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Abstract
This research is part of the second year of “Io-Ascolto” project supported by the non-profit Fondazione
CRT and developed by University of Turin (Departments of Neurosciences and Sciences), by Istituto
Nazionale di Ricerca Metrologica (INRiM - National Institute for Metrological Research) and Politecnico di Torino (Energy Department), in collaboration with Direzione Didattica “Roberto D’Azeglio”.
The project aims at improving learning skills by contrasting specific disorders (DSA) such as dyslexia. According to MIUR statistics (Italian Ministry for Education, University and Research) dyslexia affects 2.9%
of all students, four times more than six years ago.
The educational program of “enhancing” proposed by
the project “Io-Ascolto” goes alongside the one proposed by teachers, and is aimed at strengthening rhythm,
memory, reading and skills related to correct language
learning because several studies have demonstrated
the effect of noise on these specific areas of learning.
It involves children aged between 5 and 7 years.
Children in this age range have such a neuronal plasticity to possibly still remedy even though, paradoxically, diagnosis of dyslexia is made only after the age
of 8 years.
It is additionally paramount to involve all children
of the class, not only those with noticeable academic
difficulties, both to prevent a later development of learning problems, and also not to create in those who
already are affected by such difficulties a sense of
marginalization and diversity.
The design of built environment has an important influence on the human being, it leads to consequences
on mental and physical health and on social
behaviour. School, as a place of training, learning and
development, is therefore an even more delicate environment.
A room with poor acoustics may generate excessive
noise and could reduce intelligibility of speech causing
difficulties in comprehension and re-elaboration of
words; it is evident that this issue is more serious for
subjects in their initial stages of the learning path. It

has been proved that a child affected by dyslexia, or
reading problems, despite being as scientifically demonstrated as smart as other children or even more,
may have difficulty assimilating concepts after reading
and listening and telling their own thoughts.
Children affected by above-mentioned disorder will
need a big effort and a longer time to reach the level
of the other schoolmates; it can result in frustration
and a low level of self-esteem. This feeling of failure often has consequences in individuals with dyslexia
lives, sometimes causing serious anxiety disorders.
Frustration in these children can lead to anger while a
low self-esteem resulting from a poor self-image can
lead to clinical depression.
Moreover, children’s family can increase discomforts
caused by dyslexia. Siblings can be jealous for the
extra attention needed by the person affected by the
disorder. Also, parents who suffered from dyslexia
themselves can provoke an emotional stress in the
child for their anxiety for not being able to spare their
kid form this trouble.
Another negative scenario for the subjects is caused by
cognitive impairment such as, for example, difficulties
in memorizing what is read, a problem that can be
mistaken for laziness and lead to a confrontation with
parents and teachers. These situations generate traumas that result in decreased motivation, low performance and, in the worst case, in early school leaving.
It has also been demonstrated that exposure to road
traffic noise is related to a range of behavioral problems in 7 years old children 1 of which the most critical are hyperactivity and attention deficit.
Children who have hyperactivity disorder are indeed
particularly distracted from background noise 2 so that
traffic noise would worsen the clinical situation by increasing the severity of the disorder.
The goal of this research thesis is to examine through
the administration of questionnaires on the perception of well-being and noise, developed according to
scientific literature, children’s subjective impression of
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themselves and of the environment around them, and
to measure the acoustic quality of the classroom where they learn everyday to evaluate any possible connection between subjective and objective measures.
The experimental agenda was organized in phases in
which the acoustic data of the 12 classes involved in
the project were collected with in situ measurements,
and then through the administration of the questionnaires within the teaching hours. All data has been
catalogued and individually analyzed to verify in the
first place the classroom suitability to its function of
spoken word transmission, this analysis led to file
classes in two different groups.
It’s been possible to analyze all the answers to questionnaires together and then to compare responses
from children attending classes in rooms with good
acoustical characteristics and responses from children
attending classes in rooms with poor acoustics. This
method made it possible to evaluate the impact of
good acoustics on the perception of oneself and of the
surrounding environment. A further investigation has
been made by combining acoustic data with answers
to questionnaires to understand if any existing correlation could be fixed to improve individual’s ability of
learning.
as far as the well-being analysis of results is concerned, it highlighted no statistically significant differences in the overall population, while in the subclass of
unhappy children there was less well-being between
those in good acoustic conditions. Please note that
happy and unhappy children were discriminated
based on a specific question on the self-perception of
happiness that is widely used in scientific studies.
Another noteworthy fact is that serenity perception showed a correlation with increase in noise level
during classroom activities. For the group of happy
children there has been a significant disturbance
caused by internal noise, especially in poor acoustic
conditions.
Unhappy children , on the other hand, have been
shown to be more annoyed in good acoustic condi-

8

tions. Relationships between objective and subjective
parameters showed above all that noise disturbance during silence increased as the speech intelligibility decreased.
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INTRODUCTION

