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This study aims initially to evaluate the quality of different soundscapes in the public space of the city of Biskra, 
in Algeria. A total of 35 participants took part in a laboratory experiment, where 28 sound clips of one-minute 
duration taken from public spaces in the city were used as stimuli. The A-weighted equivalent continuous sound 
pressure level (LAeq,1min) was calculated. The participants rated the quality of the soundscape using attribute 
scales provided in their own native language. The results of the questionnaire on the recorded soundtracks con-
firm that the immediate environment affects the ambient sound level and the quality of the sound environment, 
where the sound environments of the areas located near the roads, with a high mechanical flow, are considered 
the most unpleasant and noisy, with a high A-weighted equivalent continuous sound pressure level (LAeq,1min). 
The findings of this study indicate that there are statistically significant correlations between pleasantness 
and loudness, presence of mechanical sounds, presence of non-mechanical sounds, and a sound exposure 
level. In addition, this study shows that there is a significant positive correlation between pleasantness and the 
presence of non-mechanical sounds. The results also showed an inverse relationship between the presence of 
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mechanical and non-mechanical sounds, and that the absence of mechanical sounds allows natural and human 
sounds to be more audible, making the soundscape more pleasant and calm according to the results of the 
questionnaire. From this study, the duality LAeq,1min and the components of the soundscape are very representa-
tive indicators of the quality of the soundscape.

Keywords: binaural recording, soundscapes, questionnaire, soundscape perception, noise measurement, public 
space.

Introduction
Since ancient times, the good quality of the urban en-
vironment has always been essential for the comfort 
of human beings (Lloyd and Auld, 2003; Parfect and 
Power, 1997), and nowadays it has become an emer-
gency due to the impact of rapid urbanization and 
population growth on urban environments (Buhaug 
and Urdal, 2013; Liang et al., 2019; Yu et al.,., 2018, 
2019). During the last decade, the development of a 
sustainable urban environment has been at the heart 
of the majority of research projects and the main ob-
jective for a resilient human habitat.

This study focuses on the city of Biskra in Algeria, 
representative of the desert cities of the North Afri-
can region, which is characterized by a harsh climate 
with hot and very dry summers as well as cold and dry 
winters, having average temperatures that vary be-
tween 0°C and 45°C depending on the season (Berk-
ouk et al., 2019; Farhi, 2008; Matallah et al., 2020). 
Similar to most cities in the Sahara, it suffers from 
a mismatch between the contextual conditions of the 
arid regions, as well as the urbanization and manage-
ment models that have been adopted in the northern 
regions of countries with a Mediterranean climate. 
The large boulevards, multi-story buildings with glass 
facades, and less dense neighborhoods contrast with 
the streets, alleys, covered passages and dead ends, 
and dense neighborhoods with irregular plans of the 
old cities, which have influenced the environment in 
these areas (Farhi, 2008; Bouzir et al., 2019). There-
fore, these desert cities have been the subject of sev-
eral studies recently, focusing mainly on the effect 
of the urbanization mode and the transformation of 
these oases into Saharan cities on energy consump-
tion, indoor and outdoor thermal comfort, which re-
mains a great challenge, especially in the severe cli-
matic conditions of the region, as well as indoor and 

outdoor luminous comfort, etc. However, the issue of 
urban acoustics despite its importance is still a gray 
area in the context of desert cities, especially in North 
Africa. It is therefore urgent to shed more light on the 
current situation of the sound environment in order to: 
(i) better understand and characterize the soundscape 
of these regions, (ii) assess the noise pollution level 
in these oases and desert cities, especially facing the 
current urbanization, (iii) understand the relationship 
between the subjective evaluation of the soundscape 
quality by the inhabitants and the measured noise lev-
el as well as to determine the main noise pollution 
sources in these cities. This is particularly important 
in the face of current urbanization because high noise 
pollution can be responsible for many dangerous 
pathologies (Begou and Kassomenos, 2021; Huang et 
al., 2021; Selmat et al., 2021; Wokekoro, 2020) such 
as anxiety, hearing loss, cardiovascular and even 
mental diseases (Baxter et al., 2013; Lercher et al., 
2000; Śliwińska-Kowalska and Zaborowski, 2017; 
Van Kempen et al., 2018; Yuen, 2014), and it also has 
negative effects on biodiversity and the fragile urban 
ecosystem (Bouzir et al., 2019; D’Odorico et al., 2008; 
Fairbrass et al., 2017).

