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Abstract: An online questionnaire on the subjective response to noise was created to collect national
experiences from households during the first COVID-19 wave (from 14 March to 21 June). In this
study, different noise sources (general noise, but also noise from neighbors, common areas, facilities,
premises, and traffic) and self-declared health effects (stress, lack of concentration, sleep disturbance,
anxiety, irritability, or their absence) reported from 582 participants were analyzed (before and during
quarantine). A descriptive and statistical analysis between variables was established to observe
relational trends for the two periods. The results associated stress and sleep disturbance with most
of the noise sources before the pandemic. Sleep disturbance was not significant in confinement,
maybe due to habit changes and staying home. Uncertainty linked to the pandemic could explain
why stress showed significance during quarantine. Irritability showed an inverse relation with noise
sources since their values were greater for declared noise sources and more annoying before the
pandemic in all cases. Finally, anxiety showed an association with fewer noise sources, maybe also
conditioned by other factors. However, the extreme situation and the uncertainty generated, the
presence of cohabitants at home, and building factors (such as acoustic insulation) conditioned the
households’ experience.
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1. Introduction
1.1. Effects of Noise on Health

Environmental noise is defined in the Environmental Noise Directive (END) [1] as
unwanted or harmful outdoor sound due to human activities, such as means of transport
(road, rail, and air traffic) and industrial activity, and it is considered one of the main
environmental problems affecting the health and well-being of people, with an estimated
1 million healthy years of life lost every year from health effects [2—4]. In particular, road
traffic noise ranks second among the nine environmental risk factors, with the highest
health impact in European countries [5].

In Europe, noise is among the most frequent reasons for complaints regarding envi-
ronmental issues. People, increasingly concerned about noise, perceive it as an important
issue affecting their health. This has been studied in recent years through several Europe-
wide surveys. The results of the 2010 survey, requested by the EC, showed that 80% of
respondents (1 = 26,602) believed that noise affected their health, either to some or a great
extent [6].

Data on the perception of specific sources of environmental noise as a problem are
not available for the entire WHO European Region; however, at the national level, some
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countries (i.e., France, Germany, The Netherlands, Slovakia, and the United Kingdom)
conducted national surveys on annoyance from specific noise sources [3]. According to
these surveys, noise from road traffic is the most important source of annoyance, followed
closely by neighbor noise. Aircraft noise can also be a significant source of annoyance and,
to a lesser extent, railway noise and industrial noise.

Noise exposure modifies the function of multiple organs and systems and has multiple
adverse health effects, causing both auditory and non-auditory ones [7]. These effects
range from disturbing and interfering with individual activities, including concentration,
communication, relaxation, and sleep, to neuro-vegetative, cardiovascular, and endocrine
system effects.

Nowadays, there is evidence of the following health outcomes related to environmental
noise: sleep disturbance, annoyance, cardiovascular and metabolic disease, adverse birth
outcomes, cognitive impairment (mainly in children), and poor quality of life, mental
health, and well-being [4,8-14]. The strongest evidence found so far relates exposure to
environmental noise (particularly road traffic noise) to the development of cardiovascular
diseases [14].

Annoyance is one of the most prevalent responses to noise-related stress reactions,
which includes negative feelings (disturbance, dissatisfaction, distress, displeasure, irri-
tation, and nuisance) [13]. If exposure is long-term, it can lead to the development of
cardiovascular disease [11,12].

Finally, sleep disturbance [7,15,16] is assumed to be the most harmful non-auditory
effect of environmental noise exposure, as proper sleep restoration is essential to avoid
tiredness, daytime sleepiness, and the need for compensatory resting periods. In addition,
sleep restriction causes, for instance, changes in glucose metabolism and appetite regulation,
impaired memory consolidation, and a dysfunction in blood vessels. Long-term sleep
disturbance can also lead to cardiovascular health issues.

The WHO estimated that nearly one million years of life are lost annually because
of environmental noise in high-income Western Europe countries. Sleep disturbance and
annoyance, mainly related to road traffic noise, constitute the bulk of this burden. This
burden of disease from environmental noise is the second highest after air pollution [2,5].
However, these health impacts are likely to be underestimated since the WHO has updated
to lower values the thresholds above which health effects start to occur (levels below 55 dB
Lgen and 50 dB Lyght are now considered) [4]. The latest noise reports followed the END [1]
thresholds, as updating to these new values is still voluntary for countries until at least 2018.

1.2. Social Noise Perception and Annoyance during COVID-19 Lockdown

The large number of cases and deaths caused by SARS-CoV-2, as well as the lack
of knowledge on the transmission and symptoms of the subsequent infectious disease,
COVID-19, entailed great difficulty in controlling the disease and led to a change in lifestyles
and habits worldwide, both at health and social levels.

The first case of COVID-19 appeared in Wuhan, China, in December 2019. In Spain,
the first case was recorded on 31 January 2020 in the Canary Islands, reaching mainland
Spain on 24 February, after which the number of cases began to increase exponentially. This
increase in cases also occurred globally, leading the World Health Organisation (WHO) to
declare COVID-19 a pandemic on 11 March 2020 [2].