1. Introduction

1.1 “Io-Ascolto” project
The “Io-Ascolto” project is supported by the non-profit
Fondazione CRT and developed by the University of
Turin (Departments of Neuroscience and Science), the
National Metrology Research Institute (INRiM) and the
Polytechnic of Turin (Energy Department), in collaboration with the Roberto D’Azeglio Didactic Department.
The school year 2015 - 2016 was financed for a pilot
study in which the project was started in the Roberto
D’Azeglio primary school classes.
In the school year 2016-2017, the project was extended involving 12 first grade classes and 5 childhood classes belonging to the D’Azeglio, Manzoni,
Ricasoli and Regio Parco comprehensive schools, all in
Torino, investigating children between 5 and 7 years
of age.
The project, structured on a scientific basis in order to
be calibrated to the age of the subjects, aims to improve learning skills against specific disorders (DSA) such
as, for example, dyslexia Submitting a programme of
enhancement that complements that proposed by the
school. The project is aimed at children under 8 years
of age, as it is proved that below this age range the
human brain is more receptive and especially the auditory cortex has its maximum neuroplasticity.
The “enhancement” was submitted to the children
through a software developed by the research team
composed of figures from the Department of Neuroscience of the University of Turin, the Department of
Energy of the Politecnico di Torino and INRiM. It corresponds to a real didactic program that is accompanied
by the traditional one carried out by teachers. It aims
to reinforce and consolidate some of the key skills for
the learning process with exercises that include reading, hearing and visual discrimination, memory development and rhythm ability. The program is open to all
students so as not to isolate those who already have
difficulties and to prevent their training in the future.
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In fact, the program, whose purpose is to enhance
neural abilities, aims not only to help children with
fragility but to stimulate and improve the skills of all,
thus decreasing the level of frustration and anxiety.
The 12 classes were divided into two groups of 6 according to the administration of the auditory-phonological
enhancement program because, for research purposes,
it was indispensable to have a control mechanism.
The division of the sample was carried out after the
initial phase of the project, in which all children were
subjected to cognitive tests, in order to create two
homogeneous groups whose cognitive abilities were
not yet conditioned by the literacy process.
After the division into the two groups, 15 episodes
with a duration of about one hour each were developed and submitted on a weekly basis from February
2017. The strengthening was concluded with the final
cognitive tests with which the effect of the programme
could be evaluated.
The Polytechnic of Turin supports this project through
the study of classroom acoustics, which contributes to improving learning skills. Two thesis papers
have already obtained their first results:
The thesis “ Effects of schoolroom acoustics on cognitive abilities in first grade children ”, 2017, (Paonessa
et al.) 3, following the acoustics measurements in the
field and the cataloguing of the results of the cognitive
tests that the children underwent, found a correlation
between acoustics and cognitive abilities: in a sub-optimal acoustics the children presented repercussions
especially on auditory memory.
The data are confirmed in the thesis “ Acoustics in
classrooms and cognitive abilities: a longitudinal study on first grade children ”, 2017 (Minelli et al.) 4 in
which the data also showed a correlation with regard
to segmentation, short-term memory, rhymes and hearing attention. In addition, the thesis shows that the
contribution of the enhancement is especially evident
in the ability to hearing discrimination and, in conjun-
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ction with good acoustics, in tests on rhymes. This is a
testament to the best effect of the enhancement when
there is good acoustics.
Since 2016-2017, two questionnaires, subject of this
thesis, on well-being and noise have been administered to evaluate the perception of children on these
issues.

1.2 Mental health, perception of wellbeing and perception of noise
This research on perceptions of first grade children at
school is strongly based on literature. It’s been fundamental to get Scientific studies about mental health
and perception of two fundamental aspects that characterise the way in which we interact with the everyday living environment such as schools: the perception
of well-being and noise. In year 2000 Stansfeld et
al. 5 set the goal to create a studies catalogue on this
topic up to that moment, noting that above mentioned
question is largely unanswered.
Before 1993 Many mental health studies in relation
to environmental noise have been examined, most of
them concerning air and road traffic noise, which have
obtained consistent results especially on psychological
symptoms. “ Headaches ”, “ restless nights ”, “ irritability ” and “ tension and sharpness ” were related to
high noise levels caused by air traffic in adult subjects.
(OPCS, 1971; Kokokusha, 1973; Finke, 1974) 6.
In the West London Survey, ‘depression’, ‘irritability’, ‘night vigil’ and ‘difficulty sleeping’
occurred more frequently in adult subjects in areas
exposed to aircraft noise. (Tarnopolsky et al., 1980) 7.
In the following years studies were carried out also
with the help of administration of questionnaires to
investigate impact of airport noise on restlessness,
fatigue and irritability: it was found that sensitivity
to noise was not related to any specific psychiatric
disorder but it was a predictor for future disturbance.