Acoustic urban environment research is divided into 
two main areas. The first one focuses on the phenom-
enon of noise pollution, which is one of the most dan-
gerous types of environmental pollution for human 
health after air and water pollution (WHO, 1999; Grant 
et al., 2000; Morillas et al., 2002; Zannin et al., 2006; 
Bouzir et al., 2022). This axis focuses on environmen-
tal sounds as sources of the nuisance that need to be 
fought against because of their harmful effects on 
comfort, health, and the environment. In this field of 
research, researchers measure the physical indicators 
of acoustics, namely the equivalent sound pressure 
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level (Leq) or the day-evening-night level (Lden), etc., 
and compare them to the maximum noise limits pro-
posed by the international environmental and health 
protection agencies (Berglund et al., 1999; Passchi-
er-Vermeer and Passchier, 2000) to assess the noise 
pollution rate in the study area (Zannin et al., 2006; 
Bouzir et al., 2018). However, these decibel values 
cannot represent a soundscape which is a vast con-
cept and depends on many non-measurable parame-
ters (Berglund et al., 1999; Berkouk et al., 2020). After 
the emergence of the new concept of soundscape de-
veloped by the Canadian researcher Schafer in 1977 
in his book “The Soundscape: Our Sonic Environment 
and the Tuning of the World” (Schafer, 1993; Schafer 
and Gleize, 1979), a new line of research has been de-
veloped. It focuses on the sounds of the environment 
as an atmosphere, their quality linked to the nature of 
these sources and dependent on the sensation of the 
human beings who live the sound experience (Bouzir 
et al., 2018; Ma et al., 2018). Despite  very interesting 
research published recently (Aletta et al., 2016; Bild 
et al., 2018; Gozalo et al., 2015; Herranz-Pascual et 
al., 2017; Maristany and Recuero Lopez, 2010), our 
research stems also from a notable lack of studies in 
the scientific literature that studies the urban sound-
scape by examining the association between the two 
previous axes to understand the relationship between 
human sound perception and the measured physical 
indicators of sound, in the urban environment, in par-
ticular in developing countries including North Africa.

This study first aims to assess the quality of differ-
ent representative urban soundscapes extracted from 
the city of Biskra, through binaural sound recordings 
(Xu and Kang, 2019), and by using questionnaires on 
reactivated listening. Secondly, this research seeks 
to understand by correlation tests (Chi-square and 
Spearman) the relationship between the calculated 
A-weighted equivalent continuous sound pressure 
level (LAeq,1min), the subjective description of urban 
soundscapes and soundscape components.

Methods
This study is being carried out in the city of Biskra, 
located northeast of the Algerian Sahara (34 ° 51 ′ 00 

″ N 5 ° 44 ′ 00 ″ E). In total, 26 sound recording stations 
were chosen to cover the various soundscapes repre-
sentative of the city. Thus, pathways, gardens, pub-
lic squares and the residential districts as well were 
investigated (Fig. 1). This research was structured in 
three phases. During the first phase, binaural sound 
recordings were made in situ using a professional 
sound recorder (zoom H4) coupled to a binaural mi-
crophone (Soundman OKM II Classic). The sampling 
rate and the bit depth of the audio recording were 
48 kHz and 24 bits, respectively. Binaural recordings 
were made to reflect the human binaural hearing 
system, allowing the 3D spatial characteristics of the 
recorded acoustic environments to be reproduced. In 
addition, a questionnaire was conducted among city 
users to assess the perceived quality of the sound-
scapes studied in the second phase of this study. Dur-
ing the third phase, the correlation tests by Chi-square 
and Spearman model were established using SPSS 
software to provide the relationship that may exist 
between LAeq,1min, the chosen perceptual indicators 
(pleasantness, loudness), and the rate of presence of 
mechanical and non-mechanical sounds).

Recording data collection

In order to decide on the locations for the audio-visual 
recordings, preliminary soundwalks across the city 
were carried out. Twenty-six soundscapes were re-
corded for 5 minutes in the twenty-six selected sta-
tions (Table 1), using the H4 zoom recorder coupled 
to a binaural microphone (Soundman OKM II Classic). 
For the laboratory experiments, an audio excerpt of 
60 seconds was selected from each of the 28 binaural 
recordings by using STx acoustic software (S_TOOLS-
STx version 4.2.2) as well as the equivalent contin-
uous sound pressure level A-weighted (LAeq,1min) was 
calculated (Table 1). The recordings were made during 
working days, and excluding peak hours. The sound 
environment during the weekend and peak hours in 
the city of Biskra is often considered particular (Bou-
zir, 2018; Bouzir et al., 2017; Bouzir and Zemmouri, 
2018) since it does not reflect the sonic atmosphere in 
general, but rather represents extreme sound events 
over short periods.

