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Indoor soundscape in primary school classrooms®

Chiara Visentin,"®® ) Simone Torresin,>? () Matteo Pellegatti,’® and Nicola Prodi’
'Department of Engineering, University of Ferrara, Via Saragat 1, 44122 Ferrara, Italy
2Institute for Renewable Energy, Eurac Research, Via A. VoltalA. Volta Strafe 13/A, 39100 Bolzano-Bozen, Italy

ABSTRACT:

Soundscape research on indoor environments is emerging as a topic to be addressed for the design of supportive,
healthier, and more comfortable spaces. Only a few studies so far addressed the context of educational buildings,
mainly focusing on high schools and universities. This pilot study uses questionnaires based on pictorial scales to
investigate the indoor soundscape of classrooms for primary school children (n=130; 8-10 years old). Perceived
loudness and the affective dimensions of pleasantness and arousal were explored. Besides the actual soundscape, the
children’s ideal soundscape was investigated as well. The results of the study indicate that the most frequent sounds
in classrooms are generated by the students themselves (voices, movements) followed by the traffic. The urban
context of the school modulates the children’s perception when windows are open to ensure natural ventilation.
Pleasantness is associated with students’ age, perceived loudness, and frequency of children’s voices in nearby
classrooms. The frequency of hearing indoor sounds (children’s voices) and sirens affects students’ arousal. Our
results indicate that children at school are mostly exposed to unpleasant sounds, whereas their preferred ones are
music and nature-related ones. The findings have implications for the design of positive and inclusive learning envi-

ronments. © 2023 Acoustical Society of America. https://doi.org/10.1121/10.0020833
(Received 3 April 2023; revised 10 August 2023; accepted 14 August 2023; published online 20 September 2023)

[Editor: Cynthia Tarlao]

I. INTRODUCTION

Students spend about 5.5 hrs/day at school (OECD,
2019), learning in their classrooms. This time at school is of
critical importance for the acquisition of new knowledge
and skills, as well as for the children’s social and emotional
development, and well-being. Indeed, the school climate
shapes the quality of the interactions between the students
and the teachers and is predictive of the students’ outcomes
across the academic, behavioral, and psychological domains
(Wang and Degol, 2016). The concept of school climate is
multidimensional and includes the domains of academic cli-
mate (i.e., how teaching and learning are promoted in the
school), community (i.e., interactions among people in the
school), safety, and institutional environment (i.e., the phys-
ical and sensory qualities of the learning space—indoor
environmental quality, among the others). Concerning the
latter, four main aspects concur to the environmental quality
of an indoor space: acoustical, thermal, indoor air, and
visual quality; with acoustics, smells, and lighting playing a
crucial role in determining the students’ perception of the
school performance. For instance, Bluyssen ef al. (2018)
report that among children 8—12 years old evaluating health
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and comfort in their classrooms, 87% were bothered by
noise, 63% by smells, 42% by sunlight when shining, 35%
didn’t like the temperature in the classroom (too cold or too
warm), and 34% experienced temperature changes.

It is long known that learning in classrooms with chal-
lenging acoustic conditions (high background noise levels
and/or too long reverberation) results in lower perceived
well-being and happiness (Astolfi et al., 2019), a decrease in
concentration, an increase in annoyance (Massonnié et al.,
2022a), an increase in effort (Prodi and Visentin, 2015;
2022) with cascading effects on performance of the task at
hand (Prodi et al., 2021), development of cognitive skills
(Klatte et al., 2013), and longer-term learning and academic
achievements (Clark and Paunovic, 2018; Thompson et al.,
2022). Additionally, exposure to background noise alters the
linguistic patterns of students, hindering complex conversa-
tional interaction and collaborative learning (McKellin
et al., 2011), and influences the students’ behavior
(D’Orazio et al., 2020). The effect is so large that the World
Health Organization has included cognitive impairment as a
critical health outcome of environmental noise exposure for
children (WHO, 2018). On these premises, standards and
technical norms have been issued (Mealings, 2016) whose
aim is to reduce noise as much as possible inside the class-
rooms and to ensure good speech production/reception by
controlling relevant acoustic parameters (e.g., reverberation
time, clarity of speech C50, signal-to-noise ratio SNR).

However, by considering sounds merely as environmen-
tal stressors that have to be removed to create spaces condu-
cive to learning, we are overlooking the possibility that
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some sounds in the classroom might be actually “wanted”
by the students and contribute to creating a positive school
climate, similar to what has been argued recently in the litera-
ture on the role and potential of sounds of preference on occu-
pants of residential buildings (Torresin et al., 2019b). For
instance, nature-related sounds (water streams and birds chirp-
ing, in particular) were found to have a beneficial effect on
students, promoting restoration and ensuing cognitive perfor-
mance (Shu and Ma, 2019; Pellegatti et al., 2023). More gen-
erally, there is increasing consensus on the need to move from
a building-centered to a human-centered approach in the
acoustic design of indoor spaces, in general (Torresin et al.,
2020b), and learning spaces, in particular (Lauria et al.,
2020). This kind of approach would take into account the stu-
dents’ preferences and needs as regards the classroom sound
environment (Hamida et al., 2023), aiming to achieve posi-
tively perceived indoor environments (Torresin et al., 2019a),
and consequently, promote well-being in its most comprehen-
sive definition (cognitive, physical, psychological, and social;
OECD, 2019).