Faced with this global situation, on 14 March 2020, in order to prevent the transmission
of COVID-19, the Spanish government declared a state of alarm [17]. During this state of
alarm, the free movement of people was prohibited, limiting it to essential activities. All
entertainment places were closed, as well as shops, with the exception of supermarkets
and pharmacies selling basic goods and health care products. Passenger transport and face-
to-face school activities at all levels of education were also restricted in favor of telematics
educational activities during this period.

Time spent at home resulted in reduced mobility. In the same way, one of the main
tools in the fight against COVID-19’s spread was the limited displacement of the Spanish
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population. Both reasons led to a significant decrease in mobility and transport, with the
passenger segment being the most affected and the freight segment maintaining its normal
activity due to the need to ensure and facilitate the distribution of goods [18].

COVID-19 limitations and restrictions on mobility and activities led to empty streets
and, consequently, to a reduction in noise pollution. Several studies quantified the vari-
ations in outdoor sound pressure levels before and during the COVID-19 lockdown in
urban areas based on measurements. A study in Madrid [19] analyzed the information
from the noise monitoring network. It revealed that the average reduction for descriptors
Lgay, Levening, and Lyjgnt due to the reduction in road traffic, was between 4 and 5 dB on
working days but reached 6 dB during the weekends. This study also showed a change
in daily noise patterns. Similar research was conducted in Barcelona [20] and Girona [21],
which showed that all areas did not experience the same reductions in noise levels. In
Barcelona, a significant decrease of 9 dB in A-weighted equivalent sound pressure level
(Laeq) was measured in nightlife areas, a moderate to high decline of 7 dB in commercial
and restaurant zones, and a smaller reduction of 5 dB in densely trafficked areas. In Girona,
in a nocturnal activities area, discernible noise reduction disparities ranging from 5 dB
(Lgay on weekdays) to 11 dB (Lp;gnt on weekends) were recorded, comparing pre-lockdown
noise levels with those during the lockdown period.

The urban areas that experienced the biggest drop in sound pressure levels were
leisure and nightlife areas. Consistent results were also found in other studies in several
cities in Spain, such as Cérdoba [22] and Granada [23]. Similar research was also conducted
in France [24], Italy [25], and England [26].

However, mobility reduction during COVID-19 lockdowns did not only alter the
sound levels, the composition of the soundscapes was also changed. Several studies
based on questionnaires compared the perceived sound environment before and after the
COVID-19 lockdown. They evidenced the positive perception of outdoor soundscapes
during the lockdowns, compared to the pre-existing soundscapes [22,24]. There was an
increase in the perception of biophonic sounds like birds [27] and geophonic sounds [28].
Some studies even detected an increased presence of human sounds of voices and walk-
ing [29,30].

The exceptional situation of COVID-19 confinement produced a change in the habits
of the population at all levels: work, personal, work-life balance, etc. [31]. The home
became the central axis of society [32], and occupants had to adapt themselves to this
new situation, experiencing changes in habits that directly affected their health, such as
a decrease in physical activity [33], which were sometimes solved by practicing sport at
home or changes in diet [34]. These negative lifestyle changes, together with the stress
caused by the pandemic, for example, having a vulnerable person in the family [35], risk of
illness, and constant news about COVID-19, etc. were associated with poor mental health
and other symptoms such as depression, anxiety, or stress [36].

Additionally, telework and online classes were introduced in most Spanish households,
meaning that homes had to combine work, leisure, and family activities. Individuals’
satisfaction with and adaptation to this new situation was conditioned by the characteristics
of the work area and the home itself, as well as by the composition of the household, number
of individuals, and household income [37]. Telework in Spain was mostly maintained
both during the period of confinement and under the new normality, being retained in
43.4% of establishments (8 points less than during confinement) [38]. Also, the closure of
educational buildings led to virtual lessons, so students had to use a domestic space to
follow their courses and do their homework [39].

For all these reasons, housing habitability in general [40-42] and indoor environmental
quality [43—46] in particular were issues of research interest during the lockdown.

Regarding acoustics in dwellings, various activities that demanded different acoustic
requirements, such as telework, exercise, relaxation, virtual interaction with friends, etc.,
had to be performed in shared spaces. In addition, indoor sounds were more noticeable as
occupants spent more time at home. Although the positive assessment of outdoor sound-
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scapes was corroborated by a general reduction in outdoor noise, some questionnaires
also revealed an increase in indoor sounds from neighbors and sounds from occupants
in the same dwelling [22,30,47]. A study in London [48] revealed that airborne and struc-
turally borne noise from neighbors was more annoying than outdoor sounds; in particular,
talking and shouting were the most heard and disturbing noises. However, other stud-
ies in Canada [47] and Turkey [49] found that noise from one’s own dwelling was more
problematic and annoying than noise from neighbors.

It is evidenced in [50] that the indoor soundscape evaluation depends on the activities
performed at home, at least for working from home and for relaxation. Psychological
well-being and comfort while teleworking and relaxation was correlated with comfortable
soundscapes, that is to say, soundscapes with dominant natural sounds and soundscapes
shaped by music and TV played by occupants, in contrast to negative soundscapes with
noticeable noise from neighbors [51]. Regarding noise from building services, the results
of Torresin et al. [52] proved that it was not dominant in most of the buildings in Italy
and London, but soundscapes with less noise from building services were rated as better
for relaxation.

