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Noisiness in the working environment was largely proved to have effects on the working
activity and performance. To limit the spreading of the COVID-19 pandemic in the first
wave between March and May 2020, ltalian workers had massively started performing
remote working. Insights on the subjective perception of noise annoyance under the
remote working settings were thus necessary. Workers from a university and from several
large and small ltalian companies, resulting in 1,934 participants overall, answered to a
questionnaire on the perception of noise annoyance in the remote working environment. A
total of 57% of the responding workers stated to be sensitive to noise. The questionnaire
was delivered online; data were recorded anonymously and then aggregated for statistical
analyses. Results show that 55% of the workers perform their activity in an isolated room of
the home environment, 43% in a shared room (e.g., kitchen, living room), and 2% in an
outdoor space, with the majority of workers (57 %) performing activity without other people
in the environment. Among the noise sources investigated, 25% of workers recognize the
noise generated by people (e.g., talking, moving, calling, listening to music) as the main
source of disturbance. The negative consequences of noise annoyance during the remote
working hours are mainly related to a loss of concentration and to a difficulty in relaxing.
Furthermore, workers reported to get easily irritated by noise generated from the
neighborhoods or from the housemates as it tends to distract from finishing a task.

Keywords: well-being, noise annoyance, office acoustics, remote working, noise sensitivity

INTRODUCTION

During the COVID-19 pandemic, Italian workers have been pushed to perform remote working to
limit the increasing number of infections from the virus, especially within the first wave in March-
May 2020, with a progressively growing portion of population working from home. According to a
recent report from the Italian National Institute of Statistics (ISTAT-Istituto Nazionale di Statistica,
2020), remote working was engaged by 8% of microenterprises (i.e., with 3-9 workers), 19% of small-
size enterprises (i.e., 10-49 workers), 50% of medium-size enterprises (i.e., 50-249 workers), 77% of
large-size enterprises (i.e., more than 250 workers). Such a change in the working organization has
thus brought a great number of people to live and work in the same location, that is, at home. Recent
studies highlighted the quantity of positive aspects related to remote working, such as improved
working performance, cutting of traveling costs, saving of time, and increasing of employee
satisfaction (Barbuto et al, 2020; Thulin et al., 2020). From an acoustic point of view, an
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investigation approach based on indoor soundscape (Torresin
et al.,, 2020a) revealed a number of positive effects on remote
working and people’s well-being. As an example, Torresin et al.
(2021) reviewed a number of studies that proved the significant
association between perceived soundscapes rated as positive and
1) a faster recovery from stress, 2) better self-reported health
conditions, and 3) higher self-reported well-being. Furthermore,
they found a positive and significant association between
perceived well-being and comfortable-rated soundscapes from
people who worked from home, particularly when a little
component of “content” (i.e., so-defined as an empty or full of
content continuum) was present in the environment. However,
there are several detrimental effects on the perceived well-being
related to the remote working condition. Several authors have
shown the increase of stress, discomfort, and anxiety during the
remote working, especially because of a continuous usage of
technology (Tarafdar et al., 2010; Salanova et al., 2013; Molino
et al., 2019) and of an increased sedentary behavior associated
with longer sitting and screen time (McDowell et al., 2020).
Furthermore, working from home involves different job
routines alternated to family needs: frequent changes in the
working process, and various cognitive tasks in turn, were
proved to lead to additional negative effects such as a sense of
frustration and feeling guilt (Spagnoli et al, 2020). In this
framework, the features of a built environment may play a
critical role in health. Amerio et al. (2020) reviewed several
studies that proved the onset of mood lability, depressive and
anxiety symptoms, alcohol abuse, irritability, in subjects who
have experienced COVID-19 quarantine. In their study based on
the administration of online surveys, they observed that a poor
quality view from the inside to the outside of a house was
associated with moderate and severe depressive symptoms,
and that this combination of factors generated a significant
loss in working performance. Andargie et al. (2021) observed
in a study on Canadian remote workers that the problem of
insulation from airborne sounds and impact noises in buildings
was the major cause of annoyance during working hours.

Together with personal issues, effects on the working activity
may be due to recurrent environmental conditions; however, the
extent to which they act in the remote working setting is largely
unexplored. Before the pandemic, in fact, studies have mainly
focused on understanding how noise from neighbors could annoy
dwellers, revealing that noise from neighboring flats is the second
most relevant source of noise (32% of answers) when staying at
home (WHO-World Health Organization, 2007) right after
traffic (38% of answers). Therefore, it is reasonable to
investigate on the effect of noises in the living environment
once people are asked to stay at home also for working.

When working from a specific workplace, it is fundamental to
recognize the noise sources that mainly cause disturbance and
degrade productivity (D’Orazio et al., 2019). In shared and open-
plan offices the noise that is generated from colleagues who
converse, laugh, or talk at the phone (ie., the so-called
irrelevant speech) was found to be one of the main causes of
annoyance and reduced productivity, and of growing of
symptoms related to mental health and well-being (Di Blasio
et al,, 2019). In addition, having a positive acoustic environment

Noise Annoyance in Remote Working

when working has consequences on the perceived comfort and
well-being, in fact noisy offices may bring to frequent headaches
(Pejtersen et al., 2006; Kaarlela-Tuomaala et al., 2009), loss of
concentration (Banbury and Berry, 2005; Pejtersen et al., 2006;
Kaarlela-Tuomaala et al.,, 2009) and motivation (Jahncke et al,,
2011), general sense of stress (Evans and Johnson, 2000; WHO-
World Health Organization, 2000). Under such conditions,
speech intelligibility, and so the ability of understanding words
with a reduced involvement of cognitive resources, is strongly
challenged too (Colle and Welsh, 1976; Hongisto et al., 2007;
Haapakangas et al., 2014; Schlittmeier and Liebl, 2015; D’Orazio
et al,, 2018). As a remote working environment typically hosts a
whole family or house-mates group, irrelevant speech can thus be
considered one of the main causes of noise annoyance as it
happens in proper workplaces. Nevertheless, understanding
which are other recurrent and annoying noise sources may
help practitioners in contributing to the acoustic design of
homes also to support remote working premises.

Following an article by the authors that focused on the effects
of irrelevant speech noise in offices of different sizes (Di Blasio
et al., 2019), the aim of this work is to extend outcomes to the
environments where remote working is performed as its practice
is getting more and more common. The approach adopted in the
present study may only partially represent the actual perception
of indoor soundscapes during the remote working situation, as it
does not account for the possible positive features related to the
environment. However, the authors aimed at investigating the
annoyance generated by noise from the very beginning. In
particular, the aim of the present study is twofold: 1) to
investigate the effects of noise on the perceived annoyance,
productivity, mental health, and well-being; 2) to assess the
relationship between noise annoyance, subjective and
environmental characteristics.

METHODOLOGY

Participants

Workers were recruited via online questionnaire in May 2020.
The overall response rate corresponded to 20%, which is in
agreement with other works that used the same method of
online questionnaires administration (Nulty, 2008). Owing to
incomplete answers, a final number of 1,934 respondents were
considered who belonged to one university (# = 1,104), one large
size company (n = 731), 25 research and development units
related to university (n = 59), five research centers (n = 10), and
19 small-size companies (n = 30).

The respondents’ characterization with the description of the
information related to the city where the remote working was
experienced, age, gender, professional sectors, and number of
people in the working environment and in the overall living
environment too is provided in Table 1.

Concerning the remote working environment, respondents
were grouped into five clusters based on the most recurrent
typology of room/space where they were placed, that is, in a
separate environment (e.g., a room where the worker could isolate
herself or himself; 54.6% of the answers), in a shared environment
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TABLE 1 | Main characteristics of the total sample (n = 1934) given overall.