Soundscape is defined by the ISO 12913-1 standard
(ISO12913-1, 2014) as the “acoustic environment as per-
ceived and/or understood by a person or people in context.”
The context is intended as the interrelation between the per-
son, the activity, and the place, meaning that depending on
the task at hand and the physical space, people will perceive,
and thus, interpret and react to the sound environment dif-
ferently. Therefore, instead of focusing only on the physical
sound levels, soundscape considers the sound environment
as a resource to be exploited in relation to its positive and
restorative effects on human health and well-being
(Axelsson et al., 2010). Soundscape studies have been tradi-
tionally focused on outdoor environments. For these scenar-
ios, a circumplex model based on the principal dimensions
of pleasantness and eventfulness has been proposed
(Axelsson et al., 2010) and standardized (ISO 12913-3,
2019), enabling the comparison of results from different
studies, locations, and design interventions (Cain et al.,
2013; Mitchell et al., 2022). On the contrary, soundscape
research on indoor environments is still limited, but increas-
ingly emerging as a topic to be addressed for the design of
healthier and more comfortable indoor spaces (Torresin
et al., 2020b; Aletta and Astolfi, 2018). Dokmeci and Kang
(2010) proposed an indoor soundscaping framework based
on three main variables (sound environment, built entity,
contextual experience) that, compared to the outdoor sound-
scape, highlights the additional role of the “architectural”
part with its related factors (function, spatial organization,
and indoor environment) in the perceptual assessment of
confined spaces. Attempts have been made to analyze
soundscapes in context for various environments, such as
historical spaces (Acun and Yilmazer, 2019), open-plan offi-
ces (Jo and Jeon, 2022), and residential buildings (Torresin
et al., 2020a; Torresin et al., 2023). For the latter context, a
principal component model was proposed, based on the per-
ceptual constructs of comfort and content (Torresin et al.,
2020a; Torresin et al., 2021; Torresin et al., 2022a).
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Only a few indoor soundscape studies (eight, according
to the recent review by Hamida et al., 2023) addressed the
context of educational buildings, concerning university
libraries (Dokmeci Yorukoglu and Kang, 2016; Xiao and
Aletta, 2016), classrooms and computer laboratories in high
schools (Cankaya Topak and Yilmazer, 2022; Chan et al.,
2021), and the home environment when studying from home
during the COVID-19 pandemic (Dzhambov et al., 2021).
These studies focused on high school and university stu-
dents, used a variety of soundscape descriptors (e.g., annoy-
ance, pleasantness, sound preferences, acoustic comfort;
Aletta et al., 2016), and consistently showed that the stu-
dents’ auditory perception is mostly linked to the context
(type of lesson, or task at hand). Even less information is
available for younger students, despite the greater impor-
tance of the acoustic environment of learning spaces for
them compared to older students and adults, given their still-
developing cognitive skills. Questionnaires were used to
investigate the perception of the school environment for pri-
mary school students (Brannstrom et al., 2017; Dockrell and
Shield, 2004) and preschool children’s reactions and coping
strategies to noisy school environments (4-5 years old;
Persson Waye et al., 2013). Ma et al. (2022) characterized
the soundscape perception of preschool children, but, to the
best of the authors” knowledge, no study addressed the topic
of primary-school classroom acoustics by using a sound-
scape approach.

It is worth noticing that whereas standardized tools for
assessing outdoor (and indoor) soundscape have been devel-
oped and primarily used with adults, standardized data collec-
tion methods are not available when evaluating soundscape
from a child’s perspective. Methods employed in the literature
to assess children’s perception of the acoustic environment
are structured interviews and focus groups, followed by quali-
tative content analysis (Dellve et al., 2013; McAllister et al.,
2019), or questionnaires, most often using non-verbal rating
systems to overcome the children’s limited linguistic skills
(Shu and Ma, 2019; Persson Waye et al., 2013; Estévez-
Mauriz et al., 2020; McManis et al., 2001). Moreover, it is
not clear whether the indoor soundscape perception model
recently developed for residential buildings and adults
(Torresin et al., 2020a) can be directly applied to a different
indoor space and context, and young children, in particular.
Indeed, if adults respond affectively to the environment,
according to the two dimensions of valence and arousal, chil-
dren tend to describe emotions primarily in terms of valence
(Posner et al., 2005). Given that adults are not used to com-
municating about sounds as about visual aspects, as they have
a limited sound-related vocabulary (Dubois, 2000;
Guastavino, 2007; Davies et al., 2013), it might be that chil-
dren have less cognitive capacity to understand environmental
stressors (Stansfeld ez al., 2000) and report on affective states
(Posner et al., 2005), together with an even more limited
vocabulary. It is thus fundamental to use concepts and dimen-
sions that match children’s own vocabulary.

In summary, a few attempts have been made to apply
the soundscape concept to the indoor environment of
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learning spaces. Studies were conducted for older students
(> 14 years old), using a variety of perceptual attributes and
dimensions. This work is a pilot study to investigate the
indoor soundscape of classrooms for primary school stu-
dents. A non-verbal instrument developed to study the emo-
tional response to a wide range of perceptual and symbolic
stimuli, such as pictures or sounds (Bradley and Lang,
1994), was used in the experiment. The assessment is based
on three factors: valence (perceived pleasantness), arousal
(level of excitement arising from the stimulus), and domi-
nance (the ability of the stimulus to capture attention).
Although the arousal dimension is not as pronounced in chil-
dren as in adults, it was maintained because arousal and mood
might represent pathways that link sound stimuli to perfor-
mance outcomes (as in the case of the “Mozart effect”;
Thompson et al., 2001). A pictorial scale [five or nine figures;
Self-Assessment Manikin (SAM)] is available for each dimen-
sion, with facial expressions or body reactions used to repre-
sent the emotion. In addition to assessing the “actual
soundscape” (i.e., the sound environment that children experi-
ence in real life in classrooms), this study aimed to explore the
characteristics of the “ideal soundscape” (i.e., the sounds that
children would like to hear in the optimal sound scenario;
Guastavino, 2006; Torresin et al., 2022b). Indeed, to under-
stand whether and how preferred sounds may impact students’
well-being and cognitive performance, it is necessary to char-
acterize what the ideal soundscape is in students’ minds.

The research questions addressed in the study were as
follows:

1) How do primary school children perceive the sound
environment of their classroom, according to the
three perceptual dimensions of perceived loudness,
pleasantness, and arousal?

(ii))  What are the factors (person-related, acoustic, per-
ceptual acoustic) influencing the dimensions of pleas-
antness and arousal for children in their classrooms?

(iii))  What are the sounds composing the ideal soundscape
of a classroom, according to the children themselves?

Il. MATERIALS AND METHODS
A. Questionnaires

The questionnaire was designed to evaluate children’s
subjective perception of the actual sound environment of
their classroom and investigate their ideal soundscape. It
was implemented in Google Forms (https://www.google.
com//forms/about/) and completed online using tablets.
Only closed-ended questions were included. The children
responded to the questionnaire in their classrooms, during a
1-hr session in the morning school hours, under the supervi-
sion of their teacher and two researchers who provided help
and clarifications in case of need.

The questionnaire consisted of four sections (see sup-
plementary material for the detailed questions).' The first
section included four items to collect demographic informa-
tion (gender, age, language spoken at home, and placement
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in the classroom). Moreover, it assessed the noise sensitivity
of the children through the reduced Italian version of
Weinstein’s Noise Sensitivity Scale (Senese et al., 2012).

In the second section, perceived loudness and the child-
ren’s affective reaction to the sound environment of their class-
room were measured. In the absence of a model of affective
response to classrooms’ soundscapes, we felt it would be sensi-
ble to collect information by analogy as per the recommenda-
tions of ISO/TS 12913-2 (ISO 12913-2, 2019), where the
assessment of eventfulness (or content) is replaced with the
assessment of arousal—constructs that are assumed to be posi-
tively related in the literature (Axelsson er al., 2010).
Compared with the ISO technical specification, non-verbal
scales (SAM) (Bradley and Lang, 1994) were employed.
Specifically, they were asked: “How would you describe the
sounds in your classroom when doing a test?” Among the dif-
ferent everyday situations that students experience in their
classroom, we chose to target “doing a test,” since it is a visu-
ally presented cognitive activity that does not imply an addi-
tional conflict between the necessity of listening to the
teacher’s message and the presence of sounds in the classroom.