Finally, research on the effects of indoor soundscapes on the self-rated health of
Bulgarian university students [53] showed that exposure to mechanical sounds was related
to worse self-rated health; moreover, the exposure to mechanical sounds resulted in a
lower restorative quality of the home, whereas natural sounds were correlated with higher
restorative quality.

Bearing in mind all the studies referred to noise, social behavior, and health, a lack of
a comprehensive analysis is detected. A contribution covering the main noise sources and
annoyances, together with self-perceived effects on health and well-being, is relevant to
delve into symptoms related to mental health and well-being generated by noise annoyance.
This study tries to unveil possible causes of why people perceived certain health effects
according to the noise sources and the evolution of those, comparing “before pandemic” and
“in confinement” scenarios. Also, this study is the only one that has nationwide responses.

2. Materials and Methods

The research design was developed following the steps described in Figure 1. In
this figure, the main stages of the study are (1) Questionnaire design, according to the
different aspects to be covered (socio-demographic, housing, noise sources, health effects,
etc.); (2) Validation of this questionnaire, based on reliability and validity tests (Cronbach’s
alpha, Kaiser-Meyer-Olkin (KMO) and Bartlett tests); (3) Questionnaire dissemination, for
participant recruitment, using webpages and the snowball technique; (4) Data collection
and processing, using different web platforms, databases, and statistical programs; (5) Data
analysis, including bivariate analysis using chi-Square tests, the Bonferroni correction, and
Wilcoxon test. Details about these steps are given below.

2.1. Data Collection for the Study

The survey questionnaire was originally designed by the Acoustics Group in the
Building Quality Unit in Eduardo Torroja Institute for Construction Science (IETcc), which
belongs to the Spanish National Research Council (CSIC), in collaboration with the Spanish
Acoustical Society (SEA) and together with Spanish representatives of the Young Acousti-
cians Network (YAN). This study belongs to the International Year Sound 2020 (IYS2020)
activities [54].

The survey was conducted to discover the Spanish population’s perception of noise-
related annoyance in their homes during confinement in comparison to the previous
situation. The survey was available in the online Google Forms survey management
software [55]. It allowed the data collection for this study, while the population was still
under certain restrictions, through a simple and easily distributable interface. The link to
participate in the online questionnaire was distributed through web pages of the institutions
involved, email distribution lists, and social networks. The survey link was accompanied
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by participant information and an informed consent letter. It included a brief explanation
informing people about the aim of the study, the confidential treatment of their personal
data, and the anonymity of the answers. No IP addresses were saved.

Questionnaire design

*  Reliability (Cronbach's al-

Validation of the , pha)
questionnaire Validity (KMO and Bartlett
tests)

. o »  Web pages of the
Dissemination of the institutions involved

questionnaire +  Emall
«  Social networks

Data collection &
processing

+  Chi-square test
Data analysis - |+ Bonferroni correction
*  Wilcoxon test

Figure 1. Research design: description of the main followed steps and tools/techniques applied.

The research activity was approved by the CSIC Ethics Committee (Approved Report
ref. 112/2020).

2.2. Questionnaire Design

The questionnaire was based on a previous survey designed in the Action COST
TU0901 [56] in which the Acoustics Group of the Construction Quality Unit of the IETcc
participated. The object of this action was to create a proposal for the convergence in Europe
of different sound insulation aspects and to review criteria for the study of perceived
satisfaction or annoyance related to neighbor noise; as a result, a harmonized questionnaire
was proposed. This questionnaire, in turn, was based on different types of surveys [57-62]
in the study of the subjective response to noise exposures in dwellings and on the standard
ISO/TS 15666 [63]. This standard develops criteria and recommendations for the surveys
conducted to obtain information about noise annoyance “at home”. The translation and the
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wording of the survey into Spanish were also performed in accordance with this standard
and important previous research [64] in order to determine the meaning.

The internal reliability of the entire questionnaire (1 = 64) was assessed using Cron-
bach’s alpha. The Cronbach’s alpha coefficient ranges from 0 to 1, and these thresholds are
used to determine the quality of internal consistency of the questionnaire [65].

a = 0.9: Excellent

« =0.8: Good
« = 0.7: Acceptable
« = 0.5: Poor

« < 0.5: Unacceptable [65].

The construct validity was assessed using the KMO and Bartlett’s tests. The KMO
and Bartlett’s Test of Sphericity are two tests used to assess the suitability of the data
for conducting factor analysis or a similar data reduction technique. Factor analysis is a
technique used to identify underlying patterns or latent dimensions in the data, especially
when working with questionnaires or scales containing multiple items [65].

KMO: The value of KMO ranges from 0 to 1. A value closer to 1 indicates a higher
suitability of the data for factor analysis. As a general guideline, the following ranges are
considered for interpreting KMO:

KMO > 0.9: Marvelous
KMO > 0.8: Meritorious
KMO > 0.7: Middling
KMO > 0.6: Mediocre
KMO > 0.5: Miserable
KMO < 0.5: Unacceptable

Bartlett’s Test of Sphericity: This test evaluates the null hypothesis that the variables
in the dataset are uncorrelated, indicating they are not suitable for factor analysis. A
significant result (p-value < 0.05) in Bartlett’s Test indicates that the variables are sufficiently
correlated to conduct a factor analysis. If the test result is significant, it is appropriate to
proceed with the factor analysis [65].