The recording campaign was taken in ideal climatic 
conditions, with no wind or rain, considering these 
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two phenomena can influence significantly data accu-
racy (Bouzir and Zemmouri, 2018; Boyes, 2009; Mal-
chaire, 2001; Raimbault and Dubois, 2005).

Questionnaire

To assess the quality of a soundscape, several types 
of approaches have been developed since the 1980s, 
including closed and open questionnaires, interviews, 
commented tours, and soundwalks (Axelsson et al., 
2010; Lee, 2010; Pérez-Martínez et al., 2018; Tse et 
al., 2012). In this study, a reactivated listening ques-
tionnaire was used, a technique widely applied in re-
cent studies, in which respondents listen to an audio 
recording and answer questions about it (Axelsson 
et al., 2010; Brambilla et al., 2013; Brinkmann et al., 
2014; Lindau, 2014; Nilsson et al., 2012; Jeon et al., 
2018).

Participants

In total, 35 university students participated in the ex-
periments (master’s, bachelor’s and PhD students). 

Fig. 1. Location of 26 studied points across the city

(a) (b)

The age distribution of the participants ranged from 
20 to 27 yrs (mean age = 23.4). They were recruited 
as volunteers through an open invitation. The subjects 
reported that they had no hearing problems.

Questionnaire process

Fig. 2 represents the questionnaire process. During 
this questionnaire, the sound reproduction was made 
using headphones (Sony MDR-ZX660AP) (Binaurali-
zation) (Arnaldi et al., 2018; Arras et al., 2003; Hong 
et al., 2019). For soundtracks longer than 10 seconds, 
the overall judgment of the sound environment is 
strongly linked to sound events of the last moments. 
Thus, this is why extreme sound events in the last 
seconds of the recordings have been avoided.

After an introduction of the purpose, the type of ques-
tions, and the available choices, the participants be-
gin this investigation by listening to all the recorded 
audiotapes to get an idea of the sound environments 
that to be evaluated. Then, each participant was invit-
ed to answer four questions after having listened to 
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No. Morphology Activities LAeq,1min [dB] N Morphology Activities LAeq,1min [dB]