Background information

Gender

Age range

Nationality

Remote working city

Professional sector

Number of people in the remote working environment (yourself excluded)

Number of people in the overall living environment (yourself excluded)

(e.g., an open space, the kitchen, the living room; 43.1% of the
answers), outdoor (e.g, a balcony, a terrace, a garden; 0.8% of the
answers), other environments (1.1% of the answers), a mix of the
above (when they reported to change repeatedly the workstation
in the house; 0.4% of the answers).

The location of the city in which the company/research center/
university were settled was asked as there can be sociocultural
differences whether it is in the North or in the South of the
country (Carboni and Russu, 2018). In the present work,
however, the location of the city where the remote working
activity was performed was considered, as sociocultural factors
could also be mixed with geographical premises that led, for
instance, to keep windows opened due to weather conditions that
brought to an increased perception of noise from the outside
rather than from the inside.

Questionnaire

The questionnaire was designed according to a previous work (Di
Blasio et al., 2019). It was delivered online, and the participation
was given on a voluntary base: an email was sent with a link that

Noise Annoyance in Remote Working

Overall

n %
Female 1,127 58
Male 807 42
18-25 74 4
26-35 509 26
26-50 534 28
51-65 783 40
65+ 34 2
[talian 1889 98
Other 45 2
Northern ltaly 1,560 81
Central Italy 122 6
Southern ltaly 228 12
Other 24 1
Technical 381 20
Engineering 490 25
Management 164 8
Administration 445 23
Creative, design and architecture 123 6
Other 80 4
Teaching 40 2
Researcher 97 5
Sales and public affairs 48 2
Teaching and researcher 37 2
Services 29 1
0 1,100 57
1-2 743 38
3-4 85 4
5+ 6 0
0 284 15
1-2 1,061 55
3-4 547 28
5+ 42 2

directed to the compilation of a Google Form approved by the
head of the human resources of each company. The email was
accompanied by an invitation letter with a brief explanation to
inform the workers about the aim of the study, the confidential
treatment of their personal data, and the anonymity of the
answers.

An overall number of 22 questions with close answer were
included in the questionnaire, which was delivered both in Italian
and in English to reach the majority of workers possible. The
compilation time was estimated in approximately 2 minutes, as
questions were designed to be very easy to be read and the
possible answers were either organized on a 5-point scale or on a
single-choice selection.

Seven questions were related to the respondents’
background about gender, age, nationality, company name,
location of the city of the company, city of remote working,
professional sector, and two more questions were asked with
regards to the number of people in the working environment
and in the overall living environment—excluding the
respondent herself or himself—as already reported in
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TABLE 2 | Questionnaire layout.

Topic ID
Annoyance Q1
Mental health well-being Q2

(feelings and symptoms)

Work productivity Q3
Q4
Q5
Mental health well-being Q6

(interpersonal relationships)

Occupants’ behavior Q7
(personal strategies)

Occupants’ sensitivity and Q8
reaction to noise Q9
Q10
Qi1
Q12

Noise source perception Q13

Table 1. Then, 12 questions that were specifically oriented to
assess the relationship between noise sensitivity, annoyance,
well-being, and work productivity were given and are

Question Scale
How much does noise annoy you during your smart 5
working activity
What is the main feeling (or symptom) related to noise Single
during your remote working activity choice

Noise Annoyance in Remote Working

Label(s)

Not at all (1) - Extremely (5)

Stress

Negative feeling such as feeling displeased
Negative feelings toward other housemates
Loss of concentration

Anger

Loss of motivation

Headache

Tiredness and overstrain

None

Other

How much do you agree with the following statements?

Noise often interrupts me during my smart working activity 5
Noise does not allow me to work as much as | would like

during my remote working activity

Noise significantly reduces my work performance during

my remote working activity

Noise during my remote working activity compromises 5
the harmony at home

What is the main strategy that you use to reduce the
annoyance resulting from noise during your remote
working activity?

Single
choice

Strongly disagree (1)—Strongly agree (5)

Strongly disagree (1)—Strongly agree (5)

Take a break

Change work task
Headphones with music
Noise cancelling headphones
Open the window

Close the window

Change room

Close the room door

Plan the return to office

Ask people to reduce their voice volume
None

Other

How much do you agree with the following statements?

| am sensitive to noise 5
| find it hard to relax in a place that is noisy

| get mad at people who make noise that keeps me from

falling asleep or getting work done

| get annoyed when my neighbors are noisy

| get used to most noises without much difficulty

What is the main source of noise present during your
remote working activity?

Single
choice

Strongly disagree (1)—Strongly agree (5)

Technological noise (household appliances, systems,
television, tablets)

o Traffic (vehicular, rail, air)

e Sirens (@ambulances and firefighters)

Anthropic noise generated by children under the age of
5 years, anthropic noise generated by children aged
6-13 years

Anthropic noise generated by adults (conversations,
video calls, physical activity, music)

e Noise from own pets

Noise of nature (chirping of birds, noise from
neighborhood animals, wind, water)

Neighborhood noise (trampling, shouting, loading, and
unloading of goods, music)

summarized in Table 2. A last question in Table 2,
i.e.,, Q13, was added to ask for the main perceived source
of noise during the remote working activity.
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TABLE 3 | Mean and mode values of the answers given by nonsensitive (n = =358) to noise respondents on noise annoyance (Q1), work productivity (Q3, Q4, Q5), and
mental health and well-being (Q6) for different typologies of remote working environments, considering. Two-tailed p-values of significance for the differences between
across environments are reported according to the Kruskal Wallis (KW) Test. Specific significant differences (p-value < 0.10) between environments are given as mean values

in italics as a result of the application of the Mann Whitney U Test.

ID Separate Shared Outdoor Other Mix of KW p-value
environments
(n = =198) (n ==151) (n ==3) (n = =6) (n = =0)
Mean Mode Mean Mode Mean Mode Mean Mode Mean Mode

Noise annoyance

Ql 1.69 2.00 1.83 2.00 1.67 2.00 2.50 1.00 - - 0.09
Work productivity

Q3 1.76 1.00 2.00 2.00 1.67 2.00 2.50 1.00 - - 0.06

Q4 1.71 1.00 1.83 2.00 1.67 2.00 2.33 1.00 - B 0.31

Q5 1.66 1.00 1.82 1.00 1.00 1.00 2.00 1.00 - - 0.13
Mental health and well-being (interpersonal relationships)

Q6 1.72 1.00 1.77 1.00 1.67 1.00 2.00 1.00 - - 0.68

Each question, the Likert ranking based on the 5-point scale,
and the list of items in the single-choice option were all
appropriately defined based on previous studies. Particularly,
the article by Di Blasio et al. (2019) and its references were
used as main baseline to design the presented questionnaire.
Furthermore, specific questions on noise sensitivity were added
based on Senese et al. (2012) who validated the Italian version of
the “Weinstein Noise Sensitivity Scale (WNSS).”

Answers related to mental health and well-being (Q2) were
grouped as suggested in Di Blasio et al. (2019). In particular,
clusters turned into: loss of concentration, mental illness (stress),
emotional and social feelings (negative feeling such as feeling
displeased, negative feelings toward other housemates, anger, loss
of motivation), physical symptoms (headache, tiredness, and
overstrain), none, others.

Answers related to personal strategies due to occupants’
behavior (Q7) were grouped, again as suggested in Di Blasio
et al. (2019). In particular, clusters turned into: use of
technological tools (headphones with music, noise cancelling
headphones), use of adaptive behaviors (take a break, change
work task, open the window, close the window, change room,
close the room door, plan the return to office), asking people to
reduce their voice, none, other, mix of the above. As in the
category “other” several answers frequently recurred, the
following clusters were added, that is, working in different
time, using earplugs, listening to music.

