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Abstract 
In this paper the assessment of speech intelligibility in the presence of different types of noise in a situation that happen 

in real life in ambient of office. In order to evaluate speech intelligibility in the presence of different kinds of noise, an 
experiment was conducted, using the binaural method. Matrix sentences obtained from words from the Serbian Matrix 
Sentence Test Base (SMST) were used as an input signal. The interference signals that were used: diffuse noise, and a 
combination of different types of noise that occur in the office environment (sound of a pen, keyboard, etc.) as well as early 
reflections. The parameters used for testing: SNR = (0, - 2, -5) dB; b) speech signal angle φs = 0°; c) angle of reflection φn = 
0°; e) angle of diffuse noise φDN = 0 : 5 : 360°, e) amplitude of reflection Ar = 1; f) delay time between direct and reflected 
signal ∆t = (0, 10, 25, 50) ms. The result of the test that is obtained is the STOI coefficient, for the left and for the right ear. 
After analyzing the results and comparing them with the results of similar tests and the IEC 60268-16:11 standard, a 
conclusion was brought about speech intelligibility. 
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INTRODUCTION 
In assessment of speech intelligibility in 

the presence of various noise: babble [1], 
industrial [2], rain [3] etc., different testing 
methods were used with appropriate types 
of speech materials for testing words [4] or 
sentences [5]. Many authors dealt with this 
topic using different methods approach. For 
testing speech intelligibility in the Serbian 
language authors was formed Serbian 
Matrix Sentence Test (SMST) base [6]. 
Test sentences are generated by random law 
of words from the SMST database, with 
respect specific form: name, verb, number, 
adjective, noun. In this paper the 
assessment of speech intelligibility in the 
presence of different types of noise in a 
situation that happen in real life in ambient 
of office. In order to assessment speech 

intelligibility in the presence of different 
kinds of noise, an experiment, using the 
binaural method, was performed. As a 
results of testing the dSTOI coefficient [7] 
was obtained for left and right ear. 
Comparing results of testing with of similar 
tests and the IEC 60268-16:11 standard [8], 
a conclusion was brought about speech 
intelligibility. 

The organization of work is as follows. 
Section II describes experiment, 
experimental results and analysis. Section 
III is conclusion.  

EXPERIMENTAL RESULTS AND 
ANALYSIS 

A. THE EXPERIMENT 
In aim to estimate the intelligibility of 

speech in the presence of noise in the office 
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environment, the experiment shown in Fig. 
1 was provided. 

 
Fig. 1. Block diagram of the experiment 

  
A test signal z was obtained by 

combining the reflected speech signal xr 
with diffuse noise DN, and office ambient 
noise ON, with the desired signal-to-noise 
ratio (SNR) y1. Matrix sentences composed 
of words from the SMST base were used as 
an input signal x. Diffuse noise is 
superimposed on signal x, as well as noise 
obtained by a combination of babble noise 
BN and noise caused by fast typing on the 
keyboard KN (to obtain the noise of an 
office environment, e.g. Office noise ON). 
The signal y is created by superimposing 
the speech signal x, and the diffuse noise 
DN, with the desired SNR, which is 
obtained by adjusting the coefficient kDN. 
The signal y1 is created by superimposing 
the signal y and Office noise ON, with the 
desired SNR, which is obtained by 
adjusting the kBK coefficient. Office noise 
ON is generated by superimposing Babble 
noise BN and Keyboard noise KN, adjusting 
coefficients k1= (0, 0.5, 1) and k2, where k2 
= 1 – k1. Babble noise and keyboard noise 
caused by fast typing on the keyboard are 
available on [9].  

When coefficient have value: a) k1 = 0, 
BN dominates, b) k1 = 0.5 BN and KN 
signals have equal strength, and c) k1 = 1, 
KN dominates. STOI coefficients were 
determined from the generated Test matrix 
sentences in Serbian: a) TS1: 'Tamara ima 
šesnaest crvenih stolica' (in English: 
'Tamara has sixteen red chairs'), b) TS2: 
'Marina pravi pet novih stolica' (in English: 