There is very little evidence in general of noise effects
on children’s mental health. A British study on
the subject (Stansfeld & Haines, 1997) 8 analyzed
number 169 children coming from 4 schools exposed
to airborne noise and number 171 children from 4
other schools with a lower noise levels. It hasn’t been
proved a direct effect of noise on depression, but in
general has been suggested a possible influence on
stress and well-being, as already shown from the results on adults.
Scientific literature collection by Makopa, Kenda et
al. 9 In 2014 divided the studies into three categories:
fundamental, experimental and epidemiological. The
former one identified noise as a source of stress, which also persists after exposure ceasing due to hormonal changes, in people subjected to noise of several
decibels. Experimental studies highlighted negative
effect of noise on attention, memory and ability to
perform a given task.
Epidemiological studies included research on performance of high school students who, in the presence
of disturbing noises, presented a cognitive impairment
and a reduction in school performance. To support these results, moreover, there is Pinche report of 2006
which recommends the reduction of noise as far as it
is a cause of long-term problems on children’s health. Various researches in various cities demostrate
a positive correlation between noise of 55- 60 dB on
one side and use of antidepressant drugs and necessity of psychiatric help on the other side.
Crombie’s 2011 1 study took a step forward by exploring potential implications of noise on prematurely
born and/or underweight at birth children. It doesn’t
mark any interaction between early biological risk and
mental health problems resulting from airborne an
road trafic noise at school.
However an early biological risk on mental health has
been found. Form incoherent results in studies about
correlation between children’s mental health and noise Dreger et al., 2015 10, founded their research. Pri-
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mary school children were exposed to noises from
different sources in their homes and then asked to
answer to different tests for day and night. Disorders
were assessed with Strengths and Difficulties (SDQ)
questionnaires submitted to partecipating children’s
parents. Results have suggested an association between emotional symptoms, behavioral problems
and hyperactivity on the one hand and children’s
exposure to noise sources in their homes on the other
hand. In 2015 Hjortebjerg conducted studies on behavioral problems accentuated by residential road traffic
noise in 7 years old children.
Analysys of children’s residential addresses from conception to 7 years of age and SDQ tests submitted to
parents, shown an increases of 7% on overall difficulties, 9% on hyperactivity disorder and attention deficit and a 5% for abnormal behavior and difficulty in
relationships, related to a 10 dB increase of average
traffic noise.
Shield and Dockrell 11 studies in 2000 analyzed researches not only interested to disturbance caused by
noise in external environment but also interested to
disturbance caused by interior noise in school classrooms. As in previous essays, conclusions have shown
that long exposure to noise in younger children has
a negative effect on their reading skills, including
difficulties in memory, attention and literacy and in
general in the field of language use.
Eventually a subjective survey was conducted by Astolfi and Pellerey in 2007 12 and concerned perceived
quality of the environment. Through the administration
of a questionnaire to a total number of 1006 students
on aspects such as acoustics, thermal quality, visual
impact and indoor air quality.
Results highlighted the need for acoustic treatments
even in small classrooms, negative influence of bad
acoustics on concentration and a more disturbing effect of intermittent noises than the one of constant
ones.
In this research was set the goal of administering que-
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stionnaires for the first time to children between the
ages of 5 and 7, assessing subjective perceptions in
relation to acoustic parameters that were measured in
classes they attended.

1.3 Learning disorder related to acoustics and perceived well-being
People affected by specific learning disorder (In Italian: disturbi specifici dell’apprendimento, DSA) have
a disorder to adequately understand and do tasks such
as reading, writing and calculating; they are called
dyslexia, dysgraphia and dysorthography, and dyscalculia, respectively.
Each one has its own specificity because it expresses deficit on respective skill necessary for learning
without affecting a general intellectual mechanism
and without being therefore connected to additional
cognitive disorders. They are usually diagnosed after 8
years of age because this is where acquisition and use
of these skills is needed and when the plasticity of the
auditory cortex has declined, but this does not exclude
the appearance of symptoms already from pre-school
age.
According to 2011 estimates by Istituto Superiore di
Sanità [Italian healthcare national organization] these
diseases affect Italian population with a percentage
between 2.5% and 3.5%.
A large number of researches have brought to light
correlations between specific learning disorders and
emotional and behavioural disorders with a 25-50%
coexistence: specifically, this phenomenon affects
behavioural disorders, depressive disorders, attention
deficit and hyperactivity disorders and anxiety problems.
The experiences of DSA affected subjects significantly
concern both self-esteem and motivations that push
them to learn, making their inclusion in school group
problematic: Interactions are complicated by a sense

1. Introduction

of inferiority resulting from their difficulty encountered
in the moment of learning compared to those of people around them.
This leads to a separation from the group to hide failures. If these failures are not connected to a specific
disorder they could cause a refusal of school duties
and implementation of defensive behaviours that hinder the diagnosis of such disorders.
Over the years, the possible causes of developmental
dyslexia, disorder on which this research focuses, have
been discussed, such as general cognitive deficits or
specific language disorders.
According to the phonological hypothesis (Vellutino,
1979; Snowling, 2000, 2001, Bishop and Snowling
2004) phonological awareness is the cause of reading difficulties; this concept is in fact linked to basic
sounds of language filing and processing. It is a man’s
ability to communicate his own ideas through a code
he created himself.
The basic unit of sound that builds up a linguistic system is called “phoneme”.
From this comes “phone” that represents sound generating waves of words as a unit that alters meaning of
a word: an example can be the sounds / p / and / b
/ in the words pat and bat. Two words that differ only
for a single phoneme, which determines a different
meaning, are called “Minimal pairs”. Each person has
an innate encoding ability, which deviates from the
ability to learn language.
Acoustic is physical basis on which language penetrates nervous system, acoustic perception is what will
install language in the brain, it will work better if speech intelligibility is better.
This is confirmed by Tomatis who in 1957 determined
the effect called Tomatis, based on 3 laws:
•