The results indicated satisfactory validity and strong internal consistency, as evidenced
by a Cronbach’s alpha value of 0.821. Furthermore, the KMO value was 0.839, and Bartlett’s
test was significant (p-value < 0.05), confirming the validity of the questionnaire.

The questionnaire used in this work was entitled “Questionnaire on the perception of
noise in homes during the COVID-19 confinement”. It was designed so that it might be
completed in about 10 min. It was composed of 52 questions grouped into five topics.

1.  Personal variables and social-demographic data (age, gender, education, occupation,
and working from home (WFH) activity) (Q1-Q6).

2. Dwelling data and characterization of the sound environment (Q7-Q17), including
dwelling features and information about the living or working environment.

3.  Comparison of noise annoyance perceived from different noise sources before and
during the confinement period (Q18-Q31). Participants were asked to give scaled
answers regarding the annoyance due to different noise sources by comparing the
situations before and during the lockdown. First of all, a general question (Q18) about
general noise annoyance was asked; the following questions attempted to obtain
related information in more detail. Noise sources were evaluated as the most impor-
tant inside dwellings, for example, neighbors (Q19-Q23) (people talking/shouting,
TV /music, footsteps, movements of furniture, doors closing), noise generated in
common areas (Q24 and Q25) (people walking or talking in hallways and staircases),
service equipment (Q26-Q28) (water installation, ventilation and climate installa-
tions, lifts, etc.), environmental activities (Q29 and Q30) (road, rail, and aircraft traffic,
premises such as garages, shops, offices, pubs, restaurants, laundry rooms, or other),
and own family present at home. Different paths of sound transmission were also
considered in the questionnaire, such as coming through walls or floors/ceilings.
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4.  Self-reporting on the perception of the new sound environment and occupants’ be-
havior (Q32-Q44). Occupants were asked to assess the new acoustic environment and
new sound conditions in their dwellings and to answer how their behavior adapted
to cope with their own noise generated.

5. Emotional and health response to the sound environment and satisfaction with the
acoustic climate at home (before and during the confinement period) (Q45-Q52).
Respondents were specifically asked about their emotions and symptoms related
to mental health and well-being generated by noise annoyances. The emotions and
symptoms participants were asked to report, based on their experience before and
during the confinement, were sleep disturbance, anxiety, stress, lack of concentration,
irritability, or none of the above.

Objective and subjective questions were included, using a single-choice, closed-
response options question matrix, either with yes/no questions or using the Likert scale, to
determine the intensity of the user’s perceptions related to the inconvenience caused by
noise. The Likert ranking was based on unipolar and bipolar 5-point verbal scales [63-66],
ranging from “not at all” to “extremely”, and from “much less than before” to “much more
than before”, respectively (comparison made of the sound environment before and during
the confinement period).

For this study, topics three and five were analyzed in order to find relationships among
their respective variables.

2.3. Variable Selection and Treatment

For this study, the dependent variables related to the most common self-perceived
health effects and discomfort linked to noise were selected. These were anxiety, stress, lack
of concentration, sleep disturbance, and irritability, as well as the absence of all of them.
These self-perceived health effects were declared by the participants in the same question-
naire for two different scenarios: the usual one (pre-pandemic) and the second, during the
COVID-19 confinement (also expressed as “lockdown”, with analogous meaning).

These dependent variables were, in turn, compared with the most common noise
sources. These were grouped, according to their origin, into general noise, noise from
neighbors, noise in common areas, building services noise, cohabitants’ noise (from the
home itself), noise from nearby commercial spaces, and traffic noise. In turn, these sources
could be perceived more sharply, the same, or less before than during confinement.

Therefore, to start the bivariate analysis, the categories were recorded as follows.

e  For the dependent variables (self-perceived health effects and discomfort), the multiple
responses were selected in isolation, converting each health effect into a dummy vari-
able, with “1” being the perception of each effect and “0” its absence. This conversion
was carried out for the two periods compared (before and during confinement).

e  For the independent variables corresponding to the noise sources, the questions related
to each of them were originally grouped by nature. In turn, the original answers on
the perception of noise by type of source were distributed on a Likert scale of five

”ou

categories. These were “much less than before lockdown”, “somewhat less than before
lockdown”, “same as before lockdown”, “somewhat more than before lockdown”,
and “much more than before lockdown”. These five categories were regrouped into
two new answers, “less than or the same as before the lockdown”, also referred to
as “<in confinement” in Table 1 (grouping the first three), and “more than before the
lockdown” (including the last two), expressed as “>in confinement”, in the cited table.
Thus, the crosses of Table 1 were constructed, where only the relative distributions (row
percentages) of those who declared each of the health conditions (or the absence of all
of them) were reflected before and during the confinement. These were distributed
for each noise source, distinguishing whether it was perceived more, the same, or less
than before confinement.
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Table 1. Compared health impacts pursuant to noise sources.

