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Abstract
This paper describes the methodology used for the conception of the Slovak sentence listening test, suitable 
for speech reception thresholds (SRT) experiments in quiet and noise. The procedure on choose of suitable 
sentences in Slovak language is addressed and method on sorting them according to their intelligibility is 
described. Results shown in this paper are based on a preliminary headphone-based listening test experiments 
performed on 39 normal hearing female and male human subjects. The task of each respondent was to repeat 
presented sentence in noise, with individualized signal to noise ratio, tuned for each test person in a pre-test 
by means of the method of adjustment. The application of the newly developed well-balanced sets of sentences 
in Slovak language is twofold. Its direct usage can be seen in audiological experiments with severely hearing-
impaired individuals and cochlear implant users with Slovak as native language. Secondly, it can serve as a 
tool for validation of speech related room acoustic quantities, such as STI and D50 or U50 for Slovak language.
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1 Introduction

The speech intelligibility in architectural context is typically performed using single number quantities such 
as STI, C50, D50, U50, etc. [1, 2]. Although the topic of speech intelligibility in architectural context is not a new 
field of interest, there are several aspects which have not been tackled or fully explored yet e.g. to what extent 
the mentioned acoustic quantities represent the speech intelligibility of Slovak language? Slovak language, in 
general, contains large number of consonants and sibilants, which carry lots of ”information”, but carry less 
sound energy. Thus, we can set a hypothesis that Slovak language might be more difficult to understand in 
unfavourable conditions when comparing to e.g. Dutch or English. To answer this question, it is necessary to 
perform a number of listening tests. Several standardized speech intelligibility tests procedures already exist, 
that has been designed for different languages. Well known are e.g. listening tests based on meaningful 
sentences using everyday language [3-8], so called matrix test which are specific by means of fixed order of 
items: name, verb, numeral, adjective, noun etc. [9]. This particular strict content of sentences produces an 
unpredictable meaning of sentences. [10, 11].
This paper discusses partial results of a dissertation thesis concerning Speech intelligibility in various 
architectural environments. The main aim is a detailed discussion on methodology for the design of the 
sentence listening test for Slovak language.
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2 Methods

2.1 Criteria for selection of sentence database

Altogether, 800 ordinary Slovak sentences were suggested. The choice of the sentences was based on the
following presumptions: (a) to be short enough to repeat. It means that sentences contain minimum 2 and 
maximum 12 words. (b) Sentences represent conversational speech. There are no scientific phrases, difficult 
names or specific brand names. (c) None exclamations or questions. (d) Sentences should not to be too 
unessential. (e) There are no proverbs, to avoid the conceit. The criteria for designing Slovak sentence test 
material were inspired by van Wieringen and Wouters [7].

2.2 Psychoacoustic method used for listening test

Psychophysics generally focuses on detecting the relationship between a physical stimulus and its perception 
and on detecting the phenomenon [12]. In psychoacoustic listening tests, we rely on people’s answers. 
Therefore, statistical analysis is essential in data analysis. Statistically relevant sample of people is one of the 
starting conditions. The first method used in our experiment is called method of adjustment, see in the Figure 
1 below. In this method, subject is asked to control the level of the stimulus and keep it changing until the 
stimulus is narrowly detectable against the background noise [12].

Figure 1: Graph illustration of adjustment method.

3 Listening experiments

3.1 Test subjects

In total, 39 human subjects (20 male and 19 female) participated in the listening test experiment. Their age 
was between 25 and 61 years. The average age is 33 years, the modus value is 27 and the median value is 28 
years. Every individual has declared that he/she did not suffer from any hearing impairment and all of them 
had normal hearing (<20 dB HL hearing loss range for octave frequencies from 125 Hz to 8000 Hz, measured 
in the laboratory). Each test subject, that participated in the experiment, received the same explanation from 
the test operator. They were also explained that the psychoacoustic experiments are not an exam with correct 
or incorrect answers or a competition on performance and that the most important is to give honest and true 
answers.
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3.2 Stimuli

The recordings of the 800 chosen sentences were performed in the Acoustic lab – the semi-anechoic room at 
STU Bratislava, Faculty of civil Engineering, Department of Materials Engineering and Physics. They were 
spoken by female person and recorded at normal speech level, regular speed and spoken in monotonic way 
without emphasis on any of the words. During the recordings, the speaking person stood in front of microphone 
in the empty semi-anechoic room alone. The recorded signals were sampled at 44100 Hz (16 bit A/D 
converter). In editing process, 30 ms cosine window was applied at the beginning and the end of each sentence
to avoid click sound.
The whole sentence material was stored in a ".wav" format on disk of the computer. The masking noise 
necessary for performance of the tests was based on the long-term average speech spectrum of randomly picked 
40 sentences (the duration of sample was 2 minutes) of 800 sentence the database. It was a stationary noise 
with a spectrum of the female voice (used for recordings of the signal in this experiment) thus, a so called 
spectrally matched masker. 