Statistical Analyses

Statistical analyses were performed using SPSS (IBM Statistics20,
IBM, Armonk, NY, United States ). Nonparametric tests were
applied to the database that contained data measured with ordinal
and nominal scales, according to Sigel and Castellan (1988).
Answers given to the questions related to the perceived noise
annoyance, work productivity, mental health, and well-being,
were separated per each type of environment were respondents
performed their remote working activity were considered (i.e.,
separate room, shared room, outdoor space, other, mix of

environments). Then, comparisons were performed first with
the Kruskal Wallis (KW) test, which fits the comparison of results
for more than two groups of observation, and then with the
Mann-Whitney U Test (MWU), which is used to compare two
groups of independent observations. The KW test was also
applied to the dataset to investigate how noise annoyance is
related to different age ranges, professional sectors, and number
of people in an office. The relationship between noise annoyance
and gender was instead investigated using the MWU test.

According to question Q8 (see Table 2) related to the
respondents’ perceived noise sensitivity, answers were both
considered overall and also grouped into two clusters. In such
a second case, if an answer was given with rating 1 or 2,
respondents were considered “non-sensitive to noise,” vice
versa if an answer was given with ratings 3-5, respondents
were considered “sensitive to noise.” The dichotomization of
the sample was applied to understand the extent to which the
perception of being sensitive to noise could affect the answers
related to the influence of noise on annoyance, productivity,
mental health, and well-being (see Tables 3, 5). Although an
overall noise sensitivity index could be obtained as an average
among items (Senesi et al., 2012; Aletta et al., 2018), this work
only focused on considering the way in which a participant self-
perceived of being sensitive to noise. The other items from Q9 to
Q12, in fact, were related to features of reaction to noise and were
not accounted for an average. In general, this approach in the data
analysis is based on past studies that have highlighted the need of
including the sensitivity to noise as a factor (Stansfeld et al., 2021).
Furthermore, it allowed exploring the answers given to the
perceived noise annoyance (Q1) considering the sample’s
general characteristics of gender, age range, professional sector,
and city of remote working (see Tables 7, 8), and the number of
people that the respondents shared the working or living
environment with (see Tables 10 and 11). Based on the
aforementioned dichotomization criterion, among the 1934
respondents 1,576 and 358 reported to be sensitive and
nonsensitive to noise, respectively.
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Mean rating
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make noise that keeps me
from falling asleep or
getting work done

FIGURE 1| Mean values of the sample’s noise sensitivity with respect to specific questions. Error bars represent the 95% confidence interval (scores from 1, strong
disagreement, to 5, strong agreement). The dashed black line corresponds to the mode value obtained for each question (i.e., rating 4).
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RESULTS

Figure 1 shows the mean values, with errors whiskers in terms of
95% confidence interval, that workers gave to questions Q8-Q12
related to occupants’ sensitivity, ie., the general reaction of
occupants to noise. As rating 1 was labeled as “strongly
disagree” and rating 5 as “strongly agree,” for questions
Q8-QI11 the higher the mean values, the higher can be
considered the annoyance due to noise. As the mode values
for all these questions consisted in rating 4, it means that
respondents result to be significantly annoyed by noise (Q8)
and to find hard relaxing in a noisy environment (Q9). At the
same time, as far as Q12 is concerned, the mode value consisting
in rating four means that respondents get used to most noises
without difficulties although they perceive of being annoyed
by them.

As far as the types of noise that respondents were immersed in,
the questionnaire aimed at understanding which was the main
noise source during the remote working hours. Figure 2 reports

the percentages of the answers acquired, which are
homogeneously distributed across options based on the remote
working environment in which the activity takes place and
slightly well represents a correspondence between environment
and noise (i.e., the “natural sounds” are reported to be the main
source of noise by those who work from outdoor spaces). As
separate or shared rooms are the principal environments for
remote working, it is interesting that the “anthropic noise
generated by adults” is there reported to be the main noise
source (22 and 30% in separate and shared rooms,
respectively). This outcome, in fact, allows considering such a
source as the main one to be controlled.

Effects of Noise on the Perceived
Annoyance, Productivity, Mental Health,
and Well-Being

Table 4 shows the results of the extent to which respondents were
subjected to noise annoyance (Q1) and the way they perceived an
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TABLE 4 | Mean and mode values of the answers given by sensitive (n = 1,576) to noise respondents on noise annoyance (Q1), work productivity (Q3, Q4, Q5), and mental
health and well-being (Q6) for different typologies of remote working environments, considering. Two-tailed p-values of significance for the differences between across
environments are reported according to the Kruskal Wallis (KW) Test. Specific significant differences (p-value < 0.05) between environments are given as mean values in

italics as a result of the application of the Mann Whitney U Test.

ID Separate Shared Outdoor Other Mix of KW p-value
environments
(n = 857) (n = 682) (n =13) (n =16) (n=8)
Mean Mode Mean Mode Mean Mode Mean Mode Mean Mode

Noise annoyance

Ql 2.19 2.00 2.46 2.00 2.23 2.00 2.25 1.00 2.25 2.00 0.00
Work productivity

Q3 2.33 2.00 2.75 3.00 2.31 2.00 2.44 1.00 2.63 2.00 0.00

Q4 2.33 2.00 2.69 2.00 2.77 2.00 2.25 1.00 2.38 3.00 0.00

Q5 2.28 2.00 2.57 2.00 2.31 2.00 2.06 1.00 2.00 1.00 0.00
Mental health and well-being (interpersonal relationships)

Q6 2.18 1.00 2.49 2.00 2.23 1.00 2.25 2.00 2.25 1.00 0.00

TABLE 5 | Mean and mode values of the answers on noise annoyance (Q1), work productivity (Q3, Q4, Q5), and mental health and well-being (Q6) for different typologies of
remote working environments. Two-tailed p-values of significance for the differences between across environments are reported according to the Kruskal Wallis (KW)
Test. Specific significant differences (p-value < 0.05) between environments are given as mean values in italics as a result of the application of the Mann Whitney U Test.

ID Separate Shared Outdoor Other Mix of KW p-value
environments
(n = 1,055) (n = 833) (n =16) (n =22) (n=8)
Mean Mode Mean Mode Mean Mode Mean Mode Mean Mode

Noise annoyance

Ql 2.09 2.00 2.34 2.00 213 2.00 2.32 1.00 2.25 2.00 0.00
Work productivity

Q3 2.22 2.00 2.61 2.00 2.19 2.00 2.45 1.00 2.63 2.00 0.00

Q4 2.22 1.00 2.53 2.00 2.56 2.00 2.27 1.00 2.38 3.00 0.00

Q5 2.16 1.00 2.43 2.00 2.06 2.00 2.05 1.00 2.00 1.00 0.00
Mental health and well-being (interpersonal relationships)

Q6 2.10 1.00 2.36 2.00 2.13 1.00 2.18 2.00 2.25 1.00 0.00

effect of noise on work productivity (Q3, Q4, and Q5), mental
health, and well-being (Q6). Results are given as mean and mode
values divided per each environment in which respondents
perform their remote working activity. To understand if
answers were significantly different among environments, the
KW test was first applied overall and, whenever it resulted
statistically significant (p-value < 0.05), followed by the MWU
test across couples to have specific insights.

All the investigated aspects (Q1, Q3, Q4, Q5, and Q6) resulted
to have statistically significant differences whenever respondents
performed their remote working activity in a separate or in a
shared room of the living environment. Mean values were higher
in the case of shared room in the living environment, resulting in
a higher degree of perceived noise annoyance, of reduction of
work productivity, and of reduction of harmony in the
interpersonal relationships at home.