'Marina makes five new chairs'), and c) 
TS3: 'Tomislav čisti petnaest različitih 
stolica' (in English: 'Tomislav clears fifteen 
different chairs'). The time and spectral 
characteristics of the Test signals (TS1, TS2 
and TS3) are shown in Fig. 2 (TS1), Fig. 3 
(TS2) and Fig. 4 (TS3), for SNRDN = SNRON 
= -2dB: speech signal x, sentences obtained 
from the SMST base in Serbian language 
(a, b), reflected speech signal xr (c, d) and, 
interference signal y1, ON, (e, f), and test 
signal z (g, h). The parameters used in the 
realization of the binaural experiment, and 
on the basis of which the intelligibility 
testing is performed using the STOI test 
are: SNR = (0, - 2, -5) dB; b) excitation 
angle of speech signal φs = 0°, c) angle of 
reflection φn = 0°; e) angle of diffuse noise 
φDN = 0 : 5 : 360°, e) amplitude of reflection 
Ar = 1, f) delay time between direct and 
reflected signal ∆t = (0, 10, 25, 50) ms. 
Testing was done for cases, when: a) 
SNRDN = SNRON and b) SNRDN ≠ SNRON. 
The result of the of the experiment, are the 
coefficients STOI, which were obtained 
using the STOI algorithm, for the left 
(dSTOIL) and for the right (dSTOIR) ear. 
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h)  

Fig. 2. Time and spectral characteristic TS1, for 
k1= 0.5, ∆t=25ms: TS1 (a, b). Time of delay TS1 

25 ms (c, d). Office noise (e, f). TS1 with 
superimposed noises (g, h). 
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h)  
Fig. 3. Time and spectral characteristic TS2, for 
k1= 0, ∆t=25ms: TS2 (a, b). Time of delay TS2 

25 ms (c, d). Office noise (e, f). TS2 with 
superimposed noises (g, h). 
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h)  

Fig. 4. Time and spectral characteristic TS3 for 
k1= 1, ∆t=25ms: Test sentence TS3 (a, b). Time 
of delay TS3 25 ms (c, d). Office noise (e, f). TS3 

with superimposed noises (g, h). 
 

B. THE RESULTS 
The test results (intelligibility 

coefficients dSTOI) are presented in tabular 
form, for SNRDN = SNRON, and values of 
the coefficient k1: a) k1 = 0 (Tbl. 1), b) k1 = 
0.5 (Tbl. 2), and c) k1 = 1 (Tbl. 3). The 
intelligibility coefficients dSTOI, are 
presented in tabular form, for SNRDN ≠ 
SNRON, and values of the coefficient k1: a) 
k1 = 0 (Tbl. 4), b) k1 = 0.5 (Tbl. 5), and c) k1 
= 1 (Tbl. 6). 

 
 

TABLE I.  INTELLIGIBILITY  k1 = 0,  SNRDN = SNRON 

 
 
 

TABLE II.  INTELLIGIBILITY  k1 = 0.5, SNRDN = SNRON 
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TABLE III.  INTELLIGIBILITY  k1= 1, SNRDN = SNRON 

 

TABLE IV.  INTELLIGIBILITY  k1= 0, SNRDN ≠ SNRON 

 

TABLE V.  INTELLIGIBILITY  k1 = 0.5,  SNRDN ≠ SNRON  

 

TABLE VI.  INTELLIGIBILITY  k1 = 1, SNRDN ≠ SNRON 

 
 
C. THE ANALYSIS 

Analyzing the results the coefficients 
STOI, which were obtained using the STOI 
algorithm, for the left (dSTOIL) and for the 
right (dSTOIR) ear (Tbl. 1 – Tbl. 6), it was 
observed that the coefficients intelligibility 
dSTOIL and dSTOIR goes from: a) 0.4486 - 
0.6880 for k1=0, SNRDN = SNRON and 
0.4644 - 0.7220 for SNRDN ≠ SNRON, b) 
0.4530 - 0.6995 for k1 = 0.5, SNRDN = 
SNRON and 0.4520 - 0.6365 for SNRDN ≠ 

SNRON, and c) 0.4638 - 0.7118 for k1 = 1, 
SNRDN = SNRON and 0.4638 - 0.6874 for 
SNRDN ≠ SNRON. The best intelligibility 
were obtained for SNRDN = SNRON = -2dB 
dB is dSTOIR = 0.7220 and dSTOIL = 
0.7093. It can also be observed that, in 
general, the intelligibility at SNR = -2dB is 
better than for the other cases (SNR = 0 and 
SNR = -5). Also, by increasing the time of 
delay to ∆t = 25ms, or 50ms, an 
improvement in speech intelligibility is 
observed. By comparing the results 
obtained for the left and right ear, results 
are generally better for right ear, which 
proves theory of research Audiology 
researchers at Auburn University in 
Alabama [10]. 