1

Large tow-lanes 
traffic street with 
high flow rates, high 
speed

Commerce on one 
side of the street

75.1 14
Street with 
interrupted traffic

Commerce 70

2
Large tow-lanes 
traffic street

Commerce on one 
side of the street 
and neighborhood
parking

70.5 15

Two-way traffic 
street with high 
flow rates, street 
trade

Commerce 72

3
Large tow-lanes 
traffic street; urban 
crossroads

Commerce on one 
side of the street

72.2 16
Two-way traffic 
street with high 
flow rates

Hospital, clinic 
and bus station

71

4 Street without traffic Residential area 69.5 17
Street with 
moderate traffic 
flow rates

Commerce and 
bus station

66.8

5
Large tow-lanes 
traffic street

Commercial area 76 18
Downtown small 
park

Relaxation and 
meeting space

58.8

6
Two-way traffic 
street with high flow 
rates, low speed

Commerce 68 19
Quiet pedestrian 
street

Residential area 56.7

7
Park alongside a 
street

Small commerce 
and relaxation 
jogging, and 
meeting space 

62 20 Large park

Small 
commerce 
and relaxation, 
jogging and 
meeting space,

53.3

8
Two-way traffic 
street with high flow 
rates

Commerce and 
two important bus 
stations

72 21
Street with 
moderate traffic 
flow rates

Small 
commerce

65.1

9
Two-way traffic 
street with high flow 
rates, low speed

Administration, 
commerce and 
school

67.9 22
Street with 
moderate traffic 
flow rates

Commerce and 
cafe, terraces

62.3

10
Street with 
moderate traffic flow 
rates, low speed

Bank, coffee shop 
and jogging space

62.3 23
Street with 
moderate traffic 
flow rates

Commerce, cafe 
and shopping 
center

63.4

11 Large park

Small commerce 
and relaxation, 
jogging and 
meeting spaces

55.9 24 Street without traffic Residential area 56.1

12
Street with 
moderate traffic flow 
rates

Administration, 
residential area and 
jogging space

65.2 25
Street with 
moderate traffic 
flow rates

Residential area 
and school

56.8

13
Two-way traffic 
street with high flow 
rates

Small commerce 
on one side of the 
street

67.5 26
Street with 
moderate traffic 
flow rates

Commerce and 
bus station

57.9

Table 1. Description of the assessment locations and the calculated (LAeq,1min) [dB]
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the one-minute soundtrack. The participant was free 
to hear the sound as many times as necessary. The 
subjects answered directly in an Excel file previously 
prepared exclusively for this survey.

Fig. 2. Questionnaire process

Section 1

Q1

How do you rate this sound track in terms of pleasantness?

Very unpleasant Unpleasant Moderately pleasant Pleasant Very pleasant

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

Q2

How do you rate the overall loudness?

Very noisy Noisy Medium Calm Very calm

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

Section 2

Q3

How do you rate the presence of mechanical sounds (cars, motorcycles, etc.)?

Very weak Weak Medium Strong Very strong

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

Q4 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

How do you rate the presence of natural and human sounds (non-mechanical)?

Very weak Weak Medium Strong Very strong

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 غ�ي ممتع جدا
 غ�ي سار جدا

 غ�ي ممتع
 غ�ي سار

 ممتع ح�ادي
 سار 

 ممتع جدا
 سار جدا

جدا هادئ هادئ متوسط صاخب صاخب جدا  

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

 قوي جدا قوي متوسط ضع�ف ضع�ف جدا

Questions 
The questions in this survey are organized into two 
sections (Table 2). The first (Q 1, 2) concerns the eval-
uation of the soundscape quality which contains two 

Table 2. Questionnaire questions
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5 

questions intended to assess the general impression 
of the participants on the presented sound samples.
In the second section (Q 3, 4), the questions aim to 
determine the rate of presence of mechanical and 
non-mechanical sounds (natural and human) in each 
soundtrack. A 5-point scale was used (Table 2). On a 
scale of 5, the level of perceived sound intensity goes 
from 1 corresponding to very noisy to 5 corresponding 
to very quiet.

Results and Discussion

Questionnaire results

Section 1 (Question 1,2)

Figs. 3 and 4 represent the appreciation of the pleas-
antness as well as the loudness of the participants 
for the 26 studied sound environments. In Fig. 3, a 
convergence between the values of these two vari-
ables was observed, where the mean responses of 
pleasantness and loudness were 2.86 and 2.70, re-
spectively, with standard deviations of 0.95 and 0.82. 
In addition, Fig. 4 (a) shows that, on a 5-degree scale, 
the sound environments judged as very pleasant are 

4 (18, 19, 25, and 26 located in a street without traffic 
or with moderate traffic flow rates and urban park) 
while 3 soundtracks extracted from the gardens and 
residential districts are judged as pleasant. Based on 
this evaluation, it is only 15% of all the soundscapes 
presented in this study that are perceived as very 
pleasant, while 12% are pleasant and 15% moderate-
ly pleasant. However, 23% of the soundscapes studied 
are evaluated as very unpleasant while 36% are con-
sidered unpleasant. Very unpleasant and unpleasant 
soundscapes are reported in stations located along 
main traffic routes and two-way streets with high 
traffic flows and speeds.

As we can see in Fig. 4 (b), from the 26 sound sequenc-
es presented in this survey, only four soundtracks are 
judged as very calm, which corresponds to 15% of the 
studied soundscapes, while 10% of the soundtracks 
are judged as calm and 15% as very quiet. On the 
other hand, 23% of the sound sequences are evalu-
ated as very noisy while 38% are judged as noisy. The 
environments considered the noisiest among these 
case studies are those corresponding to points 13 and 
5 located near a two-way traffic street with high flow 
rates.

Fig. 3. Pleasantness and loudness average ratings of 26 soundtracks
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Fig. 4. Percentages of pleasantness and loudness of the studied soundtracks

It is clear that the location of the studied region con-
cerning the main mechanical streets, the gardens and 
the urban squares, the residential areas, etc. directly 
affects the type and quality of sound passage. 