The three dimensions of overall perceived loudness,
pleasantness, and arousal were assessed on pictorial 9-point
scales (Fig. 1). It should be noticed that the scale originally
used by Bradley and Lang (1994) to assess the dominance/
perceived control construct, consisting of figures of different
sizes, was used here for an assessment of the overall per-
ceived loudness of the sound environment, in analogy to
what was done by Estévez-Mauriz et al. (2020), where the
same scale was used to assess the perceived dominance of
different types of sound sources. For the sake of clarity, the
scales were introduced verbally to the students and included
verbal anchors at the scale extremities. The evaluation was
repeated two times, concerning the classroom with the win-
dows open or closed.

The third section assessed the frequency of occurrence
(How often do you hear the following sound sources when
you are in your classroom doing a test?) and pleasantness
(How would you describe the following sound sources?) of
specific noise sources. The following sources were included,
based on a previous survey administered to students of simi-
lar age (Dockrell and Shield, 2004): cars, motorcycles,
sirens, trains, teachers’ voices from adjacent classrooms,
children’s voices from adjacent classrooms, chairs or desks
scraping upstairs, people talking and/moving in the corridor,
children’s chatting in the classroom, chairs or desks scraping
in the classroom, objects moved or dropped in the class-
room. The evaluations referred to the classroom with the
door and the windows closed and were given by using 9-
point SAM scales. As the evaluation was made with the
windows closed, other external sounds that might instead be
audible with the windows open (e.g., birds chirping) were
not included. For the evaluation of the frequency of occur-
rence, the same graphical scale as for the assessment of per-
ceived loudness was used [Fig. 1(a)] with the verbal anchors
modified to “never” and “always.” For the evaluation of
pleasantness, the scale shown in Fig. 1(b) was used.

Visentin et al. 1815
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How would you describe the sounds
in your classrom when doing a test?

(@) & T fg

|

Very low Very loud
(== == (== (== (== (== == == (==
Unpleasant Pleasant
=) =) =) =)

Calm Exciting

FIG. 1. Pictorial scales used for assessing perceived loudness and the affective responses to the classroom sound environment: (a) perceived loudness, (b)

pleasantness, (c) arousal (after Bradley and Lang, 1994).

Finally, in the fourth section, information about the
children’s ideal soundscape during lessons was collected.
Specifically, they were asked to rate how much they would
like to hear specific sound sources on a 9-point SAM scale
[from “a little” to “a lot,” see Fig. 1(a)]. The following
sound sources were selected: traffic (cars, motorcycles,
bicycles), anthropic sounds from the outdoors (e.g., people
talking or laughing, steps), children’s voices from the corri-
dor, chatting noise in the classroom, natural sounds (e.g.,
birds’ chirping, wind, rain), and music. The sources were
the same as those included in the actual soundscape, with the
addition of natural sounds and music that are reported in
the literature to characterize ideal soundscapes (Axelsson
et al., 2010; Torresin et al., 2020a; Torresin et al., 2022b).

B. Schools and classrooms

Three schools were involved in the project. The schools
belonged to distinct urban contexts, namely the historic city
center (school A, classrooms Al1-A4), modern city (school
B, classrooms B1-B4), and outskirts (school C, classrooms
C1-C2). In the first case, all the classrooms directly faced
local roads with low volumes of traffic (e.g., isolated car
passages could be identified) and high presence of anthropo-
genic noise (e.g., people walking on the pavement and chat-
ting). School B was located at the corner of two local
streets, facing a parking lot and a small local street market.
Three of the classrooms were exposed to a low-traffic street,
with a row of trees partially shading their windows.
Differently, the windows of the fourth classroom (B3),

1816  J. Acoust. Soc. Am. 154 (3), September 2023

which was located on the ground floor of the school, faced
directly the second street and the school playground. In the
third school (i.e., school C), the two classrooms faced a
large green courtyard, separating the school from a low-
traffic, local street. Only the classrooms of the third school
had an acoustically treated ceiling (see supplementary mate-
rial for further information on classroom environments, e.g.,
dimensions, volume, occupancy).1

In each classroom, acoustic measurements were per-
formed in unoccupied conditions outside school hours,
with % in. microphones (PCB model 377B02, PCB
Piezotronics, Depew, NY) connected to a multi-channel
measurement system (Synus Soundbook MK?2, Spectra s.r.1.,
Monza Brianza, Italy). The background noise level (La cq)
was measured at three positions inside the classroom
(height: 1.2 m, 2 min acquisitions) with the door and win-
dows closed. Reverberation time (T30) and clarity (C50)
were measured according to ISO 3382-2 (ISO 3382-2, 2008)
using a wooden clapper as a sound source (Astolfi et al.,
2019). Source and receiver positions were selected follow-
ing the recommendations of the Italian standard on class-
room acoustics UNI 11532-2 (UNI 11532-2, 2020). In
particular, the four receiver positions (R1-R4) were located
in the area usually occupied by the students, in-axis with the
sound source (R1: seating position closer to the source; R2:
seating position in the center of the audience area; R3: seat-
ing position further from the source), and in the most unfa-
vorable position (R4: seating position further from the
sound source and closer to a background noise source).
Table I reports the acoustic parameters measured in the

Visentin et al.
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TABLE I. Acoustic parameters measured in the 10 classrooms in unoccupied conditions: background noise with windows closed (L ), reverberation time
T30, and clarity C50. Each classroom location inside the school building and characteristics of the external context are also reported.

School Classroom Laeq (dB) T30 (s) C50 (dB) Location in the school building External context

A Al 44.8 1.18 —-04 First floor Local, low-traffic street
A2 47.9 1.58 —-0.3 Ground floor Local, low-traffic street
A3 37.6 1.14 0.15 First floor Local, low-traffic street
Ad 44.6 1.18 —04 Second floor Local, low-traffic street

B Bl 294 1.57 —1.8 First floor Quiet urban context
B2 299 1.61 —1.2 Ground floor Quiet urban context
B3 33.7 1.50 —13 Ground floor Local street/playground
B4 33.2 1.82 —-32 First floor Quiet urban context

C Cl1 30.8 1.03 1.2 First floor Green courtyard
Cc2 30.6 1.04 1.2 First floor Green courtyard

classrooms, obtained by first calculating a single value for
each position (frequency average—T30: 0.5-1 kHz; C50:
0.5-2 kHz) and then, arithmetically averaging the values at
the four positions. The reverberation time measured in the
classrooms was corrected to consider an 80% occupancy and
compared to the reference values defined in the UNI 11532-2
standard for category A2 (classrooms). It was found that in all
the classrooms, T30 was higher than the reference value for
the frequency range 125-4000Hz. The parameter C50 was
compared to the reference value of >2 dB defined in the UNI
11532-2 for classrooms smaller than 250 m® (unoccupied con-
ditions), finding that in none of the classrooms it complied
with the normative requirement. Finally, as concerns the back-
ground noise (composed by sounds from the outdoors and the
heating, ventilation, and air conditioning system), it was lower
than the value set by the Italian standard [38 dB(A)] only in
the classrooms of schools B and C.