As far as the clustering of the sample is concerned, the answers
were also divided per subjective sensitivity to noise (Q8) and the

results are reported in Tables 3, 5 for nonsensitive and sensitive
respondents, respectively. Although the trend is having higher
mean values, thus a higher degree of perceived noise annoyance
and reduction of productivity and well-being when the remote
working activity is performed in a shared environment rather
than in a separate one, only sensitive subjects revealed that such a
difference is statistically significant (p-value < 0.05). Answers
from nonsensitive respondents were statistically significant with a
p-value < 0.10 only in the case of perceived noise annoyance and
feeling of need to interrupt the working activity under noisy
conditions.

Noise Annoyance, Subjective and
Environmental Characteristics

As the main aspect under investigation was related to the
perceived noise annoyance during the remote working activity
in the COVID-19 pandemic, this section reports the answers to
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TABLE 6 | Mean and standard deviation (St.dev.) values of the answers on noise annoyance (Q1) related to gender, age range, professional sector, and remote working city for different types of environment of the overall
sample (n = 1934). Two-tailed p-values of significance of the differences according to the Mann Whitney U (MWU) or Kruskal Wallis (KW) Test are reported. Statistically significant differences with p-values < 0.05 are

reported in bold.

Gender
Female
n
Male
n
MWU p-value

Age range
18-25

26-35
36-50

51-65

n

65+

n

KW p-value

Professional sector
Technical
n
Engineering
n
Management
n
Administration
n
Creative, design and architecture
n
Other
n
Teaching
n
Researcher
n
Sales and public affairs
n
Teaching and researcher
n
Services
n
KW p-value

Remote working city
Northern Italy
n
Central Italy
n

Mean

2.05

2.16

2.42

2.33

218

1.83

1.93

1.84

2.39

1.80

1.83

2.47

2.00

227

2.51

1.79

214

1.88

214

1.85

Separate

665

390
0.05

52

296

268

412

27
0.00

201

307

85

192

74

57

22

51

28

22

16
0.00

865

65

St.dev.

0.92

0.93

0.78

0.97

0.98

0.80

1.14

0.82

0.95

0.84

0.78

1.01

0.93

0.98

0.95

0.92

1.04

0.72

0.92

0.91

Shared Outdoor
Mean St.dev. Mean St.dev.
2.35 0.94 1.90 1.20
440 10
2.34 0.93 2.50 1.05
393 6
0.85 0.22
2.05 0.69 2.00 1.41
20 2
2.38 0.87 2.00 1.41
204 4
2.57 0.99 2.67 1.21
249 6
2.20 0.92 1.50 0.58
353 4
1.86 0.69 - -
7 -
0.00 0.36
2.25 0.96 1.80 0.45
167 5
2.48 0.92 2.50 1.73
176 4
218 0.92 1.00 0.00
72 1
2.31 0.91 2.00 1.41
246 2
2.67 1.04 2.00 1.41
45 2
2.48 0.79 - -
23 -
2.29 1.05 - -
17 -
2.63 0.93 - -
43 -
2.05 0.76 - -
20 -
2.45 0.82 3.00 1.41
11 2
1.62 0.65 - -
13 -
0.00 0.71
2.35 0.92 2.20 1.15
656 15
2.02 0.84 - -
56 -

Mean

2.44

2.23

1.67

2.67

2.31

2.33

2.67

2.50

2.33

2.00

2.00

1.50

217

4.00

Other

18
0.70

13

0.55

0.99

18

St.dev.

1.42

1.48

0.58

1.37

1.60

1.75

2.08

1.52

1.53

0.00

0.00

0.71

1.34

0.00

Mix of environments

Mean

2.00

2.40

2.50

2.20

2.00

2.50

2.50

2.50

2.33

0.57

St.dev.

1.00

0.55

0.71

0.84

0.00

0.71

0.71

0.71

0.52

(Continued on following page)

‘[e 18 1s)1Bnd

BUIMIOAN B10WeY Ul 8ouRAOUUY SSION


https://www.frontiersin.org/journals/built-environment
www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Puglisi et al.

St.dev.
0.00
0.00

2]
= v t
o [
S @
£S g
5T e
.;? E -
z Q G
o £ -
— 2 ]
2> X
[} = c
@ 2| ® S S
Qg ] Q Q
25 = © -
5
Bs
5t
28
L =
2 5 N
S 2 [ ) Q
» - @ S
2> g N ©
< ®
<9
=
s B &
2T & «
ez °
28
e § g9 g
205 o < <
T QL s <o} [aY]
]
-2
S o
o ®
o]
» @
3 8
5
e i s
3= Lol \ S
52 3 °
o =
Q‘;“ 5
o = <]
o T be]
) 3
S 3 (<]
©
Q< <
o
o 2 & + 9
o] -
82 =
=
=3
23
B @
55 .
[} I~ o
== 3 S <
5 < g o
c
o g
°
2 g 3
T C [ =
> = 5
g2
o
T H ~ )
3 ©° 8 ¥ u
S o
c &
O ¢
g 8
o c
)
2 o
C
q = 2 © o
o O o ] @
£ o s o O
=5 an
° = ™
o O E
Q @ —
38 |2 &
I+ @
=~ 8 @
S E
35 § 8§ &
=0 O @Q N
&5 = - o
=
S o
53
& %
T Q
°8 >c 5
T = 2 9]
o ® = =
c c @]
T O =
- [0}
» 2 <
o = 5
(SRS (]
& @
c D
59 5
2
o]
=135
T £
9] c
fec
£ o]
S EQ
S ot
Q v o
S=8
=0 0
o
© Q4
wog
= o
[ E=gyle}
< E 2
= OO |

14
0.00

0.16

0.68

0.21

0.05

KW p-value

Noise Annoyance in Remote Working

the specific question on noise annoyance (Q1) in relationship to
different characteristics of the sample.

Noise Annoyance and Subjective Characteristics

Mean values and standard deviations of the noise annoyance
scores were first analyzed according to the subjective
characteristics of gender, age range, professional sector, and
city of remote working activity. Table 6 reports the results for
the overall sample (1 = 1934), always divided based on the
environment where the remote working activity was mainly
performed. Applying the proper statistical tests of KW and/or
MWU, the main outcomes can be summarized as follows:

e The factor gender does not bring to statistically
significant different results on the perceived noise
annoyance;

e The factor age range brings to statistically significant
differences on the perceived noise annoyance whether the
remote working activity was performed in a separate or in a
shared room of the living environment. In particular,
respondents who worked in a separate room of the living
environment revealed to be annoyed by noise to a greater
extent if they were younger. Statistically significant
differences were found for the age group 18-25 with
respect to 36-50, 51-65, and 65+; then for the age group
26-35 with respect to 36-50, 51-65, and 65+; then for the
age group 36-50 with respect to 51-65. A different trend
was found for respondents who performed their remote
working activity in a shared room of the environment, with
the maximum perception of noise annoyance for the 36-50
age group. In such a case, statistically significant differences
were found for the age group 18-25 with respect to 36-50;
then for the age group 26-35 with respect to 36-50 and
51-65; then for the age group 36-50 with respect to 51-65
and 65+;

e The factor professional sector brings again to statistically
significant differences on the perceived noise annoyance
whether the remote working activity was performed in a
separate or in a shared room of the living environment.
In the first case, i.e., separate room, researchers exhibited
the highest mean value of noise annoyance. As far as the
differences are concerned, people working in the
technical sector gave different answers with respect to
people working in management, administration,
creative/design/architecture sectors; people working in
the engineering sector gave different answers with
respect to people working in management,
administration, creative/design/architecture; people
working in the management sector gave different
answers with respect to people administration. In the
second case, i.e., shared room, workers in the creative,
design, and architecture field reported to be the most
annoyed by noise. Then, specifically, people working in
the technical sector gave different answers with respect
to people working in management; people working in the
engineering sector gave different answers with respect to
people working in management and administration;
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TABLE 7 | Mean and standard deviation (St.dev.) values of the answers given by nonsensitive to noise respondents (n = 358) on noise annoyance (Q1) related to gender, age
range, professional sector, and remote working city for different types of environment. Two-tailed p-values of significance of the differences according to the Mann
Whitney U (MWU) or Kruskal Wallis (KW) Test are reported. Statistically significant differences with p-values < 0.05 are reported in bold.