the first, “ voice contains what ear hears”, means
that the phonatory apparatus can only reproduce
frequencies that were perceived with the hearing
system ”Clarity of the exposure must be paired

with clear and clean sounds because otherwise
there would be a difficulty in understanding that
would affect the attention of the student and his
ability to memorize;
• the second, “ If the sounds can be restored to
the ear, the voice will immediately restore the
missing sounds ”, led him to develop the first
electronic ear to make permanent changes in the
individual’s listening and voice;
• the third: “ If the ear is conditioned sufficiently
with one’s own voice with good quality, the changes will be maintained ”
This law stems from the discovery of Tomatis by improving the automatic listening through the electronic ear,
the changes made could be lasting.
1.3.1 Dyslexia
Dyslexia is a disorder that results in inability to read
affecting both speed, accuracy and comprehension. According to the estimates of the Italian Dyslexia Association (AID) in Italy it is present in about 4 students
out of 100.
There are many causes and they range from general
cognitive disabilities to more specific language disabilities: the aforementioned deficit of phonological
hypothesis ( Vellutino, 1979; Snowling, 2000, 2001,
Bishop and Snowling 2004) that does not allow the
management of phonemes, basic sounds of language, and therefore their cataloguing and re-elaboration
through the mapping of the word, its segmentation and
the discrimination of the various sounds, from which
springs the ability to learn writing that is nothing but
representation of sounds in a graphical form.
For a correct reading cooperation of different brain
areas is essential. This type of connection is not the
same for dyslexics and for normal readers. For the
former, any action performed beyond a certain speed
is not acquired correctly due to problems in the synchronization of processes.
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There are two tests to diagnose dyslexia based both on
word and not-words lists and passages: a) the reading
speed calculated in syllables per second; b) the correctness of the reading calculated in number of errors
committed.
By diagnostic definition, if the reading speed of a
subject deviates from the mean of 2 standard deviations, the interval within which the mean of syllables
read per second can fluctuate, the subject is certifiable
as dyslexic.
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2. Methodology

2.1 Participants in the project
2.1.1 Schools
First year of experimentation of the project took place
between 2015 and 2016 involving a total number of
five classes of “Roberto D’Azeglio” didactic direction
of Turin. With project “Io Ascolto 2”, developed in
2016-2017, the consensus broadened, twelve classes
took part with involvement of seven different primary
schools, all located in the municipal area of Turin, not
far from city centre in areas more or less exposed to
traffic, as shown by the descriptions below.
Three nursery schools also took part in the project
but these were not taken into account in the analysis. Schools differ from one another by year of construction, location and architectural features. Even
classrooms in the same school have been selected
in order to have different acoustic characteristics, in
order to understand the role of good acoustics in the
process of research.
The following didactic directions were examined:
•
•
•
•

I.C. D’Azeglio: Primary School Roberto D’Azeglio
(1A, 1B, 1C), Primary School San Giovanni Bosco
(1D), Primary School San Giacomo (1A).
I. C. Ricasoli: Primary School Ludovico Antonio
Muratori (1A, 1B), Primary School Leone Fontana
(1B, 1C).
I. C. Manzoni: Primary School Antonio Rayneri
(1E)
I. C. Regio Parco: Primary School Michele Lessona, branch of Via Fiochetto (1E).

Each classroom has been characterized from dimensional point of view through inspection and survey
defining orientation of the building, volume of room,
architectural composition, materials and furniture. For
acoustic assessment purpose, spaces adjacent to clas-
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srooms were also considered. They’ve been later classified according to type of noise that could occur there
and, consequently, to disturbance they could cause:
•
•
•
•
•

Corridor, stairs;
Classroom and other premises for educational purposes;
Toilet;
Street;
Inner courtyard, garden.

Dimensions of classrooms are between 6-7m and lengths between 6.20 and 9m. The biggest variations
were found in ceilings heights starting from a minimum
of 2.90 meters up to 6 meters with flat or vaulted
ceilings, a feature that causes considerable acoustic
differences (the vaulted ceiling produces greater acoustic reverberation). Regarding materials, all the classrooms have plastered walls and ceilings, while the
floors are covered with ceramic tiles or linoleum. In
almost all the side walls there are furnishings, generally metallic or wooden shelves and bookcases. Some
classroom has already an acoustic treatment with
sound-absorbing panels.
What follows is a brief description of each school in
order to provide a historical framework - including year
of construction, renovation and restoration - and a territorial, architectural and structural framework. Knowledge of these features helps understanding different
acoustic behaviours.
Details of the classrooms are collected in summary
sheets attached to the essay.