C. Participants

The questionnaire was administered to 143 students
from 10 classes (grades 3-5) in three primary schools in
Ferrara, Italy, during spring 2021. Thirteen students were
excluded from the data analysis because of cognitive or
hearing deficits, certified by the school administration
(n=1), or classified as outliers after a preliminary dataset
check (see Sec. IID). The final sample included 130 chil-
dren, whose characteristics are reported in Table II.

D. Data analysis

The statistical analyses were carried out with R (version
4.2.2; R Core Team, 2023). For the analyses, the 9-point
scale ratings were converted on a scale from -1 to 1.
Significant differences between the children’s subjective
evaluations were assessed using Kruskal-Wallis and pair-
wise Wilcoxon tests, given the ordinal nature of the pictorial
scales. The results of the pairwise tests were adjusted with
Bonferroni correction in the case of multiple comparisons.

To answer the second research question, two linear
models were created, analyzing the effect of person-
related (grade, gender, self-rated noise sensitivity),

J. Acoust. Soc. Am. 154 (3), September 2023

acoustic (La ¢q, T30, and C50), and perceptual acoustic
factors (perceived loudness, frequency of the sound sour-
ces) on the dimensions of pleasantness and arousal. The
three categories were selected among those identified by
Torresin et al. (2019a) as influencing the perception in
indoor residential buildings, in the absence of categories
specific to learning environments. Reverberation time and
C50 were included given their relevance for the acoustic
design of classrooms. The three perceptual dimensions
referred to the closed-windows condition. A stepwise pro-
cedure was used to derive the best-fit model, based on the
minimization of the model AIC (Akaike’s information cri-
terion). Outliers and influential data points (n=12) were
removed from the dataset based on the calculation of
Cooke’s distance for each model. In Sec. III A 1, only the
results referring to the best-fitting models are reported.

lll. RESULTS

A. Perception of the classroom sound environment
with closed windows

The distribution of the frequency of occurrence of dif-
ferent sound sources in the classroom and the corresponding
pleasantness is shown in Fig. 2 and in Table III (where the

TABLE II. Characteristics of the final sample of participants, by grade.

Classroom Grade N (female) Age (standard deviation)
B1 I 8(3) 8.3(0.5)
B2 1II 9(6) 8.1(0.3)
III 17(9) 8.2(0.4)
Al v 12(8) 9.8(0.4)
A2 v 14(7) 9.9(0.3)
B3 v 13(5) 9.4(0.5)
B4 v 13(7) 9.2(0.4)
v 52(27) 9.6(0.5)
A3 \Y 11(5) 10.9(0.3)
A4 \ 15(7) 10.9(0.3)
Cl1 A% 18(9) 10.3(0.5)
Cc2 A% 17(7) 10.2(0.6)
v 61(28) 10.5(0.5)
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(a) How often do you hear the following sound sources
when you are in your classroom doing a test?

Children's voices (in)
Objects moved (in)
Cars

Scraping noises (in)
Sounds from corridor
Motorcycles

Scraping noises (out)
Children's voices (out)
Teachers' voices (out)

Sirens

Trains

Q
*

25% 50% 75% 100%

. Often . Moderately . Rarely

(b) How would you describe the following sound sources?

Children's voices (in)
Objects moved (in)
Cars

Scraping noises (in)
Sounds from corridor
Motorcycles

Scraping noises (out)
Children's voices (out)
Teachers' voices (out)
Sirens

Trains

=
®

25% 50% 5%

3
3
R

. Pleasant . Neutral . Unpleasant

FIG. 2. (Color online) Frequency distribution of the ratings of frequency of occurrence (a) and pleasantness (b) for different sound sources. The evaluation
refers to the classroom with the door and the windows closed. For data visualization, the ratings on the 9-point scale were grouped as follows: 1-3 (rarely/
unpleasant), 4-6 (moderately/neutral), and 7-9 (often/pleasant). Sound sources could be either inside the classroom (in), or outside the classroom (out).

sound sources are grouped into three categories according to
their position relative to the classroom).

The sound environment in the classroom with the win-
dows closed was reported to be dominated by the sounds
generated by the children themselves: students talking in
the classroom, objects being moved or falling, and, to a
lesser extent, desks or chairs scraping on the floor. Traffic
from motor vehicles was also indicated as one of the most
frequent sounds heard during lessons, followed by sounds
generated inside the school but outside the classroom (e.g.,
voices and movements from adjacent spaces).

As concerns the pleasantness dimension, all the sound
sources were perceived as being mostly unpleasant (pleasant
ratings were always smaller than 20%). The most unpleasant
sounds were those related to the scraping of desks and chairs
(both inside the classroom and from the classrooms above)
and the children’s voices from adjacent classrooms, fol-
lowed by the sounds of motorcycles and sirens. No correla-
tion was found between the ratings of frequency of

TABLE III. Perceived frequency of occurrence and pleasantness of the
three groups of sound sources: sounds generated by the children inside the
classroom (children’s chatting, chairs or desks scraping, objects moved or
dropped), sounds generated inside the school building but outside of the
classroom (children’s or teachers’ voices from adjacent classrooms, chairs
or desks scraping upstairs, people talking and/moving in the corridor), and
sounds generated outside the school (cars, motorcycles, sirens, trains).

Sounds generated

inside the
Sounds generated  school building
by the children but outside
inside the of the Sounds from

classroom (%) classroom (%) the outside (%)

Perceived frequency 46.2 29.0 24.7
Pleasant 11.8 14.6 16.2
Neutral 34.6 333 344
Unpleasant 53.6 52.1 49.4
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occurrence and pleasantness [repeated measurements corre-
lation: r(1299) =-0.04, p =0.14].

1. Perception of the classroom sound environment:
Differences between closed and open windows

The classroom sound environment was assessed by the
students in terms of perceived loudness, pleasantness, and
arousal in two conditions: closed and open windows. The
results are reported in Table I'V.

The presence of differences in perceived loudness,
pleasantness, and arousal in the classrooms with windows
open or closed was first tested by pooling all the classrooms
together, irrespective of the urban context. Results indicated
a significant increase in perceived loudness when the win-
dows were open compared to the condition with windows
closed. The evaluations of pleasantness and arousal were
not significantly different between the two conditions.