Before COVID-19 Pandemic

During Lockdown

. Sleep . Lack of PRI None of Sleep . Lack of o1 None of
Noise Source Disturbance Anxiety Concentration Stress Irritability Them Disturbance Anxiety Concentration Stress Irritability Them
% p* % p* % p* % p* % p* % p* % p* % p* % p* % p* % p* % p*

General

</=in confinement 15.1 3.0 38 14.0 67.3 14 6.0 36 63 <0001 124 <0001 753 <0.001 11  0.391
> in cont. 264 0001 jg9 <0001 goq <0001 5o, <0001 55 <0001 g5 0909 5 <000 gpg <0001 55, 383 443 2.0

Neighbors

</=in confinement 125 27 3.8 114 715 <0.001 11 0605 42 <0001 34 0005 42 <0001 103 <0.001 80.6 <0.001 0.8 0218

>in conf 248 <0001 g 0003 50 <0001 545 <0001 g4, 17 17.9 9.3 17.5 315 50.0 2.0
Common areas

</= in confinement 147 29 45 145 66.8 18 71 <0.001 39  <0.001 63  <0.001 147  <0.001 729 <0001 18 0219
> in conf 281 <0001 459 <0001 ;oq <0001 565 <0001 g5, <0001 o5 0219 545 11.9 216 35.7 465 0.5

Building services

</=in confinement 156 3.0 6.0 141 665 <0.001 15 0768 7.8 <0001 48 0009 65 <0001 156 <0.001 715 <0001 15  0.768
>in conf 274 0001 pp5 <0001 445 0001 55, <0001 gy g 12 20.2 10.7 22.6 35.7 47.0 12
Premises

</=in confinement 17.6 52 7.7 174 631 0103 12 0085 110 0216 60 0072 98 <0001 208 0154 653 009 15 0391
>in conf 362 0002 55 0034 g5 0029 595 0036 g5y 43 17.0 12.8 27.7 29.8 53.2 0.0

Traffic

</=in confinement 17.8 5.1 7.1 17.0 634 005 10 0012 109 0166 59 0081 99 0.001 206 0079 656 0047 12 0175

>in conf 305 0019 qq9 0037 553 <0001 5,5 0011 g5 5.1 16.9 119 23.7 30.5 525 34
Cohabitants

</=in confinement 17.6 49 6.1 145 659 0003 12 057 96 0019 49 0011 64 <0001 154 <0.001 721 <0.001 15  0.859

>in conf 209 0158 g3 0125 g, 0001 55, <0001 555 1.9 16.6 10.8 24.2 37.6 43.9 13

* Bonferroni post hoc correction (p < 0.05/12 thatis p < 0.004). Bold percentage values implied the direction of the relation.
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2.4. Statistical Analysis

Due to the exploratory nature of the study, a descriptive statistical analysis was con-
ducted, followed by a bivariate analysis utilizing the chi-square test. Bonferroni correction
was used to account for multiple comparisons. To assess the differences in responses before
and during the COVID-19 lockdown period, the non-parametric Wilcoxon test was used
for analysis.

SPSS software, version 29, was utilized for conducting the analysis.

3. Results
3.1. Overall Representation and Result Distribution

A total of 582 responses to the questionnaire were collected between 26 June and
24 July 2020. During this period, Spain was in phases II and III of de-escalation or in a
new-normal situation. However, this period was close enough to the start of the lockdown
period for participants to easily remember how they perceived the soundscape before the
confinement period.

The response rate was 97%, as only 565 questionnaires were statistically analyzed.
The remaining responses were rejected because they were received from places other than
Spain or had inconsistencies (e.g., all answers were null or duplicated). Other inclusion
criteria were being over the age of 18 years, expressing agreement to voluntarily participate
in the study, and having read the information sheet. No incomplete answers were received.

The participation distribution nationwide is shown in Figure 2.

Figure 2. Distribution of Spanish homes’ participation. Blue circles show participation clustered for
each of the Autonomous Communities (regions) within the whole national territory.

As Figure 2 shows, the distribution of the online questionnaire was quite balanced
throughout the national territory. Despite the limitation of this route, being an exploratory
study distributed for convenience, responses from all the autonomous communities and
from almost all the Spanish provinces were obtained.

Figure 3 below shows the main socio-demographic characteristics of the sample,
including the variables gender, age, educational level, and current employment status.
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46.7%
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85.8%
66.5%
22.1%
14.2% _
8% .°
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Figure 3. Distribution of the sample according to socio-demographic variables (gender, age, level of

studies, and current employment).

Regarding gender, the distribution was fairly even between males and females, obtain-
ing more responses from the first. The majority age group corresponded to the middle-aged
active population (two-thirds), while more than a fifth of the sample were young people
between 26 and 39 years old. The youngest and the oldest participants were in the minority.
Regarding the level of studies, a large majority had university studies, and something else,
even, in the sample itself, they were full-time employees, compared to other very minority
groups (students, retirees, unemployed, etc.).

Below, Figure 4 shows the comparative distribution in percentages of the perception
differentiated by noise sources before and during the pandemic.

