results of sentence tests reported by different authors and obtained in the current study,
made for semantically predictable sentences presented by a male speaker.

Language Mean SRT
[dB SNR]

Listeners Scoring method Masker

Dutch
(Versfeld et al., 2000)

−4.0 (±0.5) 12 sentence scoring individually shaped white noise

French
(Luts et al., 2008)

−7.4 (±0.7) 20 sentence scoring stationary speech-shaped noise

German
(Kollmeier, Wesselkamp, 1997)

−6.2 (±0.3) 20 word scoring superposition of monosyllabic words

American
(Nilsson et al., 1994)

−2.9 (±0.8) 18 sentence scoring stationary speech-shaped noise

Polish
(Ozimek et al., 2009)

−6.2 (±0.2) 35 sentence scoring babble noise

Polish (current study) −6.8 (±1.1) 10 sentence scoring babble noise

Table 7. Comparison of the results of matrix tests reported by different authors and obtained in the current study.
SRT values obtained by adaptive method.

Language Speaker Mean SRT [dB SNR] Subjects

German
(Brand et al., 2004)

male −6.3 (±0.6) 20

Italian
(Puglisi et al., 2015)

female −7.4 (±0.8) 55

Polish
(Ozimek et al., 2010)

male −8.0 (±1.3) 30

Polish (current study) male −4.8 (±1.6) 10

Russian
(Warzybok et al., 2015)

female −9.4 (±0.8) 77

Spanish
(Hochmuth et al., 2012)

female −7.2 (±0.7) 68

than SRT = −8 dB SNR reported by Ozimek et al.
(2010). Student’s t-test (t(19) = 9.70, p < 0.001) in-
dicated statistically significant differences between the
results. The difference could be related to:

1) different number of participants,
2) different number of lists (in our experiment the

SRT value was calculated for 2 sentence lists, while
in the Ozimek et al. (2010) 10 sentence lists were
used),

3) different number of sentences on a single list (in
our experiment lists comprised of 10 sentences,
while in the Ozimek et al. experiment there were
20 sentences on each list).

The matrix tests for the majority of languages are
made according to the same rules (Akeroyd et al.,
2015), their universal character permits making com-
parisons. Table 7 presents SRT values obtained for
the European matrix tests, in which the SRT value
was determined by the adaptive “closed-set” method.
For each European language test mentioned in the
table, SRT values were smaller than those obtained
in our experiment. The closest result was obtained

for the German matrix test (−6.3 dB SNR; Brand
et al., 2004). It was also the only test of the com-
pared ones in which the speaker was a man. The SRT
values for the other matrix tests were in the range
from −7.2 dB SNR for the Spanish test (Hochmuth
et al., 2012) to −9.4 dB SNR for the Russian test
(Kollmeier et al., 2015). By a few dB higher value
of SRT obtained in our study (compared to other lan-
guages) can be related to a different way of scoring –
only in the Polish matrix test not individual words but
sentences were scored.

6. Conclusions

On the basis of the results obtained in our experi-
ment for young participants, the following conclusions
can be drawn:

• For the Polish Sentence Test (PST) presented in
babble noise generated from the sentence material
used in this test: SRT = −6.8± 1.1 dB SNR.

• For the Polish Sentence Matrix Test (PSMT)
presented in babble noise generated from the
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sentence material used in this test: SRT =

−4.8± 1.6 dB SNR.

• For the New Articulation Lists (NAL-93) pre-
sented in speech noise, SRT = −3.4± 2.0 dB SNR
when the examination was performed by the
short method. When the examination was per-
formed by the constant stimuli method: SRT =

−3.5± 1.8 dB SNR. No statistically significant dif-
ferences in SRT were revealed by these two meth-
ods.

• The time needed for presentation of a single word
list (NAL-93, short method) or a single sentence
list (PST, PSMT) is comparable and equal to 2–3
minutes.

PSMT test is the least demanding as to the hard-
ware and other equipment needed and is the sim-
plest both for the participants and the experimenter.
The most difficult and experimentally demanding
is the NAL-93 test.
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