Affective responses to the classroom sound environ-
ment were then represented in the bi-dimensional perceptual
space defined by pleasantness and arousal, by considering
every classroom separately. In Fig. 3, each point represents
the assessment of a classroom (median value of each attri-
bute calculated over the students of the corresponding class),
with reference to the two conditions (windows closed or
windows open).

The bi-dimensional representation allowed to divide the
classrooms into three groups based on the change in pleas-
antness with windows open: G1 (decrease in pleasantness;
classrooms Al, A2, A3, B3; sample size: 50 students), G2
(no changes in pleasantness; classrooms A4, C1, C2; sample
size: 50 students), and G3 (increase in pleasantness; class-
rooms B1, B2, B4; sample size: 30 students). Figure 4 shows
for each group an in-depth visualization of the distribution
of soundscape assessments (50th percentile contours
together with the bivariate distributions of the two condi-
tions; Mitchell et al., 2022). This visualization allows for
representing the individual variation in the perception of the
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TABLE IV. Median values and interquartile ranges (in parenthesis) for the
perceptual dimensions, in the conditions with open and closed windows.

Variable Windows closed Windows open Difference
Perceived loudness  —0.25(0.75) 0.25(0.75) W=10971,p < 0.001
Pleasantness 0(0.25) 0(0.25) W =28180, p=0.65
Arousal —0.25(0.5) 0(0.25) W =9545, p= 0.07

soundscape of a space (i.e., the degree of agreement about
the soundscape perception among the children) and the gen-
eral shape of the soundscape within the space. Table V
shows the aggregated data for each group.

Statistical analysis was first run to compare the percep-
tual evaluations in the open- and closed-windows condition
for each group. The results indicated that the graphical dif-
ference highlighted a tendency in the data that was not sub-
stantiated by statistical significance for any of the three
groups, concerning pleasantness and arousal (all ps > 0.21).
Only the increase in arousal for group G1 was statistically
significant (W = 1560, p=0.015). Conversely, perceived
loudness showed a significant increase from the condition
with windows closed to the condition with windows open
for both G1 (W=1848, p < 0.001) and G2 (W =1557,
p=0.033). No significant difference in perceived loudness
was found for G3 (p =0.44).

The perceptual evaluations of the three groups were
then directly compared in the two conditions. No significant
differences between the three groups were found in the per-
ceptual dimensions rated in the closed-windows condition
(all ps > 0.11). On the contrary, in the open-window condi-
tion, in G1 perceived loudness and arousal were signifi-
cantly higher than in the other two groups. Likewise,
pleasantness was significantly lower in group G1 compared
to the other two groups.

Finally, differences between the frequency of the sound
sources (closed-windows condition) rated by the three
groups were analyzed. Results indicated that children having
lessons in the classrooms of group G1 heard more frequently
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FIG. 3. (Color online) Projection of the affective responses to the classroom
sound environment onto the bi-dimensional space defined by the pleasantness—
arousal dimensions. Points refer to the median assessment of a class, with refer-
ence to the condition with windows closed (circles) or open (asterisks). The
codes and characteristics of the classrooms can be found in Table 1.

sounds from outside the classroom compared to the other
two groups. On the contrary, they were less exposed to the
chatter noise of the children inside the classroom.

B. Perceptual dimensions of pleasantness
and arousal: Influencing factors

Regression analyses were conducted to explore whether
person-related, acoustic, and perceptual acoustics factors
predict the children’s perception in classrooms in terms of
pleasantness and arousal. Table VI shows the results for the
linear model minimizing the AIC metric for the dimension
of pleasantness (closed-window condition). All the acoustic/
personal/perceptual acoustic factors that are not reported in
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FIG. 4. (Color online) Classroom soundscape perception as a probabilistic distribution over the bi-dimensional space of pleasantness and arousal. The 50th
percentile contour is represented, and the perception in the classroom with windows open or closed is compared. (a) G1: group of four four classes showing
a tendency to decrease in pleasantness when windows are open compared to the closed-window condition, (b) G2: group of three classes experiencing no
changes in pleasantness when the average rating of the students was considered, (c) G3: group of four classes tending to increase in pleasantness.
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TABLE V. Median values and interquartile ranges (in parenthesis) for the perceptual dimensions, in the conditions with open and closed windows for the
groups G1-G3. In the lower part of the table, the perceived frequencies of occurrence (median and interquartile range) for the sound sources are reported,

for the three groups.

Condition Variable Group G1 Group G2 Group G3 Differences

Windows closed Perceived loudness —0.25(0.75) —0.25(0.69) —0.125(0.44) —
Pleasantness 0(1.25) 0(0.50) 0.125(1.25) —
Arousal —0.25(1.00) —0.25(0.69) —0.25(1.00) —

Windows open Perceived loudness 0.5(0.50) 0(0.50) 0(1.00) G1 > G2,p < 0.001

Gl > G3,p=0.004

Pleasantness —0.5(0.94) 0(0.75) 0.25(1.00) Gl < G2, p=0.004

Gl < G3,p <0.001

Arousal 0.25(0.75) —0.25(0.88) —0.375(1.19) Gl > G2,p < 0.001

G1 > G3, p <0.001

Perceived frequency of occurrence of the sound sources (windows closed)

Sound source Group G1 Group G2 Group G3 Differences
Cars 8.0(3.0) 6.0(3.0) 5.0(3.5) Gl > G2, p < 0.001
G1 > G3,p < 0.001
Motorcycles 7.0(4.0) 5.0(4.0) 4.0(5.0) Gl > G2,p=0.045

Sirens 4.0(4.5) 3.0(3.0) 4.0(3.0) —

Trains 1.5(2.0) 2.0(3.0) 4.0(3.0) —
Teachers’ voices (out) 5.0(4.0) 3.0(4.0) 5.0(2.5) —
Children’s voices (out) 7.0(3.75) 5.0(5.0) 3.0(3.5) Gl > G2, p=0.002

Scraping noises (out) 7.5(4.0) 3.0(5.0) 1.0(4.0) G1 > G2, p < 0.001
Gl > G3,p < 0.001
Sounds from corridor 6.0(4.0) 6.0(5.0) 5.0(3.0) —
Children’s voices (in) 7.0(5.0) 6.0(3.0) 9.0(2.0) Gl > G3,p=0.035
Scraping noises (in) 7.0(5.0) 7.0(3.0) 6.0(3.5) —
Objects moved (in) 7.5(3.0) 7.0(3.0) 6.0(4.0) —

Table VI had a non-significant effect on the perceptual
dimension. The analysis indicated a significant effect of the
grade, perceived loudness (unoccupied conditions), and per-
ceived frequency of occurrence of children’s voices from
nearby classrooms. An increase in perceived loudness corre-
sponds to a significant decrease in pleasantness, whereas the
frequency of children’s voices outside the classroom is posi-
tively related to pleasantness. Pairwise comparisons were
run to analyze the significant effect of grade and showed
that the third-graders perceived a more pleasant classroom
sound environment compared with the fourth-graders (III
> IV: median difference =0.46, t=3.04, p =0.009). The
proportion of variance explained by the model is 17.2%.