55%

50%
36% 35%
14%
10%

General noise Ne\ghbour noise

58%

25%
7%

Common access
areas (corridors,
stairwells...)

m Less annoyed than before the COVID lockdown

More annoyed during the COVID lockdown

3%

12% 135

Buﬂdmg services

63%
56%

3%
7%
8% 10%

Premises (leisure, Qutdoor noise
oommermal ) (traffic)

62%

28%

1%

Noise from
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Figure 4. Compared distribution of noise sources and annoyance before the pandemic and during

lockdown for the Spanish home sampling.
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According to Figure 4, on the comparative perception of the different sources of noise
by participants, three of them could be highlighted: exterior noise (the only one of all the
sources with the majority of perception before confinement), noise from building facilities
(source with the highest percentage of stability between the pre-pandemic period and
confinement), and noise in general and from neighbors, which comparatively obtained
more than a third of the total higher perceptions during lockdown than before. These were
followed by noise from common areas, also more perceived during this period for a quarter
of the sample. However, among the indoor sources, the most perceived was the noise from
neighbors during confinement. Annoyance due to noise produced by the users themselves
also increased during the confinement period. A comparison of perceived health effects in
the two periods is shown in Figure 5.

62.1% 64.2%

18.4% 216%
58% 6.5% 8.5% 11%
(] (1]
mn 0B 14% 14%

Sleep disturbance Anxiety Stress Lack of [rritability None of them

concentration

w Before Pandemic ~ m During confinement

Figure 5. Distribution of perceived health impacts before and in lockdown.

Figure 5 describes the main health effects self-perceived by the participants in the
sample, both before the pandemic and during confinement.

Two-thirds of the sample that declared feeling irascible, both before the pandemic and
during confinement (this value being somewhat higher), stood out considerably compared
to a minority that, in general, claimed to suffer the rest of the health effects due to noise.
Thus, for example, sleep disturbance and lack of concentration before the pandemic had
similar values, close to a fifth of the sample. However, its evolution during confinement
was not the same. However, sleep disturbance decreased by 7.6 percentage points, and lack
of concentration increased by just over 3, similar to the increase experienced by those who
perceived stress, which increased from 8.5% to 11.3%. For their part, the minorities who
experienced anxiety before the pandemic (5.8%) did not change much, as they rose by a
little more than half a percentage point. Finally, those who did not perceive any effect on
health effects remained at 1.4% before and during confinement.

3.2. Bivariate Analysis According to Noise Source and Health Impacts for the Two
Scenarios Described

Table 1 includes all the relationships between the different kinds of noise sources, per-
ceived with more intensity before or during confinement, and the self-perceived statement
of effects on health and well-being associated with noise for both scenarios. The results are
presented in Table 1.
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3.2.1. Relations between Variables before COVID-19 Pandemic

With regard to suffering from some type of health condition before the pandemic,
several respondents showed a significant relationship with the noise source. Only those
who stated “not suffering from any condition” showed a significant relationship with the
type of source “traffic”, although this absence of discomfort was greater during confinement.
The remaining sources did not show significance with not suffering any health condition.

The effects that showed a statistically significant relationship with more noise sources
before the pandemic were lack of concentration and stress. Only lack of concentration
manifested to be more pronounced during confinement. As a difference to highlight
between both conditions, the lack of concentration accounted for between 40% and 70%
fewer reported cases than stress (obtained by calculating the ratio between percentages
for both health effects for the same period and noise source, according to results shown in
Table 1), with the differences being greater for those who reported a greater impact in the
pre-pandemic period. The differences were somewhat smoother for those who suffered
from both effects and also perceived more noise from sources during confinement.

Sleep disturbance showed a significant relationship with all noise sources except traffic
and cohabitants. Instead, anxiety showed a significant relationship with all except premises,
traffic, and cohabitants. Likewise, all these noise sources were perceived by those who
declared suffering from any of these effects, more markedly, during confinement.

Finally, before the pandemic, irritability showed a statistically significant relationship
with five different noise sources (general noise and all indoor noise), while it did not with
noise from premises and traffic. It is also noteworthy that the declared irritability, in all
cases of statistical significance, was comparatively higher when the sources were more
perceived before the pandemic.

3.2.2. Variable Relationships during Lockdown

7

During confinement, the declared situation of “not suffering from any condition”
attributable to noise was not significantly related to any source of noise, always having less
than 4% of the sample by category and variable.

As for those who did declare having some condition, lack of concentration was the
only one that showed a significant relationship with all sources of noise, highlighting this
relationship with a greater incidence of all these sources during confinement. Irritability
followed, statistically associated with all noise sources except for room noise. This variable
continued to show in this period an inverse relationship with noise sources, compared to
the rest of the health effects.

For the rest of the effects, such as sleep disturbance, anxiety, and stress, noise sources
significantly associated were general noise and all indoor noise, except premises and traffic.
The relationship between these three effects was significant when these noises were louder
in confinement.

3.2.3. Comparison before/during Lockdown

Regarding the comparison between the perception of noise and its effects before the
pandemic and during confinement, some percentages stood out.

Comparing the general distributions by health condition before and during the pan-
demic, these could be grouped by frequencies obtained. First of all, irritability was the
most declared condition, varying between 40% and 80% of the sample, depending on the
category of period where each noise source was perceived more. This variable showed a
more pronounced behavior for those whose noise sources were more annoying before the
pandemic. Additionally, it showed its maximum values for noise from neighbors (71.5%),
while the lowest value was for traffic noise (50.8%). During the State of Alarm, irritability
expressed its maximum for the “neighbors” noise source (80.6%), while its minimum was
related to the noise from home cohabitants (43.9%).