2. Methodology

Fig. 1. Map of Turin with the location of the schools
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Roberto D’Azeglio Primary School
Years of construction:1846
Location in the urban context: Center. Predominantly residential area
Number of classes involved: 3
Average classroom volume: 250 m3 ca.
Average ceiling height: 4,75 m ca.
Type of ceiling: 1A: flat / 1B-1C: vaulted
Other notes: acoustic treatment with 16% perforated gypsum panels, spaced from the wall with an air
gap of 7.5 cm.
Fig. 2. Volumetry 1A Roberto D’azeglio

The school was built in 1846 on behalf of Società
degli Asili, it’s been expanded in 1890 and renovated
several times, the last of which in 1980. The school
has two stories above ground and consists of 21 classrooms and an internal courtyard. It is located in the
immediate vicinity of Gran Madre’s Church, the Po river
and Corso Casale in a predominantly residential area
but, despite its central position, it is not particularly
affected by road traffic noise. Involved classes, 1A, 1B
and 1C, are located on first floor and their rooms all
face two street side with low vehicle traffic intensity:
the first on Via Martiri della Libertà while the others
on Via Santorre di Santarosa. The three classrooms
have been acoustically treated previously, with acoustic treatment with 16% perforated gypsum panels,
spaced from the wall with an air gap of 7.5 cm. The
1B and 1C, located in the oldest part of the building,
are characterized by vaulted ceiling and thick perimeter walls; the 1A has instead a different architectural
shape having a false ceiling and a continuous glass
ribbon window on top of internal perimeter walls.

Fig. 3. Volumetry 1B Roberto D’azeglio

Fig. 4. Volumetry 1B Roberto D’azeglio
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Antonio Rayneri Primary School
Years of construction: 1882
Location in the urban context: very busy streets
with intense traffic
Number of classes involved: 2
Average classroom volume: 235 m3 ca.
Average ceiling height: 4,40 m ca.
Type of ceiling: vaulted
Other notes: expanded in 1899 to connect it to
gyms built in previous years
Fig. 5. Volumetry 1D Manzoni

Fig. 6. Volumetry 1E Manzoni

The school, which was completed in 1882, is one of
the first built specimen of a systematic project for
school buildings in Turin. The building was designed
to accommodate 65 classrooms and then expanded
in 1899 with an extension on Via Giacosa and Corso
Marconi to connect it to gyms built in previous years.
It was eventually raised with an extra story between
1919 and 1920 to accommodate 7 additional classrooms. The complex has four floors and his rectangular
floor plan encloses an internal courtyard.
It overlooks Corso Marconi and Via Madama Cristina,
very busy streets with intense traffic. The building,
given the size, houses both primary and secondary
section of first degree and nursery school. The 1D and
1E classes have a similar configuration: both are on
the first floor of the building, overlooking the inner
courtyard and are they have a vaulted ceiling.
Leone Fontana Primary School

Fig. 7. Volumetry 1B Fontana

Years of construction: 1891
Location in the urban context: Vanchiglia district, near center. Average vehicular traffic
Number of classes involved: 2
Average classroom volume: 250 m3 ca.
Average ceiling height: 4,50 m ca.
Type of ceiling: 1C: flat / 1B: vaulted
Other notes: expanded in 1919.
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The school building, originally named as Vanchiglia
School, was built in 1891, on the legacy of a previously existing school nearby. In 1919 it was expanded with construction of 16 new classrooms and a
gym. The masonry building consists of three stories
above ground, a basement and an inner courtyard. The
building is located in the heart of Vanchiglia district, in
an area with average vehicular traffic, mainly due to
closeness to Corso Regina Margherita.
The two classes involved in the project, both located
on the first floor of the building, show different characteristics: the 1B faces the street and has a vaulted
ceiling, while the 1C faces the inner courtyard and the
ceiling is flat with lowered beams.

Fig. 8. Volumetry 1C Fontana

San Giovanni Bosco Primary School
Years of construction: 1904
Location in the urban context: Before hill. Vehicular traffic not intense
Number of classes involved: 1
Average classroom volume: 135 m3 ca.
Average ceiling height: 3,50 m ca.
Type of ceiling: inclined
Other notes: acoustic revamping with installation of
false ceiling
Built between 1903 and 1904, the building is located
in an area before hills where vehicular traffic is not
intense. The building with a rectangular plan is developed on four floors with a basement, partially underground, and it has an internal courtyard. The 1D class
is located on the first floor of the building, overlooking
Via Manara and is adjoining a toilet. The classroom
has had an acoustic revamping with installation of a
false ceiling.
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Fig. 9. Volumetry 1D Don Bosco

2. Methodology

San Giacomo Primary School
Years of construction: 1975
Location in the urban context: Vanchiglia district, near center
Number of classes involved: 1
Average classroom volume: 135 m3 ca.
Average ceiling height: 3,50 m ca.
Type of ceiling: sloped
Other notes: Position inside a large park-garden.
One curved perimeter wall bordering the gym
Fig. 10. Volumetry 1A San Giacomo

As a branch of the D’Azeglio primary school, it is located in residential educational community “Villaggio S.
Giacomo”, on a Turin hill. Built in 1975, the building
stands on a surface of 6000 square meters, of which
over 5400 used as courtyard and garden. The complex has a square floor plan and only one floor above
ground.
Thanks to a particularly privileged position inside a large park-garden, placed on a raised level, the school is
not affected by traffic noise which is also quite small
in the area. The class under examination overlooks the
school’s private park and has a sloped ceiling and a
portion of a curved perimeter wall bordering the gym.
Ludovico Antonio Muratori Primary School
Years of construction: 1913
Location in the urban context: Vanchiglia district, near center.
Number of classes involved: 2
Average classroom volume: 270 m3 ca.
Average ceiling height: 4,60 m ca.
Type of ceiling: flat
Other notes: extended in 1914. Two-storey elevation of the central body in 1924. filter space between
the road