The results of the linear model for arousal (closed-
windows conditions) are reported in the lower panel of
Table VI. The analysis indicated a significant effect of per-
ceived loudness, reverberation time (unoccupied condi-
tions), and perceived frequency of occurrence of sirens,
trains, and children’s voices from nearby classrooms. An
increase in perceived loudness, frequency of sirens, and
children’s voices corresponds to a significant increase in
perceived arousal. Conversely, a decrease in the measured
reverberation time and frequency of trains corresponds to
an increase in arousal. The model explained 40.9% of the
data variance.
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C. Ideal classroom soundscape

The frequency distribution of the sound sources that
children would like to hear in their classrooms is shown in
Fig. 5. The ideal sound environment for our sample of chil-
dren is free from anthropic sounds, either directly generated
by people (e.g., voices) or related to vehicles. On the con-
trary, music and sounds related to nature are favored by
children.

Correlation analyses (overall, by grade, and by school)
were performed to understand whether the perception of the
actual soundscape had an influence on the evaluation of the
ideal soundscape. No significant correlation was found
between the two evaluations.

IV. DISCUSSION

This study aimed to investigate the classroom sound-
scape with reference to primary school students (8§—10 years
old). In the absence of previous studies on the indoor sound-
scape for young children and of a model for affective
responses in this specific context, we asked the children to
assess their perception of the actual sound environment
based on the following dimensions: pleasantness, arousal,
and perceived loudness. The “ideal” soundscape was also
explored to get insight into children’s desiderata and take
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TABLE VI. Linear models for pleasantness (upper panel) and arousal
(lower panel). Both dimensions refer to the sound environment of the class-
room with windows closed. Significance codes for the p-values: *< 0.001,
< 0.01, °< 0.05.

Predictor Estimate Standard error t-value p-value

Pleasantness
(Intercept) 0.19 0.12 1.53 0.13
Grade (4) —0.46 0.15 —3.04 0.003°
Grade (5) —0.24 0.15 —1.67 0.10
Perceived loudness —-0.5 0.10 —4.45 <0.001°
Frequency: children’s 0.17 0.07 2.51 0.013°¢
voices in nearby
classrooms

Arousal

(Intercept) 0.56 0.21 2.69 <0.001*
Perceived loudness 0.52 0.08 6.18 <0.001"
T30 (s) —0.51 0.15 -336  0.001°
Frequency: sirens 0.32 0.08 3.77 <0.001*
Frequency: trains —-0.27 0.08 —3.36 0.001°
Frequency: children’s 0.14 0.06 2.31 0.022¢
voices in nearby classrooms
Frequency: chairs scraping 0.10 0.06 1.74 0.084

in classrooms above

the first steps toward the use of sounds as a means to pro-
mote a positive school climate.

A. Actual soundscape of the classroom

The results of the study suggest that children are exposed at
school to unpleasant sounds (Fig. 2). As regards specific sound
sources heard inside the classroom, sounds generated by the
children themselves (voices, objects, or furniture being moved)
occur more often than sounds coming from outside. The result
extends literature findindgs, which were focused on older stu-
dents, to children aged 8 to 10 (9-16 years old, Brannstrom

How much would you like to hear these sound source:
in your classroom?

Natural sounds

Music

Children's voices (in)

Traffic

Children's voices (corridor)

People talking (outside)

0% 25% 50% 75% 100%

- Very much . Neutral . Not much

FIG. 5. (Color online) Frequency distribution of the children’s ratings with
reference to their ideal classroom soundscape. For data visualization, the
ratings on the 9-point scale were grouped as follows: 1-3 (not much), 4-6
(neutral), 7-9 (very much).
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et al., 2017; secondary school, Astolfi and Pellerey, 2008; uni-
versity, Kennedy et al., 2006). Given its predominance in the
classroom sound environment, this type of noise is thus expected
to have the greatest impact on children’s well-being and learn-
ing. Indeed, compared to sounds from outside the classroom, it
is generally rated as the most annoying (Boman and Enmarker,
2004), the most disturbing (Astolfi and Pellerey, 2008), and the
most detrimental to task performance (Visentin et al., 2023) and
academic outcomes (Dockrell and Shield, 2004).

Concerning sounds from outside the classroom, we
found that road traffic (cars and motorcycles) is the most fre-
quent source, whereas the frequency of occurrence of
sounds generated outside of the classroom but inside the
school building (e.g., voices and movements from nearby
spaces) is generally lower. The former result aligns closely
with previous literature for children of similar age
(Brannstrom et al., 2017; Dockrell and Shield, 2004) indi-
cating the importance of the school location within the
urban context for the students’ well-being.

The importance of the school location gains even more
relevance when the cross-modal effect of acoustics and
indoor air quality (IAQ) on the indoor soundscape is consid-
ered. All the schools participating in our experiment were
naturally ventilated buildings, in which proper IAQ is
ensured by opening windows. It should be noted that the
importance of ventilation in schools has become even more
relevant since the Covid-19 outbreak, forcing an improve-
ment in classroom ventilation to prevent the spread of the
virus. The simple act of opening the windows changes the
sound environment of the classroom, leading the students to
greater exposure to external sound sources and consequently
affecting the indoor soundscape (Pellegatti et al., 2023). In
this sense, the urban context of the school (thus, being
located in areas more or less exposed to traffic noise,
according to our findings) might moderate the children’s
affective responses each time windows are opened to ensure
proper ventilation.

Our results show that classroom soundscape can be
traced back not only to the school context at the urban scale
but also to a more granular scale where the location of the
classroom within the school matters. In particular, children
attending lessons in classrooms with an outdoor environ-
ment more characterized by the sounds of motor vehicles
experience a greater difference in perceived loudness
between the two conditions of windows closed and open,
compared to children having lessons in classrooms less
exposed to traffic noise. It is worth noticing that children’s
affective responses are influenced by the specific orientation
of the classroom windows, and seemingly by the location of
the classroom in the school building more than by the urban
context. This is the case of classroom B3 which belongs to a
school located in a quiet neighborhood of the city, but that
elicits the same affective responses of classrooms located in
the city center (thus more exposed to traffic), due to its loca-
tion (ground floor) and exposure (directly facing the street).
Likewise, classroom A4, despite being located in the city
center, elicits the same responses as the classrooms of
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school C, located on the outskirts and facing a green court-
yard. It might be speculated that being located on the second
floor of the school building prompts in the students a sense
of “detachment” from the outdoor environment thus elicit-
ing more positive responses.