3.3 Set-up

The set up consisted of the computer with home-made, Visual Basic based listening test application, the sound 
card (Focusrite Scarlett 6i6), two pairs of headphones (one used by test subject and one by operator) and a 
microphone. The test subject was seated in the semi-anechoic room in the Acoustic lab (Figure 2) and 
performed listening tests by means of calibrated open headphones (Sennheiser HD650) with a flat frequency 
response. The headphones were calibrated using analyser Norsonic 140. The sentence material was played 
from a computer into the headphones via sound card. The test subjects communicated with operator via 
dynamic microphone, e.g. when repeating the sentences during the listening test, that they have heart via 
headphones. The test operator was seated in the control room and listened to the responses of people via the 
second headphones (Figure 2).

Figure 2. The schematic sketch of test rooms ((a) the control room, (b) the semi-anechoic room).

Test No.1
The first test served for estimation of the approximate SRT (Speech Reception Threshold) necessary for setting 
up the correct S/N ratio for the Test No.2. The psychoacoustic method used in the test No.1 was adjustment 
method and consisted of 40 sentences. Each one of the 40 sentences started at S/N ratio = -20 dB. The task of 
the test subject was to reduce the noise in 1 dB steps until he/she was certain about the meaning of that 
particular sentence, what means he/she could understand the whole sentence. Each sentence was played in the 
loop so that the test subject had the opportunity to listen to it as many times as needed. When it was done, the 
test subject could continue to another sentence. When the Test No.1 was finished, the signal to noise ratio was 
calculated from the average of all (40) tested sentences.

Test No.2 (main test)
The second test consisted of 760 sentences. These sentences were masked by the noise signal with fixed S/N 
ratios obtained in the Test No.1, and thus individual for each test subject. The task of a test subject was to 
listen each sentence in the fixed S/N ratio and to repeat it. Each sentence was played once. The operator seated
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in the control room was present all the time and has evaluated answer, i.e. if the sentence was repeated correctly
(i.e. each word of the sentence was correctly repeated) and noted the score. The operator could hear each 
sentence (played to test person) without presence of masking noise. For double check, the sentence which was 
played to a test person was at the same time also displayed on the screen of the operator. To avoid fatigue and 
errors in the test, participants were allowed to ask for a break anytime.

4 Results and discussion

The results of the Test No.1 are shown in the Figure 3. They show that the S/N ratio of the most (17) 
participants was -6 dB. Only two participants have adjusted the S/N ratio to -8 dB.

Figure 3: The histogram of S/N (dB).

The results of the Test No.2 were gathered in the matrix, where correct answers were indicated as “1” and 
incorrect as “0”. Doing so, each sentence got a score, which was later expressed in percentage of correct 
answers. Sentences were later sorted according to the easiest to most difficult in a form of a histogram. The 
global result can be seen in the Figure 4.

Figure 4: The percentage of the correctly replied 760 sentences. Showing the course of most simple to most 
difficult sentences.

The percentage of success rate includes whole range from 0% to 100%. We can see by looking at the Figure 4
that the whole sentence material included higher amount of too difficult sentences in comparison with too easy 
sentences to repeat. This is represented by slowly decreasing slope of presented histogram.
In order to determine the set of equally difficult sentences to understand, the following method was used:
(1) the standard deviation of the percentage of correct replied sentences was calculated (STD=26%). (2) the
centre of the whole percentage range was indicated (50%). (3) the standard deviation was added to centre of
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percentage range as well as subtracted from the centre to obtain both the top and the low border of the range 
(50%+26%=76% it is the top border; 50%-26%=24% it is the low border). We can say that the equally difficult 
sentences are between 24% and 76% what means 52% of the sentence material.
If we look into the results deeper we can conclude the following: The levels of signal to noise ratio oscillated 
between -4 to -8 dB, but the level -6 dB was detected in the most of tested participants (Figure 3). In comparison 
with van Wieringen and Wouters (S/N = -8 dB; -10 dB) [7] we obtained lower average value of S/N. This can 
have several reasons, among which one can be caused by the fact that the Slovak language due to its large 
consonant content, is more difficult to be understand under presence of noise. However, this would need to be 
confirmed by a dedicated study. The majority of participants were adults between 25 and 35 years. Based on 
our observation, we can claim that age of participants had not affected the results of signal to noise ratio. 
(Figure 5). Moreover, the age has not affected the number of correctly repeated sentences either.
The range of correctly repeated sentences over participants was between 71 and 472 (Figure 6).

Figure 5: Correctly repeated sentence and S/N ratio in a function of the age (of participants).

Figure 6: The quantity graph of correctly replied sentences of each test participant.

5 Conclusions

In this paper a sentence material consisting of 800 Slovak sentences was created following the rules based on 
the work of van Weiringen and Wouters [7]. According to the results based on laboratory listening tests, with
39 test subjects, the ranking of proposed sentences from the easiest to the most difficult has been made. A
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deeper look into the sentences and explanation upon their difficulty is given in [14]. Altogether 376 sentences 
have been indicated as equally difficult.
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