Gender
Female
n
Male
n
MWU p-value

Age range
18-25
n
26-35
n
36-50
n
51-65
n
65+
n
KW p-value

Professional sector
Technical
n
Engineering
n
Management
n
Administration
n
Creative, design and architecture
n
Other
n
Teaching
n
Researcher
n
Sales and public affairs
n
Teaching and researcher
n
Services
n
KW p-value

Remote working city
Northern ltaly
n
Central Italy
n
Southern ltaly
n
Other
n
KW p-value

Separate Shared Outdoor Other Mix of
environments
Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev.

1.65 0.65 1.89 0.65 1.50 0.71 3.25 1.26 - -
133 87 2 4 -

1.75 0.71 1.77 0.68 2.00 - 1.00 0.00 - -
65 64 1 2 -
0.38 0.24 0.48 0.06 -

1.93 0.62 1.80 0.45 - - - - - -
14 5 - - -

1.77 0.67 1.95 0.71 - - 1.00 - - -
52 41 - 1 -

1.77 0.75 1.96 0.70 2.00 0.00 3.00 0.00 - -
48 46 2 2 -

1.57 0.61 1.66 0.61 1.00 - 2.67 2.08 - -
79 58 1 3 -

1.20 0.45 2.00 - - - - - - -
5 1 - - -
0.06 0.15 0.16 0.40 -

1.56 0.55 1.81 0.75 2.00 - 2.67 2.08 - -
41 31 1 3 -

1.86 0.64 1.85 0.49 2.00 - 1.00 - - -
56 39 1 1 -

1.48 0.60 1.82 0.81 1.00 - 3.00 0.00 - -
21 17 1 2 -

1.56 0.56 1.74 0.67 - - - - - -
36 34 - - -

217 0.98 2.00 0.82 - - - - - -
6 4 - - -

1.61 0.70 213 0.64 - - - - - -
18 8 - - -

1.67 0.58 1.67 - - - - - - -
3 6 - - -

2.00 1.10 2.60 - - - - - - -
6 5 - - -

1.40 0.55 1.67 - - - - - - -
5 3 - - -

2.25 1.50 2.00 = B B B = = =
4 1 - - -

2.00 0.00 1.33 - - - - - - -
2 3 - - -
0.20 0.40 0.37 0.40 -

1.75 0.67 1.90 0.63 2.00 0.00 2.00 1.15 - -
162 118 2 4 -

1.64 0.63 1.40 0.52 - - - - - -
14 10 - - -

1.21 0.42 1.64 0.79 - - 5.00 - - -
19 22 - 1 --

1.67 1.15 3.00 - 1.00 - 2.00 - - -
3 1 1 1 -
0.01 0.01 0.16 0.32 -

people working in the management sector gave different
answers with respect to people administration and

creative/design/architecture;

e The factor remote working city brings to statistically
significant differences on the perceived noise annoyance
whether the remote working activity was performed in a
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TABLE 8 | Mean and standard deviation (St.dev.) values of the answers given by sensitive to noise respondents (1 = 1,576) on noise annoyance (Q1) related to gender, age

range, professional sector, and remote working city for different types of environment. Two-tailed p-values of significance of the differences according to the Mann

Whitney U (MWU) or Kruskal Wallis (KW) Test are reported. Statistically significant differences with p-values < 0.05 are reported in bold.

Gender
Female

Male

n
MWU p-value

Age range
18-25

26-35

36-50

51-65

n
65+

n

KW p-value

Professional sector
Technical

n
Engineering

n
Management
n
Administration

n
Creative, design and architecture

n
Other

n

Teaching

n
Researcher

n
Sales and public affairs
n

Teaching and researcher
n

Services

n

KW p-value

Remote working city
Northern ltaly
n
Central Italy

n
Southemn Italy

Other

KW p-value

Separate Shared Outdoor Other Mix of environments
Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev.
215 0.95 2.47 0.97 2.00 1.31 1.80 1.30 1.00
2.00
532 353 8 5
225 0.95 2.45 0.93 2.60 1.14 2.45 1.51 0.55
2.40
325 329 5 11
0.15 0.79 0.25 0.28
0.51
2.61 0.756 213 0.74 2.00 1.41 - - - -
38 15 2 -
2.45 0.98 2.48 0.87 2.00 1.41 2.00 0.00 0.71
2.50
244 163 4 2
2.27 1.00 2.70 0.99 3.00 1.41 2.50 1.73 0.84
2.20
220 203 4 4
1.90 0.82 2.30 0.94 1.67 0.58 2.20 1.65 -
2.00
333 295 3 10
2.09 1.19 1.83 0.75 - - - - - -
22 6 - -
0.00 0.00 0.49 0.79
0.81
1.91 0.86 2.35 0.98 1.75 0.50 2.00 1.73 0.71
2.50
160 136 4 3
2.51 0.96 2.66 0.93 2.67 2.08 3.50 212
251 137 3 2
1.91 0.89 222 0.94 1.00 - 225 1.89
64 55 1 4
1.89 0.81 241 0.91 3.00 - 2.33 1.63 0.71
2.50
156 212 1 3
2.50 1.01 2.78 1.05 2.00 1.41 - - 0.71
2.50
68 41 2 -
2.18 0.97 2.67 0.82 - - - - - -
39 15 - -
2.37 1.01 2.64 1.12 - - 2.00 - - -
19 11 - 1
2.58 0.92 2.63 0.94 - - 2.00 - 0.71
1.50
45 38 - 1
1.87 0.97 212 0.78 - - - - - -
23 17 - -
2.1 0.96 2.50 0.85 3.00 1.41 1.50 0.71 - -
18 10 2 2
1.86 0.77 1.70 0.68 - - - - - -
14 10 - -
0.00 0.00 0.59 0.86
0.44
2.23 0.95 2.45 0.94 2.23 1.24 2.21 1.42 0.562
2.33
703 538 13 14
1.90 0.96 2.15 0.84 - - 4.00 - - -
51 46 - 1
2.00 0.98 2.67 1.04 - - 1.00 - -
3.00
92 92 - 1
2.36 0.81 217 0.41 - - - - -
1.00
11 6 - -
0.00 0.03 NA 0.29
0.16
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TABLE 9 | Mean and standard deviation (St.dev.) values of the answers on noise annoyance (Q1) related to the number of people in the remote working environment and in
the overall living environment, considering the overall sample (n = 1934). Two-tailed p-values of significance of the differences according to the Kruskal Wallis (KW) Test

are reported. Statistically significant differences with p-values < 0.05 are reported in bold.