In addition to perceived loudness, the urban context
also elicits differences in pleasantness and arousal when
windows are opened. Specifically, students in classrooms
with an outdoor environment more characterized by traffic
noise will experience a decrease in pleasantness and an
increase in arousal when opening the windows. On the con-
trary, the same pleasantness or an increased one (same/
reduced arousal) is elicited during natural ventilation for
classrooms located in less exposed areas. It should be
acknowledged that the partition of the classrooms into three
groups was only based on the dimension of perceived pleas-
antness, but other factors (e.g., demographical or socio-cul-
tural) might be relevant to explain the observed differences
between perception with open and closed windows.

Despite this limitation, the result has implications for
the selection of the best ventilation strategy to be adopted in
the classroom. For instance, classrooms exposed to outdoor
sound environments characterized by human-generated
sounds might be equipped with mechanical ventilation,
whereas children in less-exposed classrooms take advantage
of a natural ventilation strategy. Moreover, natural ventila-
tion in natural outdoor settings may even be able to improve
the indoor soundscape (Torresin et al., 2019b). It should be
recalled that in this study, the evaluation of sound sources
was carried out with closed windows. Future field cam-
paigns in schools should also be conducted with open win-
dows and in contexts with a gradient of natural features, to
evaluate the potential of natural sounds transmitted through
open windows in improving students’ pleasantness and cog-
nitive performance. The significance of natural sounds in
the classroom environment was evident from the students’
responses regarding their ideal soundscape. This finding fur-
ther strengthens the notion that these sounds could contrib-
ute to creating a positive sound environment (for a more
extensive discussion, refer to Sec. IV C).

B. Factors influencing the classroom soundscape

The final model with the best fit for pleasantness sug-
gested that children’s ratings were negatively related to
overall perceived loudness, and positively related to the fre-
quency of children’s voices from adjacent classrooms. That
is to say that a positive perceptual outcome is seemingly eli-
cited in quieter classrooms, in which some anthropogenic
sounds are still present. It might be speculated that hearing
the voices of the children in other classrooms promotes
pleasantness by enhancing children’s sense of inclusion and
community, but dedicated studies are needed to test this
hypothesis. Given the low proportion of variance explained
by the model (17%), it might be hypothesized that the per-
ceptual acoustic factors used in our study (frequency of
occurrence) were not decisive for the pleasantness
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assessment of the children, which could instead be based on
other factors. For instance, asking them to rate the perceived
loudness of the single sound sources instead of frequency
(as per ISO/TS 12913-2), and using it in the regression
model might result in a higher proportion of variance
explained. Interestingly, perceived loudness appears to be a
relevant factor in explaining pleasantness, unlike decibel-
based sound levels. The results of previous soundscape stud-
ies showed that pleasantness and comfort are better
explained by the loudness parameter and by the perceived
dominance of individual sound sources and to a less extent
by the sound level in decibels (Axelsson et al., 2010;
Torresin et al., 2020a), which is more frequently employed
in building and room acoustics assessments. Furthermore,
while perceived loudness is an important aspect in explain-
ing sound perception, the results derived from the represen-
tation of affective response in the circumplex space showed
that an increase in perceived loudness (e.g., while opening
windows) is not necessarily associated with a reduction in
pleasantness [as in the case of the G2 group, Fig. 4(c)]. As
argued in the soundscape literature (Kang et al., 2016),
acoustic perception is complex and highly multifactorial and
it is related not only to noise levels but also to the meaning
carried by sound sources, as well as to non-acoustic factors
(Riedel et al., 2021), such as phenomena of interaction with
other sensory realms—among others—visual (Li and Lau,
2020) and olfactory (Bluyssen et al., 2021). With specific
reference to the indoor environment, a classification model
for the soundscape factors was proposed, including, besides
acoustic variables, also architectural (e.g., function, architec-
tural properties) and contextual (e.g., psychological, demo-
graphical) factors (Ergakmak and Dokmeci Yoriikoglu, 2019).
Understanding these interrelationships could guide urban plan-
ning and building design to promote student well-being on the
one hand and passive ventilation strategies on the other.

The model with the best fit for arousal indicated that
children’s arousal increases in classrooms with high per-
ceived loudness. It is also positively related to the frequency
of occurrence of sounds related sirens and children’s voice
in adjacent classrooms. Both are sound sources external to
the classroom and with a strong attentional capturing poten-
tial, being unexpected events, deviant from the auditory con-
text. Interestingly, no sound sources internal to the
classroom seemed to be influential for the arousal dimen-
sion, despite their higher perceived frequency. A negative
relation between arousal and reverberation time was
observed as well, supporting the relevance of acoustic
parameters other than noise level for the indoor soundscape.
It might be speculated that with longer reverberation times,
sounds generated in the classroom (voices, movement) are
more “blurred” and therefore have a lesser potential to cap-
ture attention, thus decreasing arousal. While the literature
suggests a reduction in arousal by exposure to natural
sounds (Ratcliffe, 2021; Alvarsson et al., 2010), future stud-
ies should investigate the effect of these and other sound
types on students’ arousal, also exploring potential moderat-
ing or mediating effects on cognitive performance.
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Concerning person-related factors, we found that youn-
ger children perceived the classroom sound environment as
more pleasant than older children. Due to the imbalanced
dataset (see also the Limitations and future research sec-
tion), it cannot be excluded that the effect originates from
the specific characteristics of school B, to which both clas-
ses of third-graders belonged. However, the presence of an
age effect aligns with previous literature findings, which
nonetheless indicate an opposite trend, with younger chil-
dren reporting greater difficulties in differentiating listening
contexts (Dockrell and Shield, 2004), and students in higher
grades experiencing improved ease of hearing compared to
younger children (Brannstrom et al., 2017). No significant
effect of the other person-related factors (gender, noise sen-
sitivity) was found in our study. It has to be noticed that a
small effect of gender, with girls being more annoyed by the
noise and experiencing less ease of hearing than boys, was
found by Brannstrom et al. (2017). Moreover, gender was
one of the demographical factors identified by Dokmeci
Yorukoglu and Kang (2017) as significantly related to the
reaction and the perception of sound sources within libraries
by young adults. Also, a strong association between noise
sensitivity and noise annoyance is well documented for chil-
dren (Massonnié et al., 2022b). However, as for the findings
on the age effect, it should be considered that all the litera-
ture results refer to subjective evaluations of the sound stim-
uli addressed in their negative connotation (e.g., annoyance)
and older children. It might be that different mediation pat-
terns for person-related factors, or even different factors,
will be relevant in the case of the affective responses of
younger children.

C. Ideal classroom soundscape

Concerning the ideal classroom soundscape for chil-
dren, we found that nature-related sounds were highly pre-
ferred, closely followed by music. Anthropogenic sounds
(voices, traffic) were the least preferred, either generated
inside or outside of the classroom. These preferences seem
to be of a general nature, as they are not related to the actual
acoustic environment perceived by the students in their
classrooms.