The following most declared conditions were sleep disturbance and stress for the
pre-pandemic period. While, for the confinement period, sleep disturbance (which varied
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between 4.2% and 21.4%) was reached, with a margin of between 1 and 10 percentage
points, due to the lack of concentration (with a 20.3% maximum pre-pandemic frequency
and 27.7% in confinement, for the most voted category). Perceived stress presented its
highest value before the pandemic for traffic noise, more pronounced during confinement
(30.5%), while the least valued category was noise caused by neighbors, more pronounced
before confinement (11.4%). During confinement, stress fluctuated between 10.3% from
noise by neighbors (for those who perceived it more strongly before confinement) and 38.3%
from general noise, which was perceived by the sample (more strongly in confinement).

For its part, sleep disturbance varied in the pre-pandemic period, between 12.5%
(coming from more pronounced noise by neighbors more perceived before the pandemic)
and 36.2% relative to noise by premises (source more accentuated during confinement).
During the quarantine, these distributions fluctuated between 4.2%, coming from noise by
neighbors again, also notable before the pandemic, and 21.4% from general noise, mostly
perceived in the period of the State of Alarm.

The lack of concentration ranged, before the pandemic, between 3.8% of general noise
and neighbor sources (declared as more perceived before the pandemic) and 20.3 percentage
points from traffic (for participants declaring more outstanding after the declaration of the
State of Alarm). During this quarantine period, this condition varied between 4.2%, also
caused by neighbors, more pronounced before the pandemic, and 27.7% caused by locals,
more accentuated during the confinement.

Furthermore, anxiety varied between 2.7% due to neighbors (more highlighted before
the pandemic) and 12.8% due to premises, suffered more during the quarantine. Meanwhile,
during the lockdown, it was declared by between 3.4% and 12.8%, respectively, for the
same reasons. In the declared case of not perceiving a condition attributable to noise, the
percentages varied between 0.5% due to noise from common areas, more perceived during
confinement, and 5.1% due to traffic for people during the pandemic, for the period before
the quarantine. For the situation of confinement, the absence of effects on health varied
between 0.0% for premises (according to people voting more annoying in quarantine) and
3.4% for traffic (also perceived as more remarkable in confinement), thus decreasing during
the pandemic.

Finally, the Wilcoxon signed-rank test revealed a significant difference (Z = —3.867,
p < 0.001) in participants’ satisfaction with the acoustic environment before and during con-
finement. Additionally, considering each health effect (categories), a significant difference
was observed for “sleep disturbance” and “stress” (Table 2).

Table 2. Results for the Wilcoxon signed-rank test for the acoustic environment by noise source,
comparing “before” and “during” confinement.

Test Statistics

Categories (Health Effects)

z 4
Sleep disturbance —4.557991 0.000 *
Anxiety —0.707107 0.480
Stress —2.138090 0.033 *
Lack of concentration —1.748315 0.080
None of them —0.986394 0.324
Other 0.000 1
Irritability —1.279204 0.2001

* p value < 0.05 implies a statistically significant relationship for the category, according to the test.

4. Discussion

According to the results, stress and sleep disturbance were the effects subjectively
related to a greater number of noise sources. This marked behavior in totality could be
explained by a general lack of sound insulation in the residential building stock towards
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the outside of the unit-dwelling for the fourth or third part of the sample, depending on
the noise source. This is consistent with empirical studies on Spanish housing [67-69] and
is justified according to the year of construction of the residential stock, as indicated by the
Long-Term Strategy for Energy Rehabilitation in the Building Sector in Spain [70], as well
as with the changes in habits carried out during the quarantine [31,48]. Likewise, it can
be compared with the study of habitability in Spanish homes during the pandemic, which
established acoustic discomfort for 40% of the homes surveyed [42], as well as with another
study that established an average sound insulation of 40 dB for Spanish homes [67]. These
health effects from multiple sources were mostly perceived by staying longer at home while
the population was confined [47,49]. For its part, the percentages of stress increased for
those affected during confinement. It was mainly due to the sources of general noise and
internal noise (aligned with studies on neighbor noise and home noise) [22,47,48], while
it remained constant for local and traffic sources [49]. One possible explanation, given
that the activity of the latter two sources decreased in confinement [18-23], would be that
stress was due (at least partially) to issues other than noise. In fact, uncertainty, concern, or
instability provoked by the pandemic or, more specifically, by the lockdown itself would
boost noise as a stressor [49,71,72]. Also, other likely situations, such as being close to
nuisance sources (whose emissions had remained stable in both periods) or even worrying
about being an annoying noise source for others [49], could be affected.

This was not the case for sleep disturbance. Although it showed significant relation-
ships with external sources on a regular basis during the pandemic, it was not statistically
related. The non-statistical significance could once again be due to sleep disturbance at-
tributable to other causes, such as habit changes, the uncertainty of the pandemic itself,
or other related socioeconomic conditions, such as concerns about job stability or family
income, or of another nature [73].

These conditions (stress and sleep disturbance) were surpassed by irritability in terms
of frequency but not in the number of related sources. This, in turn, was significantly more
pronounced in the opposite direction than the rest of the conditions. In general, people
declaring to perceive irritability lightly increased in general terms in quarantine (Figure 5).
However, when analyzed in relation to noise sources, the proportion of people feeling
irritability mostly declared to perceive each noise source as less notable in confinement,
and thus, being more significant than the annoyance before the pandemic. This is, with
nuances, consistent with [74].