Fig. 11. Volumetry 1A Muratori
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Built in Vanchiglia district and finished in 1913, it
occupies an entire block and houses 18 classes. In
1914 the building was extended to host another 17
classrooms, a new gym and a complete system of
showers and toilets. A new two-storey elevation of
the central body was carried out in 1924 to increase
capacity of the school. The building currently houses
on the ground floor a municipal nursery school, named
“Vanchiglietta”, laboratories of the City of Turin and
two gyms. The complex consists of three floors above
ground and is located next to Corso Belgio, but is separated from the road by a large courtyard overlooked
by the two classrooms under examination, both located on the ground floor. The presence of a filter space
between the road and the school building partially mitigates the impact of a very intense traffic in the area.

Fig. 12. Volumetry 1B Muratori

Michele Lessona Primary School
Years of construction: 1966
Location in the urban context: Near center. Not
very congested by road traffic
Number of classes involved: 2
Average classroom volume: 270 m3 ca.
Average ceiling height: 3,00 m ca.
Type of ceiling: flat
Other notes: majority of students from foreign families
The branch of Via Fiochetto was built in 1966. The
majority of students here comes from foreign families. The C-shaped building is located in the immediate
vicinity of Corso Regina Margherita and Corso Regio
Parco, in an area that is not very congested by road
traffic.
The 1E, the only class joining the project, is on the
first floor of the building and overlooks Via Fiochetto.
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Fig. 13. Volumetry 1E Fiochetto
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2.1.2 Subjects
With seven schools participating to the project it’s
been involved a total number of 239 children in twelve classes.
After a meeting where the research project was presented together with its goal to achieve an improvement
in learning, parents of eleven children denied their
consent for children to take part to the study. Also
twenty children were not involved in the tests due to
their cognitive deficits or because of their late enrolment in classes.
However, attention was paid to involvement of the
latter in the project in order not to fuel a sense of
marginalization. The data acquired for the remaining
208 children were therefore effectively included in
the processing.
The entire survey was carried out on first grade classes
because, in order to obtain the results, the age of the
investigated subjects should not exceed the limit of
8 years, age beyond which neuronal plasticity is no
longer so high and editable.
The focus group consisted of 63% of subjects aged 6
years, 36% of 7 years old children and only 1% of 8
years old subjects. The gender ratio sees the number
of males, 59%, prevailing over that of females, 41%.
77% of the sample has Italian mother tongue but it
was also important to consider that 23% of the sample, as emerged from the data, in their family context
uses as first language Romanian, Moroccan, English,
German, Spanish, Albanian, Egyptian.
It is also highlighted that some subjects declared to
speak a second language besides Italian. These conditions, together with social status of which implicit data
are obtained deriving from the different distribution on
the territory, which can be in the centre, in the hills
or popular, contribute to influence degree of learning.
The 12 classes were divided into two groups of 6 according to the administration of an auditory-phonolo-

gical enhancement program because, for the research
purpose, it was essential to have a control mechanism.
Therefore, after the acquisition of cognitive test results at the beginning of the observation period (around
November 2016), only six classes have joined their
regular school curriculum with the additional programme to strengthen their skills.
102 children from:
• 1A, 1B and 1C of Roberto D’Azeglio primary school;
• 1D of Rayneri primary school;
• 1A and 1B of Ludovico Antonio Muratori primary
school.
The remaining 96 subjects worked as a “control” group
so only initial, intermediate and finals tests were submitted to them. They belonging to the classes:
• 1D of San Giovanni Bosco primary school;
• 1A of San Giacomo primary school;
• 1E of Rayneri primary school,
• 1B and 1C of Leone Fontana primary school,
• 1E of Michele Lessona primary school, branch of
Via Fiochetto.
The sample group split has been made out after initial
phase of the project, in which all children underwent
cognitive tests, in order to create two homogeneous
subgroups whose cognitive abilities were not yet conditioned by literacy process. The questionnaires, on
the other hand, were submitted to all subjects without
distinction and the apart from program followed and
subjective abilities of children.
In addition to the subdivision of the classes into
groups according to whether or not the enhancement
programme was administered, two other subgroups
were identified on the basis of the criteria of “good”
and “bad” acoustics, in order to study the combined
effect of the environmental acoustics conditions and
the enhancement on the subjective responses of the
children acquired through the questionnaires.
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2.2 Questionnaires processing

2.2.1. Wellbeing Perception Questionnaire

Individuals participating to the project received two
questionnaires: one on perception of well-being and
one on perception of noise. Introduction part concerned in both cases general questions to provide information about individual child. It’s been asked to state
age, gender, number of people living at home with
them, language used to communicate with family and
the most peaceful place known by each of them.