Separate Shared Outdoor Other Mix of
environments
Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev.
Number of people in the remote working 0 2.04 0.92 1.94 0.83 1.86 1.07 1.83 1.11 1.67 0.58
environment (yourself excluded) n 843 235 7 12 3
1-2 2.29 0.92 2.44 0.89 2.29 1.38 2.33 1.75 2.60 0.55
n 190 535 7 6 5
3-4 2.63 0.96 3.08 1.10 2.50 0.71 3.33 0.58 - -
n 19 61 2 3 -
5+ 1.67 0.58 2.00 0.00 - - 5.00 0.00 - -
n 3 2 - 1 -
KW p-value 0.00 0.00 0.51 0.11 0.07
Number of people in the overall living environment 0 1.97 0.95 1.96 0.87 1.00 0.00 1.50 0.53 2.00 0.00
(yourself excluded) n 176 94 2 10 2
1-2 2.07 0.89 2.31 0.91 217 0.98 2.33 2.31 2.00 1.00
n 563 486 6 3 3
3-4 2.19 0.95 2.54 0.96 2.38 1.30 3.38 1.41 2.67 0.58
n 294 234 8 8 3
5+ 2.59 1.14 2.74 0.87 - - 2.00 0.00 - -
n 22 19 - 1 -
KW p-value 0.01 0.00 0.18 0.07 0.42

separate or in a shared room of the living environment.
For people working in a separate room, being in northern
Italy brought to a greater higher degree of perceived
noise annoyance with respect to central and southern
Italy respondents. For people working in shared rooms,
statistically significant differences were found for
northern vs. central Italy and for central vs. southern
Italy.

Sensitive and Nonsensitive to Noise Subjects

Considering the clustered sample, mean values and standard
deviations of the noise annoyance scores were then analyzed for
respondents who revealed to be nonsensitive (n = 358, Table 7) or
sensitive (n = 1,576, Table 8) to noise. In both the cases, the factor
gender did not bring to statistically significant differences, when the
remote working activity was performed neither in a separate nor in
a shared room of the living environment.

Then, in the case of nonsensitive to noise respondents (n =
358, Table 7), the smaller number of cases considered did not lead
to statistically significant differences on perceived noise
annoyance for the factors age range and professional sector
too. The factor remote working city showed differences for
northern and southern Italy, and for northern and central and
southern Italy whether the respondent used to work in a separate
or shared room of the living environment, respectively.

In the case of sensitive to noise respondents (n = 1,576,
Table 8), the main outcomes can be summarized as follows:

e The same results in terms of significant differences outlined
for the overall sample were found for the factor age range. In
particular, statistically significant differences on the
perceived noise annoyance were found whether the

remote working activity was performed in a separate or a
shared room of the living environment;

The factor professional sector revealed some slight
differences. Overall, in the case of people working in a
separate room, researchers exhibited the highest mean value
of noise annoyance. Then, people working in the technical
sector gave different answers with respect to people working
in engineering, creative/design/architecture, teaching, and
research sectors; people working in the engineering sector
gave different answers with respect to people working in
management, administration, other, sales and public affairs,
services; people working in the management sector gave
different answers with respect to people working in creative/
design/architecture, research; people working in the
administration sector gave different answers with respect
to people working in creative/design/architecture, teaching,
research; people working in the creative/design/architecture
sector gave different answers with respect to people working
in sales and public affairs, services; people working in other
sectors gave different answers with respect to people
working in research; people working in the research
sector gave different answers with respect to people
working in sales and public affairs, teaching and research,
services. For people working in a shared room, workers in
the creative, design, and architecture field reported to be the
most annoyed by noise. Then, people working in the
technical sector gave different answers with respect to
people working in engineering and services; people
working in engineering gave different answers with
respect to people working in management,
administration, sales and public affairs, services; people
working in the management sector gave different answers
with respect to people working in creative/design/
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TABLE 10| Mean and standard deviation (St.dev.) values of the answers given by nonsensitive to noise respondents (n = 358) on noise annoyance (Q1) related to the number
of people in the remote working environment and in the overall living environment. Two-tailed p-values of significance of the differences according to the Kruskal Wallis
(KW) Test are reported. Statistically significant differences with p-values < 0.05 are reported in bold.

Number of people in the remote working environment

(yourself excluded)

Number of people in the overall living environment

(yourself excluded)

KW p-value

Separate Shared Outdoor Other Mix of
environments
Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev.

1.66 0.64 1.69 0.62 1.00 - 1.50 0.71 - -
160 48 1 2 -

1.71 0.67 1.86 0.62 2.00 - 1.00 - - -
35 93 1 1 -

3.00 1.00 2.30 1.06 2.00 - 3.00 0.00 - -
3 10 1 2 -

- - - - - - 5.00 - - -
- - - 9 -
0.04 0.10 0.37 0.20 -

1.58 0.71 1.88 0.62 1.00 - 1.00 - - -
48 16 1 1 -

1.67 0.64 1.78 0.64 2.00 - - - - -
100 88 1 - -

1.80 0.68 1.86 0.68 2.00 - 2.80 1.48 - -
46 42 1 5 -

2.00 0.82 2.40 1.14 - - - - - -
4 5 - - -
0.24 0.50 0.37 0.23 -

TABLE 11 | Mean and standard deviation (St.dev.) values of the answers given by sensitive to noise respondents (n = 1,576) on noise annoyance (Q1) related to the number
of people in the remote working environment and in the overall living environment. Two-tailed p-values of significance of the differences according to the Kruskal Wallis
(KW) Test are reported. Statistically significant differences with p-values < 0.05 are reported in bold.

Number of people in the remote working environment

(yourself excluded)

Number of people in the overall living environment

(yourself excluded)

KW p-value

Separate Shared Outdoor Other Mix of
environments

Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev. Mean St.dev.

2.13 0.95 2.01 0.86 2.00 1.10 1.90 1.20 1.67 0.58
683 187 6 10 3

2.43 0.92 2.56 0.89 2.33 1.51 2.60 1.82 2.60 0.55
155 442 6 5 5

2.56 0.96 3.24 1.05 3.00 - 4.00 - - -
16 51 1 1 -

1.67 0.58 2.00 0.00 - - - - - -
3 2 - - -
0.00 111111110.00  0.58 0.44 0.07

211 0.99 1.97 0.91 1.00 - 1.56 0.53 2.00 0.00
128 78 1 9 2

2.15 0.92 2.42 0.92 2.20 1.10 2.33 2.31 2.00 1.00
463 398 5 3 3

2.26 0.97 2.69 0.95 2.43 1.40 4.33 0.58 2.67 0.58
248 192 7 3 3

2.72 1.18 2.86 0.77 - - 2.00 - - -
18 14 - 1 -

0.07 0.00 0.44 0.10 0.42

architecture, research; people working in the services sector
gave different answers with respect to people working in
technical, engineering, administration, creative/design/

architecture, other, research;

o The factor remote working city brings once more to statistically
significant differences on the perceived noise annoyance
whether the remote working activity was performed in a
separate or in a shared room of the living environment.

Indeed, the same results in terms of significant differences
outlined for the overall sample were found.

Noise Annoyance and Number of People in the

Environment
As a second goal of the data analysis, mean values and standard
deviations of the noise annoyance scores were then analyzed
according to the number of people who were present either in the
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FIGURE 3| Percentages of the subjective ratings of the effects of noise in the different remote working environments on mental health and well-being (i.e., feelings

and symptoms).
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FIGURE 4 | Percentages of the subjective ratings of the effects of noise in the different remote working environments on occupants’ behavior (i.e., strategies to

cope with noise).
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same room of remote working or in the overall living
environment. Table 9 reports the results for the overall
sample. Overall, the greater was the number of people in the
working environment or in the general living environment, the
greater was the perceived noise annoyance.

Considering the factor of number of people in the remote
working environment, statistically significant differences in the
case of separate room for 0 and 1-2, 3-4 groups, and in the case of
shared room for 0 and 1-2, 3-4 groups, and for 1-2 and 3-4
groups. As far as the number of people in the overall living
environment is concerned, statistically significant differences in
the case of separate room for 0 and 3-4, 5 + groups, and for 1-2
and 5 + groups, and in the case of shared room for 0 and 1-2, 3-4,
5 + groups, and for 1-2 and 3-4, 5 + groups.