Another remarkable behavior of irritability regarding health came from related noise
sources. Usually, irritability was related to all sources inside the building and the dwelling
itself but not to external sources (local and traffic). Observing the distributions for both
periods, it can be concluded that the percentage of the sample affected by this source was
the same in both periods. However, there were many more who declared that it bothered
them more before confinement due to the decrease in traffic due to the lack of external
activity [22].

Lack of concentration was also significantly related to all noise sources (except premises),
but only for a fifth of the sample at most, as usual. This percentage reached, according
to different sources, a quarter during the pandemic, declaring these sources to be more
remarkable during confinement. The possible explanation for the significance maintained
in both periods with all sources could be due to the existing difference in cases; very
few declared greater discomfort in the pre-pandemic period compared to those declaring
greater disturbance in confinement. For the latter, percentages ranged from a fifth on a
regular basis to a quarter for certain sources during the lockdown. Another reason could
be poor acoustic insulation and more time spent in homes performing various activities
simultaneously. In the sample, there was a large number of teleworkers, which could have
influenced and even biased the answers specifically in this health condition since several
studies showed that noise affected the ability to telework [37,47,51,75].

Anxiety in the usual way was the least frequent health condition, more pronounced
due to noise from some external sources (premises and traffic) and some from inside the
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building (facilities and common areas) for an eighth of the sample, and less due to the
remaining sources. This condition began to maintain a more or less stable behavior after
confinement, regardless of the type of source. Anxiety could be mainly due to, or more
influenced by, other factors. Moreover, it was not associated by the majority of participants
in the sample with specific sources of noise [49,71].

Study Limitations

The sample obtained as the basis of the study has certain limitations and the usual
biases in this type of study and data collection [76-78]. On the one hand, the sample
was non-probabilistic and collected through digital media dissemination. An internet
connection and the use of a computer, a tablet, or a smartphone was required to answer the
questionnaire. People with digital resources and skills to manage them were more likely to
participate (only 7.9% of participants were 65 years of age or older). In addition, people
who were already teleworking (73.9%) and, therefore, equipped with these resources were
more likely to participate in the survey compared to those working on-site (26.1%) or to
general population.

On the other hand, a potential bias in data collection was the distribution of the
survey within the technical and scientific community, as it can be deducted by 85.8% of the
respondents having a qualification of at least a university degree, and specifically 33.3%
were post-graduates (master or doctorate). There was an overrepresentation of highly
qualified people.

Regarding the size of the sample, it can be thought that it is compromised, but it is
usual that in studies carried out in the field of building acoustics, the sample size is not
highly representative. In this field, procedures based on in situ surveys have been used
since the middle of the 20th century to make regulative decisions [79-81].

Surveys carried out in different European countries over several decades, including
the most recent ones [82-86], showed that the size of the sample in home surveys, had
around several hundred participants. Only a few studies carried out over several years
have reported significantly superior results.

Therefore, the sample obtained with this study, in exceptional and urgent circum-
stances such as the COVID-19 pandemic, despite not being highly representative, did
represent a relevant source of information for the analysis of the acoustic comfort condi-
tions of Spanish homes.

Finally, more limitations were detected in this study. The first one is related to the
description of a “whole noise-related picture” of the disruptive event of COVID-19 for the
Spanish population. In fact, the analysis shown in this contribution is mainly descriptive,
including absolute and relative frequencies and bivariate analysis. Proxy probability or
other multivariate predictive models have no sense in this kind of study, with many
dependent variables, also comparing all of them for two scenarios.

Additionally, the ability to recall noise perception before and during the lockdown
period may be affected by the time elapsed between the end of the lockdown and the
completion of the questionnaire. Another limitation of this study is related to the self-
perceived character of the health conditions included. Since no medical or personal data
were asked for, and given the subjective nature of the questionnaire, the perception of
noise sources and health perturbations were described according to the participants. Also,
variables such as the dwelling type or urban/non-urban municipalities were not included
in this study, so a deeper analysis could have been relevant in this sense.

5. Conclusions

This study presents a national overview of Spanish households on the possible dis-
comfort or health conditions in relation to the perception of noise by source. These possible
relationships were comparatively established for the scenarios before and during the
COVID-19 confinement.
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Although definitive conclusions cannot be established that relate cause—effect, there
were interesting relational trends. These allow both to define the different noise sources
with possible effects and to relativize them, in the case of an extreme situation, against
other possible causes that remained stable in both scenarios (such as no variations found in
the noise sources between the compared periods).

Even though the disruptive circumstances of COVID-19 confinement and the associ-
ated uncertainty might have altered citizens’ perception of their own environment, this
work reveals a slight increase in noise annoyance due to internal noise sources during the
COVID-19 lockdown. The reasons for this discomfort were the variety of activities per-
formed in dwellings, the longer exposure to indoor noise sources, and the lack of acoustic
quality of most of the building stock [67-69,87,88].

This paper evidences the importance of acoustic conditions in dwellings and the
need to increase the sound insulation of both the external envelope and the internal
building elements. This implies including acoustics in the retrofit targets and plans for
the existing building stock, as well as the enforcement of regulations for new housing and
for environmental noise since comfortable acoustic environments can be associated with
higher psychological well-being.
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