Section 2 (Question 3, 4)

An inverse relationship between the presence of me-
chanical and non-mechanical sounds can be noticed. 
It is clear from Fig. 5 that the stronger the presence 
of mechanical sounds, the weaker the presence of 

other non-mechanical sounds, as it can be seen in the 
sound sequences 9, 3, 13 and in particular 5 which 
is marked by the strongest presence of mechanical 
sounds, which masked completely other non-me-
chanical sounds like sounds of urban biodiversity.

A weak presence of road noise is generally compen-
sated by a strong presence of other non-mechanical 
sounds deemed pleasant by the respondents, which 
makes these soundscapes more pleasant and calm 
as the case of sound environments, i.e., 18, 25 and 26.

(a) (b)

Fig. 5. Relationship between the presence of mechanical and non-mechanical sounds
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Pearson chi-squared test χ2 Pleasantness Loudness
Presence of 
mechanical 

sounds

Presence of 
non-mechanical 

sounds

Sound exposure 
level

Pleasantness p χ2 44.056 37.844 36.111 12.729

Loudness 0.000 p χ2 34.450 25.876 11.534

Presence of mechanical sounds 0.000 0.001 p χ2 40.510 12.235

Presence of non-mechanical sounds 0.000 0.011 0.001 p χ2 13.023

Sound exposure level 0.048 0.073 0.141 0.111 p χ2

Spearman Correlation
N 26

Pleasantness Loudness
Presence of 
mechanical 

sounds

Presence of 
non-mechanical 

sounds

Sound exposure 
level

Pleasantness p C −0.572** −0.869** 0.872** −0.547**

Loudness 0,000 p C −0.731** 0.729** 0.572**

Presence of mechanical sounds 0,000 0,000 p C −0.896** 0.515**

Presence of non-mechanical sounds 0,000 0,000 0,000 p C −0.569**

Sound exposure level 0,004 0,002 0,007 0,002 p C

** Correlation is significant at the 0.01 level (2-tailed).

Table 3. Correlation between questionnaire variables and sound exposure level (Pearson chi-squared value [χ2], p value [p])

Table 4. Spearman correlation between questionnaire variables and sound exposure level (Spearman coefficient [C], p value [p])

Statistical analysis

Correlation between questionnaire variables and sound 
exposure level

To define the possible correlations between the differ-
ent questionnaire variables and the sound exposure 
level obtained by the in-situ measurements of LAeq,1min, 
two correlation tests were performed. The first is the 
chi-square test which aims to study the correlation 
between the different variables of the questionnaire 
and the LAeq,1min values which were grouped into three 
zones of sound exposure: Zone A > 55dB Low expo-
sure (acceptable); Zone B 70_55dB Intermediate; and 
Zone C > 70dB Overexposed (unacceptable) (see Table 
3). While the second is the Spearman correlation test 
that was done to verify the nature of the associations 
between these different studied variables (see Table 4).

Table 3 shows the Chi-square correlation test re-
sults between the four variables of the questionnaire 
(pleasantness, loudness, presence of mechanical 
sounds, and non-mechanical sounds) and the sound 
exposure level. It is observed that there are signifi-
cant correlations between the four variables (p value 

< 0.001). However, the sound exposure level has a 
statistically significant correlation only with pleas-
antness (p value = 0.048), whereas there is no sig-
nificant correlation with the other variables such as 
loudness, and the presence of mechanical sounds as 
well as non-mechanical ones because the p values 
are higher than 0.05.

The correlation between the different variables is 
summarized in Table 4. A very strong positive corre-
lation was found between the presence of non-me-
chanical sounds with pleasantness and loudness 
with a p-value lower than 0.001. A moderately pos-
itive association was identified between sound ex-
posure level with loudness and the presence of me-
chanical sounds. Furthermore, there were strong 
negative significant correlations between the pres-
ence of mechanical sounds with pleasantness, loud-
ness, and the presence of non-mechanical sounds (p 
value > 0.001). Similarly, there were negative asso-
ciations between loudness and pleasantness (p val-
ue > 0.001), and between sound exposure level with 
pleasantness and the presence of non-mechanical 
sounds (p value > 0.005).
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It is interesting to note that the relationships between 
the sound exposure level with loudness, and the pres-
ence of mechanical and non-mechanical sounds were 
not significant by the chi-square test, unlike the re-
sults obtained by the Spearman test. This can be due 
to the classification of the measured LAeq,1min into three 
zones: Zone A > 55 Low exposure (acceptable); Zone 
B 70_55 Intermediate; and Zone C > 70 dB Overex-
posed (unacceptable).