The children’s preference for natural sounds is in line
with literature suggesting that nature-related settings might
facilitate stress recovery (Stress Reduction Theory; Ulrich
et al., 1991). Indeed, exposure of students in the classroom
to natural sounds has a positive effect on comfort (mediated
by the sound level; Pellegatti et al., 2023) and learning per-
formance (Luo et al., 2022) and has a restorative effect on
memory and attention (Shu and Ma, 2019). Also, playing
some music during lessons was found to prompt benefit for
children’s reasoning skills, and have a calming and focusing
effect for children with special educational needs (SEN)
(Crnéec et al., 2006).

Therefore, the children participating in our study
expressed a preference for sound stimuli able to promote
calmness and restoration during lessons. We did not include
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the “silent” (no sounds) option among the answers available
to the children. However, the high preference expressed for
music and natural sounds suggests that the presence of
some, specific sounds in the classroom might be preferred
by the children compared to a completely silent condition,
which is hardly possible in the classroom. Future research
might better address this specific aspect, but the results of
this pilot study seem to reinforce the idea that silence (and
the current approach solely based on noise control) does not
always define a classroom sound environment of high qual-
ity (Aletta and Kang, 2019). This is consistent with the con-
cept of “positive soundscapes,” which may need to be either
“quiet” or “vibrant” in schools, depending on the spaces,
activities, and pedagogical modalities employed, and where
the very concept of quietness does not exclude the presence
of sound (Andringa and Lanser, 2013; Tsaligopoulos et al.,
2021).

D. Limitations and future research

This study has three main limitations. First, acoustical
parameters were only measured in unoccupied conditions,
thus reducing the predictive power of the regression models.
Furthermore, the acoustic measurements took place at dif-
ferent times to those at which the perceptual evaluations
were collected, thus potentially resulting in a mismatch
between the acoustic conditions recorded and those present
at the time the questionnaires were administered. Future
research should examine the correlation between the child-
ren’s perception and acoustical parameters measured in
occupied conditions, possibly in several different contexts
(e.g., frontal lesson, group work), also including psycho-
acoustic metrics. Other parameters, besides T30 and L ¢,
could be considered as well. For instance, given the rele-
vance of the children’s voices as a sound source in the class-
room, it might be expected that early decay time and the
difference between statistical noise levels (La 10-La.oo0)s
play a role in the children’s perception. Moreover, aiming
for an approach blending multiple domains (Schweiker
et al., 2020), the outdoor sound environment, the quality of
the window view, the thermal and visual environments, and
the air quality should be closely monitored and
characterized.

Second, this being a pilot study, the sample size was lim-
ited to 130 students, and the classes were recruited on a volun-
tary basis. Therefore, sample uniformity was not guaranteed
throughout the study and, for instance, only fifth graders were
included for school C, yielding potential confusion on the fac-
tors (grade or urban context?) determining the effects observed
on the perceptual dimensions. Further studies on classroom
indoor soundscape should involve a greater number of students
and pay particular attention to the balancing of the sample as
regards to grade, school location in the urban context, and
classroom acoustic characteristics.

Third, given the low number of children with special
educational needs (e.g., with hearing impairments, autism
spectrum disorder, children learning in a second language),
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it was not possible to consider them as a separate group in
the analysis. It is well known that children with SEN are dif-
ferentially negatively affected by non-adequate classroom
acoustic conditions compared to other learners (Dockrell
and Shield, 2006; Ueno et al., 2019; Jamieson et al., 2018).
It might as well be possible that the factors determining a
positive soundscape will be different for them. Future
research on indoor soundscape should specifically target this
population aiming to support their well-being and design
inclusive learning environments, with a sonic environment
that could work for all the children in the classroom.
Furthermore, classroom soundscape should be studied from
the viewpoint of teachers. Similarly to the students, they
spend several hours per day in the classroom, and its sound-
scape is a relevant factor for their well-being, and their cop-
ing and teaching strategies (Hytonen-Ng et al., 2022).

Future studies shall also explore the dimensions of the
perceptual space describing the students’ affective response
to the classroom’s acoustic environment. The perceptual
dimensions proposed for residential buildings (comfort and
content; Torresin et al., 2020a) might be applied to high
school or university classrooms, thus overcoming the issues
related to the affective responses of young children outlined
in the Introduction and obtaining an in-depth understanding
of the indoor soundscape. However, the need remains for
developing a classroom indoor soundscape model tailored
(both in the concepts and in the graphical form) to the youn-
ger children for which the sonic environment is a fundamen-
tal factor of well-being, with cascading consequences on
school performance and future life chances.

Finally, it is important to consider that a new approach
to teaching and learning is increasingly being adopted, no
longer based on a teacher-centered approach, but using tech-
nology and peer collaboration as key approaches for learn-
ing. This collaborative process requires new spaces in the
school (Byers et al., 2014), that might even be tailored to
specific areas of learning and teaching, thus forcing us to
rethink the physical spaces, the role of teachers and students,
and the learning style. Therefore, the soundscape assessment
should not be limited to traditional classrooms but will have
to be extended to these different contexts to promote a sup-
portive sonic environment closely linked to the students’
activities and teachers’ needs.

V. CONCLUSIONS

In this study, the indoor soundscape of classrooms was
investigated for primary school children (8—10 years old).
Perceived loudness and the affective dimensions of pleas-
antness and arousal were explored in the experiment, by
using non-verbal, pictorial scales with children.

The main findings of this pilot study are as follows:

6)) Children perceive they are exposed to unpleasant
sounds at school. Sounds generated by the children
themselves (voices, movements) occur more often
than sounds coming from outside the classroom. The
urban context of the school moderates the children’s
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affective responses, mainly in terms of pleasantness,
each time the windows are opened to ensure proper
ventilation.

(i1))  Pleasantness is related to students’ age, perceived
loudness, and the frequency of children’s voices in
nearby classrooms. Perceived loudness, reverberation
time, and the frequency of hearing indoor sounds
(e.g., children’s voices and chairs in nearby class-
rooms) and outdoor sounds (e.g., sirens) affect stu-
dents’ arousal.

(iii)  Children’s “ideal” soundscape during lessons consists
of sound stimuli promoting calm and restoration
(music and natural sounds). The result reinforces the
idea that future research should not solely evaluate
annoying acoustic environments but focus on diverse,
beneficial soundscapes as well.

Our study contributes to a better understanding of the
children’s perception of their classroom sonic environment.
Future research is needed to establish the dimensions along
which to assess the acoustic perception of primary school
children, with the long-term goal to derive design sugges-
tions for supportive and inclusive learning environments.
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