Analysing of many study which tested 
influence of noise in office environments 
showed a negative effect on employees. 
Some of them have influence on health, 
other on productivity. As a primary source 
of noise annoyance for other employees 
show that the conversation between 
individuals and their colleagues (Babble 
noise) [11]. Besides on intelligibility of 
speech, the noise have a negative effect on 
employees ability to focus to performing 
their tasks [12], and also increased 
frustration and stress among employees 
[12]. A study performed by Oseland stated 
that 92% of employees reported that noise 
made their job performance less productive 
[13]. 

 
CONCLUSION 

The paper presents the results of the 
experiment, which relate to intelligibility in 
conditions of diffuse noise DN, office noise 
ON, which consists of babble BN and 
keyboard noise KN, as well as reflection. 
Intelligibility is represented by the 
intelligibility coefficient, which was 
determined using the STOI algorithm, for 
the left (dSTOL) and right (dSTOIR) ear. By 
comparing the results coefficients 
intelligibility, obtained experimentally for 
different value of SNR, and analyzing the 
time and spectral characteristics of the 
signals, it is observed, that the babble noise 
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BN intensively affects the degradation of 
intelligibility. This stems from the fact that 
BN, which is a consequence of the speech 
of a large number of people, has an energy 
distribution in the spectrum that is 
equivalent to the energy distribution of a 
speech signal. In this way, time and spectral 
masking of the speech signal is intensively 
performed, so that BN, in relation to DN, 
reflections and KN, has a dominant 
degradation of intelligibility. By 
comparative analysis of the experimental 
coefficients of intelligibility (range 0.4486 
to 0.7220) with classification coefficients of 
intelligibility defined by standard IEC 
60268-16, it is concluded that speech 
intelligibility in the ambient conditions of 
Office, with the parameters tested (SNR = 
(0, - 2, -5) dB, signal φs = 0, φn = 0°, φDN = 
0 : 5 : 360°, Ar = 1, ∆t = (0, 10, 25, 50) ms, 
k1= (0, 0.5, 1)), is poor. 
 
REFERENCE 
 [1] Kostić D, Milivojević Z, Veličković Z, The 

influence of early reflections and Babble 
noise on the intelligibility of speech signal, 
ICEST 2019, Ohrid, Macedonia, pp.150-
153, 2019 

[2] Milivojević Z, Kostić D, Brodić D, The 
Influence of Industrial Noise on the 
Performance of Speech Intelligibility 
Serbian Sentence Matrix Test, ICEST Niš, 
pp. 301-304, 2017. 

[3] Kostić D, Milivojević Z, Veličković Z, 
Influence of the rain noise to intelligibility in 
Serbian language, UNITEH 2018, Gabrovo, 
pp. 252-257, 2018. 

[4] Clark J.E, Four PB word lists for Australian 
English, Aust. J. Audiology 3(1), 21-31, 
1981. 

[5] Plomp R, Mimpen A.M, Improving the 
reliability of testing the speech reception 
threshold for sentences, Audiology, 18, 43–
52, 1979. 

[6] Milivojević Z, Kostić D, Veličković Z,  
Brodić D, Serbian sentence matrix test for 
speech intelligibility measurement in 
different reverberation conditions, UNITEH 
Gabrovo, 2016. 

[7] Milivojević Z, Kostić D, Veličković Z, The 
Optimization of the STOI Algorithm 
Parameters in Presence of the White 
Gaussian Noise (WGN), ICEST 2018, 2018. 

[8] International Electrotechnical Commission 
IEC 60268-16 - International Standard: 
Sound system equipment – Part 16: 
Objective rating of speech intelligibility by 
speech transmission index, Switzerland: 
IEC, 2011. 

[9] https://mixkit.co/free-sound-effects/ 
[10] Acoustical Society of America. “Want to 

listen better? Lend a right ear.ScienceDaily. 
Retrieved August 30, 2021 from 
www.sciencedaily.com/releases/2017/12/17
1206090611.htm 

[11] Di Blasio S, Shtrepi L, Puglisi G.E, Astolfi 
A, A Cross-Sectional Survey on the Impact 
of Irrelevant Speech Noise on Annoyance, 
Mental Health and Well-being, Performance 
and Occupants’ Behavior in Shared and 
Open-Plan Offices. Int J Environ Res 2019; 
16(2):280 

[12] Seddigh A, Berntson E, Danielson C.B, 
Westerlund H, Concentration requirements 
modify the effect of office type on indicators 
of health and performance, J Environ 
Psychol; 38:167-74, 2014. 

[13] Oseland N, Hodsman P, A 
psychoacoustical approach to resolving 
office noise distraction, J Corp Real Estate; 
20(4):260-280, 2018. 

 


	introduction
	Experimental results and analysis
	A. The experiment
	B. The results
	C. The analysis
	CONCLUSION
	REFERENCE