Fig. 14.1 First page of well-being questionnaire

Fig. 14. Introductory questions of the questionnaires

Questionnaires were the tool to evaluate subjective
perceptions of each individual child, through both classification of some aspects of their life and their wellbeing, and their evaluation of classroom acoustics.
The compilation took place inside the classrooms where the didactic activity takes place every day, and it
has always been assisted by the team of researchers
of the Polytechnic of Turin and teachers who answered
to any possible doubt on the meaning of questions.
All the results of the questionnaires were collected and
averaged by class, and then distributed in the form of
diagrams and graphs in reports easily accessible by
teachers, as shown in the annexes of this thesis work.
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Questionnaires on the perception of well-being were
developed on the basis of the study conducted by New
Philanthropy Capital (NPC) a charitable organization
in London that produces reports on social welfare to
channel funding and to raise awareness in donors. In
2013 the organization has been charged to modify
and to develop the tools to measure well-being of
young people with special educational needs (SEN).
Welfare can be objective, if we talk about health and
wealth, and subjective, if we consider interpersonal
relationships and self perception of the individual. In
this project welfare has been analysed as subjective
and treated as a sense of self- esteem.
Previous analysis, used both in schools and in any
body dealing with young people, measured well-being
with objective parameters such as school attendance
or participation in sports while NPC activity aims to
enhance subjective aspects using them as unique approach to welfare evaluation, recording how subjects
assess different aspects of their life. Measurements
are made through a questionnaire of 41 questions
submitted to children aged 11 to 16, who evaluate
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there eight aspects of well-being: self-esteem, emotional well-being, resilience, community, school, family,
friends, and overall satisfaction with life. With laws
change and greater support for children with special
educational needs (SEN), there was a need to adapt
questionnaires in order to measure well-being of younger children. Thus NPC undertook an updating process
of the questionnaires in collaboration with a team of
educational psychologists and experts in the field.

The result was a shorter questionnaire, with clearer
sentences, with a simpler language and with use of
same scale and same visual representations for the entire measurement, in order to make compilation more
comprehensible.
Other levels have been studied for younger children in
such a way that they are able to compile them autonomously and request support only in case of need.

Table 1. Adaptations of the welfare measure for different levels of education (from article by Sabri et al. 14.

Table 2. “Level 1”, i.e. the lowest in terms of need within the population studied (from article by Sabri et al.) 14
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The chosen questions in this research, starting from
those proposed by article by Sabri et al. 14, Included
4 sections of three questions each, for a total of 12,
plus a scale of happiness:
1. How much do you agree with each sentence? (Yes;
Not sure; No)
A I am proud of myself
B I’m serene
C I have a lot of fun
2. How much do you agree with each sentence? (Yes;
Not sure; No)
A Lots of things about me are good
B I feel pleased with myself
C I am a cheerful child
3. How much do you agree with each sentence? (Yes;
Not sure; No)
A My home is a good place to relax
B I enjoy myself with my friends
C My friends help me if I need it
4. How much do you agree with each sentence? (Yes;
Not sure; No)
A I like being in school
B I feel safe at school
C I feel like I fit in at school
5. How happy are you?
Put a cross on the number corresponding to your degree of happiness

Fig. 15. Questions from well-being questionnaire
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2.2.2. Noise perception questionnaire

tural noises. The second group, composed of sections
5 and 6, examines perception of noise arising not
only from the environment, but also from the students
themselves when they are performing a collective task
or when they are in silence.
Finally, the last two sections concern perception of
quality of voice, including teacher’s voice and students’ ones. All sections have a question on perception of
noise and one on disturbance causes by it.
The questions are as follows:
1. When you are in classroom, do you hear..
A Traffic Noise? (Yes; No)
B If Yes, how much does this noise disturb you? (A
little; Quite; A lot)

Fig. 16. First page of noise questionnaire

Questionnaire about noise has been elaborated thanks
to scientific literature, in particular to article by Astolfi
A. and Pellerey F., 2007 12.
The above mentioned article proposes a study on perception of various environmental aspects including
acoustics. Thus, for that research, a questionnaire
was developed, validated with several pilot tests, on
the intensity and disturbance of average perceived
noise in the classroom, reverberation and voice quality of students and teachers. This questionnaire has
been simplified for this thesis work to be given to
very young children. In the original version, in fact, in
addition to being much longer, there were also more
complicated terms, since it was administered to high
school students.
Beginning with this example, questions have been divided in three groups, the first of which contains questions on disturbance from external, internal and na-

2. When you are in classroom, do you hear..
A ambulance, firemen and police sirens? (Yes; No)
B If Yes, how much does this noise disturb you? (A
little; Quite; A lot)
3. When you are in classroom, do you hear..
A sounds of radios or recorders coming from other classrooms or from the corridor? (Yes; No)
B If Yes, how much does this noise disturb you? (A
little; Quite; A lot)
4. When you are in classroom, do you hear..
A rain noise if it’s raining outside? (Yes; No)
B If Yes, how much does this noise disturb you? (A
little; Quite; A lot)
5. When you are in classroom...
A the noise present when you perform a task in silence
seems you... (Low; Medium; High)
B How much does this noise disturb you? (A little;
Quite; A lot)
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6. When you are in classroom...
A the noise present when you’re working in a group
seems to you... (Low; Medium; High)
B How much does this noise disturb you? (A little;
Quite; A lot)
7. You’re in classroom. How do you hear the teacher’s
voice if...
A you are in silence while she is talking? (Good; Quite
good; Bad)
8. You’re in classroom. How do you hear your classmate’s voice if...
A he or she is answering to the teacher? (Good; Quite
good; Bad)