Sensitive and Nonsensitive to Noise Subjects
Similarly, also for the number of people in the environments the
sample was split based on the respondents’ sensitivity to noise.

In the case of nonsensitive to noise respondents (n = 358,
Table 10), consider the factor of number of people in the remote
working environment, statistically significant differences in the
case of separate room for 0 and 3-4 groups, and 1-2 and 3-4
groups. As far as the number of people in the overall living
environment is concerned, no statistically significant differences
among groups were found.

In the case of sensitive to noise respondents (n = 1,576,
Table 11), consider the factor of number of people in the
remote  working environment, statistically  significant
differences in the case of separate room for 0 and 1-2 groups,
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and 1-2 and 3-4 groups, and in the case of shared room for 0 and
1-2, 3-4 groups. As far as the number of people in the overall
living is concerned, statistically significant
differences in the case of shared room for 0 and 5 + groups,
and for 1-2 and 5 + groups.

environment

Occupants’ Behavior

Questions Q2 and Q7 were designed to understand the perceived
mental health well-being, in terms of symptoms generated by
noise annoyance, and the actions that respondents were willing to
make to reduce annoyance, respectively.

Figure 3 shows that, overall, remote workers either do not
complain about noise and report of not feeling symptoms (39.9%
of the respondents) or complain about feeling a loss of
concentration (35.3%). Symptoms related to mental illness
(i.e., stress) and emotional/social feelings (i.e., negative feeling
such as feeling displeased, negative feelings toward other
housemates, anger, loss of motivation) are reported by only
workers who perform remote working activity in a separate or
shared room (less than 10% of respondents anyway) and, in the
first case, in outdoor spaces (12.5% of respondents).

Figure 4 reports the main strategy used to reduce the annoyance
resulting from noise during remote working activity. Less than 23% of
the respondents does not adopt any strategy to this aim, and on
average the 14 and 12% of respondents either use technological tools
to mask or cancel noise (e.g., wearing headphones) or ask people to
reduce their voice, respectively. The majority of respondents (47.6%)
reported to use adaptive behaviors to actively solve the problem of
noise annoyance in the working hours. In particular, the main
strategies adopted were related to take a break, change room/
environment, switch between working tasks, or interact with the
environment by opening/closing the windows to change the
environment’s soundscape.

DISCUSSION

Several studies carried out before and during the pandemic period of
COVID-19 revealed a significant decrease in outdoor measured noise
levels, as strong measures such as the “stay at home” strategy were
taken by the National Governments to limit the spreading of the
infection. Aletta et al. (2020a) measured a decrease by about 65% of
the use of vehicles in a study on noise mapping in Rome (IT) during
the pandemic period. Bartalucci et al. (2020), on a weekly basis,
assessed a reduction up to 10 dB in terms of L4, during a long-term
monitoring of traffic noise in Monza (IT). An average decrease in Ly,
by 5dB was reported by Hornberg et al. (2021), who reviewed a
number of studies related to noise level decreases during and after the
pandemic period. In a study by the Soundscape and noise observatory
of Greater Lyon (Acoucité, 2020), 21 monitoring stations spread in
five French cities measured outdoor noise before and during the
lockdown period due to the pandemic, revealing a reduction in Ly, by
up 6 dB in the weekdays and up to 9 dB in the weekends. At the same
time, this latter study also investigated on the dwellers’ perception of
the sound environment during the lockdown: they gave more positive
attributes to their impression, such as “calm,” “pleasant,” “peaceful,”
and thus revealed a link between the soundscape perception and

» «

Noise Annoyance in Remote Working

composition. As before the pandemic period traffic noise was typically
predominant in the cities, during the lockdown the hierarchy of sound
sources has been reversed allowing for more anthropic sounds to be
heard (Aletta et al., 2020b; Sakagami, 2020). Furthermore, Manzano
et al. (2021) report a significant shift from human-generated (e.g.,
traffic) and anthropic sourcers to animal and natural sources. Sentop
Diimen and Saher (2020) stressed the negative effect of anthropic
sounds as they observed, from the outcomes of an online survey
administered in Turkey to 1,053 subjects, that annoyance from noise
generated by neighbors did not change significantly before and during
the pandemic period, whereas annoyance from noise generated by
dwellers significicantly increased. These studies corroborate at several
levels the findings of the present study, as the categories of sources
related to “anthropic noise,” “natural sounds,” and “neighborhood
sounds” were the most perceived at home during the remote working
hours. On the contrary, “traffic noise” and “sirens” were reported to be
the predominantly perceived noise source by less than 15% of
respondents on average.

As the soundscape of remote working environments, which
correspond to living environments from the spreading of
COVID-19 pandemic, has profoundly changed in the last year, it
is necessary to account for the new main sound sources perceived to
provide an effective home design. In light of this, noise control
should not be the only approach, but should be integrated with a
perceptual and multisensory perspective as suggested by Torresin
et al. (2020Db), also considering participatory design practices that
account for the dweller/worker premises to enable the complex
building-user interrelations.

Perceived Noise Annoyance, Productivity,
Mental Health, and Well-Being

To the authors’ knowledge, only few studies investigated the
problem of noise annoyance under a remote working setting.
However, it is possible to make a comparison with the outcomes
from studies related to noise annoyance in offices as in both
settings the predominantly perceived noise source was found to
be of anthropic nature.

Overall, remote workers were most annoyed by noise (Q1)
when they performed their working activity in a shared space of
the house than in a separate environment. This outcome was
confirmed also splitting the sample based on their sensitivity to
noise (Q8), and corroborated studies in which noise annoyance
was assessed as higher in shared and larger offices than in smaller
ones (Danielsson, 2005; Di Blasio et al., 2019).

As far as the perception of productivity is concerned, workers
who performed activity in shared environments of the house
reported a higher sense of loss. In summary, they perceived more
that noise interrupts them during the remote working activity,
does not allow them to work as much as they would, and reduces
their working performance. Again, this outcome confirms past
works by Di Blasio et al. (2019) and is similar to what Kaarlela-
Tuomaala et al. (2009) found in relation to the perceived feeling
of wasting time and loose productivity when changing workspace
from a private to an open-plan office.

In relation to mental health and well-being perception, the
questionnaire distinguished queries on the base of issues related
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to feelings and symptoms (Q2) and interpersonal relationships
(Q6). As far as symptoms are concerned, despite that about an
average 40% of respondents reported to have no experience of
feelings/symptoms related to noise during the remote working
hours, the main consequence of noise indicated by
approximately 35% of respondents, on average, was a loss of
concentration. This outcome is in agreement with other studies
that highlighted a significant increase in deconcentration
during the working hours (Banbury and Berry, 2005;
Kaarlela-Tuomaala et al., 2009; Di Blasio et al., 2019) and
getting even worse as the office size increased itself

(Pejtersen et al., 2006). As far as the interpersonal
relationships are concerned, workers from shared
environments in the house reported a sense of
compromising the harmony at home to a statistically
significant greater extent than workers from separate
environments. These findings are in agreement with

Brennan et al. (2002) and Di Blasio et al. (2019), who
reported difficulties and less satisfaction in co-worker
relationships more when they worked in open-plan and
large offices than in shared, private, and small ones.

Noise Annoyance, Subjective and

Environmental Characteristics

No differences in noise annoyance were found with respect to
gender, as both male and female respondents gave, on average,
not statistically significantly different ratings to the question on
noise annoyance (Q1l) under the different remote working
settings (i.e, separate, shared, outdoor, other, mix of
environments). This result is coherent with the findings of Di
Blasio et al. (2019) who did not assess any statistically significant
difference in gender when analyzing noise annoyance in shared
rooms, to which the remote working settings of separate or shared
environments at home can be compared.