The findings of this study show that as the sound ex-
posure level increases, the perception of pleasantness 
and the presence of non-mechanical sounds decreas-
es, while mechanical sounds and loudness increase. 
This shows that the overexposed sound environment 
is characterized by a strong presence of mechanical 
(traffic) noise, which causes an unpleasant sensation 
to the occupants of the space in the studied cases. On 
the other hand, a low presence of mechanical sounds, 
a low sound level, and a strong presence of natural 
and human sounds (non-mechanical) characterize a 
pleasant and calm soundscape. From all the above, 
it is important to note that the duality of LAeq,1min, and 
soundscape components can be considered as a qual-
ity measurement tool of the sound environment.

Limitations of the study
One of the potential limitations of this type of research 
is the translation from English to Arabic (ISO 639: arb) 
of adjectives used in the questionnaire (reference) for 
soundscape evaluation such as of Axelsson et al. 
(2010) and Cain et al. (2013; 2009), which is keeping 
up with the works of the international Soundscape 
Attributes Translation (SATP) project (Aletta et al 
2020). which aims to provide researchers with a re-
liable questionnaire to characterize the soundscape 
in different languages, to use the Arabic version of 
the questionnaire in our next research. On the other 
hand, the duration of the recordings of one minute is 
a short period to judge a soundscape of a city but it 
remains a representative sound extract (Jeon et al., 
2018; Giannakopoulos et al., 2019; Ozcevik and Can, 
2012). In addition, the results of the laboratory sound-
scape evaluation based on reactivated listening may 
differ from those using the virtual reality technology 

(VR) or from in situ evaluation because the physical 
characteristics of the visual landscape and the nature 
of the smellscape can affect the sound perception 
(Liu et al., 2014; Liu et al., 2013a; Liu et al., 2013b). 
The results of other studies are needed to complete 
this study.

Conclusion
From this study, it is concluded that the noise pollu-
tion issue is very serious in the city of Biskra, where 
more than 45% of the measured noise levels show 
excessive values that exceed the international safety 
standards regarding the noise effects on public health 
and the environment. This condition affects the quality 
of life, comfort, and health of the inhabitants and can 
also disturb the fragile natural ecosystems of the cit-
ies. This was confirmed by the reactive listening ques-
tionnaire results, where more than 56% of the sur-
veyed areas were considered as unpleasant and more 
than 60% as noisy according to the respondents’ eval-
uation of the soundscape quality. Mechanical noise 
from road traffic is the main cause of this situation 
in Biskra, where railway, industrial, construction, and 
other urban noise are negligible in the studied areas; 
therefore, they do not have a significant impact on the 
soundscape of this city, which is characterized by the 
tertiary and agricultural sectors as main activities.

Furthermore, multiple regressions are used to quan-
tify the relationship between the measured sound lev-
els and the subjective evaluation of the soundscape 
by the respondents through the subjective descriptors 
used. From the results of the Pearson correlation 
tests, it is found that there is a significant relationship 
between the soundscape components (mechanical 
and non-mechanical sounds), the soundscape quality 
evaluation variables proposed in this study (pleasant-
ness, overall loudness) and the LAeq,1min.

From this study, it is also concluded that in addition 
to air pollution, energy consumption, and the inhab-
itants’ comfort in outdoor and indoor spaces are fac-
ing the challenges of the harsh climate of these de-
sert regions, on which researchers have performed 
much recent research. Saharan cities are also threat-
ened by the problem of noise pollution, which may 
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worsen with time due to the major changes that they 
are experiencing as a result of rapid urban develop-
ment and population growth while overlooking the 
specificity of these regions as well as the traditional 
architecture and urban planning courses in the re-
gion. Additional and thorough research is needed in 
Saharan cities to determine the status of the sound 
environment to ensure the well-being of the inhab-
itants, protect public health and the fragile urban 
ecosystems of these regions. The findings from this 

study raise many further research questions, espe-
cially regarding the quantification and measurement 
of soundscape quality, which is always a subjective 
dimension that is not measurable and difficult to as-
sess because it depends on the feelings of human 
beings and many other variables. Researchers and 
authorities will thus be able to unify the methods for 
assessing soundscape quality, to easily identify “sat-
isfactory urban soundscapes” for protection, and to 
correct the situation of unsatisfactory soundscapes.
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