As far as the analysis of age-range in relation to noise
annoyance is concerned, working in a separate environment of
the house was related to a higher degree of perceived noise
annoyance for younger respondents. Working in a shared
environment, instead, was related to the highest higher
degree of perceived noise annoyance in the 36-50 years of
age range. These outcomes seem to be in contradiction to
other studies, in which a dependency of annoyance and age
was assessed with elder workers being more annoyed by noise
than younger (Pierrette et al., 2015; Di Blasio et al., 2019).
However, the difference in the results can be due to the
different sizes of the participant samples considered in the
studies and also to the fact that the working environment is not
exactly the same, so some comparisons can be done but not all the
results can be matched between situations. Indeed, the outcome of the
present study related to noise annoyance for workers in shared
environments of the house, which revealed a greater annoyance in
subjects of 36-50 years, corresponds to a situation in which the
number of people and even of children in the whole home is
higher, thus noise annoyance can depend on other psychological
aspects too (e.g., the need of answering to the other premises and a
major request to switch between cognitive and practical tasks).

Noise Annoyance in Remote Working

Furthermore, this outcome is in agreement with Van Gerven et al.
(2009) who found middle-aged subjects—peaking around 45 years of
age—to be the most annoyed by noise in a transversal study across all
the lifespan, regardless of the noise exposure level and of the
individually perceived noise sensitivity.

The professional sector to which respondents belonged to
revealed differences, again, when workers performed the remote
activity in separate or shared environments of the house. In
particular, “researchers” and workers in the field of “creative,
design and architecture” were mostly annoyed by noise in
separate and shared environments, respectively. Overall, it is
not possible to establish a comparison with other studies, as
different work categories were either used or group sizes were
available. Therefore, future works should establish more similar
categories related to the professional sector, maybe introducing a
clustering related to the predominant cognitive task carried out.
As an example, anthropic noise was found to annoy workers
performing mathematical tasks by Logie and Baddeley (1987).
Associating, for instance, engineers and technicians with such a
cognitive task could help in finding more evident trends.

In relation to the location of the cities where remote working was
performed, respondents from northern Italy were most annoyed by
noise if they worked from a separate environment of the house. On
the opposite, when considering a shared environment of the house,
workers were most annoyed by noise if they were in southern Italy.
This outcome needs to be deepened, maybe performing a repeated
assessment via questionnaire in different periods of the year to
understand if weather issues influence this answer or if such
perception is recurrent based on location.

Last, considering the number of people in the working
environment and in the overall living environment, the same
significant trend was found, as expected: the more people were
present either in the environment or in the whole house, the more
respondents were annoyed by noise.

Occupants’ Behavior

It is worth giving an insight into the outcomes related to the
potential involvement of occupants to increase well-being and
reduce noise annoyance under remote working settings. To this
aim, Q7 was designed to understand whether a worker had an
inclination to activate personal strategies to reduce noise
annoyance. Less than one-fifth of the respondents do not
adopt any strategy. The 14% of respondents use technological
tools to mask or cancel noise (e.g., wearing headphones), whereas
the 12% of respondents actively ask other mates to reduce their
voice level to keep high focus on the working task. The majority of
responses was interestingly concentrated on “use adaptive
behaviors” to find the most adequate soundscape to perform
working (e.g., change room, switch between working tasks,
interact with the environment to change its soundscape);
therefore, remote workers are interested in being active part of
the occupant-environment relationship to solve a problem and
increase the sense of well-being in it. A similar result was obtained
by Di Blasio et al. (2019) who found that workers from shared
offices, which are almost comparable for size and occupation to
the shared environments of the house, reported to adopt active
strategies to reduce noise annoyance.
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STRENGTHS AND LIMITATIONS OF THE
STUDY

A strength related to the present work is its capability of giving
insights on a real condition in which a great portion of workers is
asked to perform nowadays. Literature has focused on the
understanding of the perception of the physical office
environment in terms of air quality, thermal, visual, and
acoustic comfort, even providing practitioners and researchers
with important information on how to optimize the offices’
design. This emergency, however, gives a good opportunity to
ameliorate the design of indoor environments too, both in terms
of sound insulation of buildings (Andargie et al., 2021) and in
terms of indoor soundscapes, to support both living and working
premises. In light of this latter aspect, there are very recent studies
such as the one of Torresin et al. (2020a) that define some initial
discussions that can be integrated with the present outcomes to
build a perceptual, multisensory, and well-being-oriented design
paradigm.

A main drawback of the study is related to the adoption of a
negative connotation of noise as a criterion at the base of the
questionnaire. The reason for this was related to the willing of
extending outcomes from a similar study and to making the
obtained ones as comparable as possible with the literature
available. In the next future, however, a shift in the paradigm to
an approach oriented on the indoor soundscape assessment will be
foreseen, in order to account for the positive effects of the sound
environment on the working activity as well as on perceived well-
being. Then, another limitation of the present work relates to the
little possibility of comparing its outcomes with other similar
studies, as the unique condition related to the COVID-19
pandemic has taken workers to change their everyday life in a
fast way and like never in history. Therefore, the main comparisons
of the present study concern outcomes from investigations on
offices and thus differences can still be found, or some results are
difficult to be explained in depth. To this aim, it would be
interesting to perform further investigations applying the same
methodology that relies on online questionnaires provision to 1)
increase the database of responses, 2) corroborate obtained
outcomes, and 3) understand possible further changes in the
occupants’ subjective perception and behavior during a remote
working setting that follows the emergency of one of the first
pandemic periods in March-May 2020.

CONCLUSION

The aim of the present study was twofold: 1) to investigate on the
effects of noise on the perceived annoyance, productivity, mental
health, and well-being; and 2) to assess the relationship between
noise annoyance, subjective and environmental characteristics.
To this aim an online questionnaire has been administered to
more than 1,934 people.

Although some of the outcomes of the present work could be
expected, it is worth putting in light some aspects that should be
taken into account to the aim of supporting a holistic design of
home environments that are, nowadays, no longer only living

Noise Annoyance in Remote Working

but also working spaces. Indeed, as remote working seems to
persist in time, results will contribute to understand the extent
to which working from home can be supported by the indoor
soundscape.

First, noise annoyance affects work productivity, mental
health, and well-being not only in office settings but also in
remote working settings, that is, when workers perform their
activity from home. In particular, sharing a room—regardless of
its dimensions—brings to a higher degree of perceived noise
annoyance with respect to working from a separate environment
in the house. Having a positive soundscape at home is thus a
growing need to support several premises in one’s everyday life.

Second, subjective characteristics must be taken into account
when investigating the extent to which noise annoys the working
activity from home. Different outcomes, in fact, were found in
relation to the location of the city of remote working, as well as
in relation to the age of the respondents. Further studies should better
categorize respondents based on the typology of the performed
working tasks (e.g., linguistic’/humanistic, mathematical, technical)
rather than on their specific professional sector to have a more robust
clustering of the acquired data.

Third, a design approach—or practical
suggestions—introducing proper spaces to be used during the
remote working hours is necessary. This can be done, where
possible, designing separate rooms in the house to this aim.
However, when this is not possible, it would be worth
integrating specific sound shields to give a greater separation
of the workstation from the rest of the shared environment.

Fourth, occupant’s behavior and attitude should be considered to
define the ability of a built environment typically used for living, to
support the intense and prolonged working activity too. This study
highlighted the active behavior that workers adopt to ameliorate the
soundscape of their remote working environment. The
abovementioned brand-new design approach should then be
supported through an integrated participatory practice that actively
engages workers.
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