Fig. 17. Questions from noise questionnaire
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2.3 Acoustic characterization of classrooms
Acoustic comfort, defined as the psychophysical condition of satisfying acoustic needs expressed by a
person who’s carrying out a given activity, is essential reference for understanding the good acoustics
of an environment. Environments mainly intended for
comprehension of speech, such as classrooms, require
noise, reverberation and speech intelligibility control.
The goal is to eliminate disturbance, defined as temporary alteration of psychophysical conditions caused
by presence of noise, as well as main cause of reduced comprehension of speech, reduced concentration
ability, source of annoyance and feeling of frustration
attributable to noise and other psycho-sociological factors combined effect.
Poor speech intelligibility can hinder teaching and,
consequently, weigh heavily on student’s learning,
especially in early years of the educational program. In
contrast, in a properly designed classroom, auditory
stimuli are clearly and distinctively perceived, bringing
considerable benefits to both pupils and teachers.
A good acoustics, in deed, increases the amount of
words, phrases and in general concepts understood,
giving a rise in auditory processing of subjects. Benefits are not only found in quality of learning, but also
in help to teachers who will not have to use excessive
vocal effort trying to be understood.
As in most of the classes examined, high values of
reverberation and noise prevail over clarity, also due
to a lack of a national regulation, there are no limits
to maximum values for these parameters nor specifications for design of dedicated environments.

2.3.1 Measured acoustic parameters
For evaluation of noise level (LN) we consider the
LAeq and LA90 acoustic parameters based on 3 minutes acquisition periods:
Equivalent level of background noise,
L Aeq [dB]. L eq is the sound level in decibels equivalent
to the total sound energy measured over a stated period of time. L Aeq is the sound level in decibels equivalent to the total A-weighted sound energy measured
over a stated period of time.
Percentile level of background noise,
L A90 [dB]. It is the noise level that is exceeded for
90% of the measurement period.
The legislation, UNI 11367:2010 15 and UNI
11532:2018 16, currently does not provide optimal
reference values regarding measures of the noise level in the occupied classroom, nor for any result of
L A90. The only comparable one among measured values, is equivalent level of background noise in an
empty classroom. BB93 17 indicates that optimal value
for this parameter must be ≤40 dBA in the case of
existing school buildings or ≤35 dBA in the case of
new school buildings.
For evaluation of speech signal level (L S) we consider:
Equivalent signal level, L Aeq [dB], with
“normal” voice stress corresponding to 60 dB(A) at
1m in anechoic conditions in accordance with IEC
60268-16 18 spec.
Speech intelligibility, defined as percentage of words
or phrases understood on totality of those spoken during verbal communication, is measured by:
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Speech Transmission Index for Public
Address systems, STIPA [-]. Index of transmission
of the speech, is the main indicator of the intelligibility in a room. It was acquired according to IEC 6026816 18 spec. Measured values were then compared with
UNI 11367:2010 15 recommended values. According to
UNI standards an optimal STIPA is a level
greater than or equal to 0,60. These measurements
did not provide relevant results for this project and
were therefore discarded.
Clarity, C 50, 0.5-1 kHz [dB]. Describes the feeling of clearly perceiving speech and depends on distance of detection point from source. This parameter was
measured according to UNI EN ISO 3382-1:2008 19;
values obtained were compared with recommended values expressed by UNI 11367:2010 15, which indicates
as optimal a value greater than or equal to 0 dB.

Formula uses values 0.5-1 kHz for C 50 and L S values
are obtained point by point, while for LN is used average equivalent level of the measurements taken in
the occupied classroom with children in silence, L Aeq
SIL. Optimal value used refers to considerations presented in “Speech Intelligibility Studies in Classrooms” by J.S. Bradley in which the datum is considered
positive when it is greater than 1.
Signal-to-Noise Ratio, SNR A [dB]. It is
defined as difference between Signal Level (L S) and
Noise Level (LN), considered as L Aeq in occupied classroom with children in silence. It depends on acoustic
characteristics of teacher’s voice, distance between
speaker and listener, presence of background noise,
distance between listener and specific noise sources.
It was obtained point by point using formula:
SNR = L S - LN [dB]

Useful / detrimental ratio, U 50, 0.5-1
[dB]. Similar to the C 50, 0.5-1 kHz, it expresses relakHz
tionship between useful sound, which includes direct
sound and early reflections, and harmful sound, which
combines subsequent reflections and background noise.
Although is not defined a range of frequencies within
it must be calculated, it is used C 50 range, contained in
U 50 formula, which by regulations considers frequency
bands between 500 and 1000 Hz. The parameter was
calculated with the formula obtained from article “On
the combined effects of signal-to-noise ratio and room
acoustics on speech intelligibility” by JS Bradley, RD
Reich, and SG Norcross:
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In which L S is calculated point by point while average
noise levels is used for LN. Values obtained were compared with optimal values expressed in literature by
Picard & Bradley, according to which the optimal value
is greater than or equal to 15 dB.
For evaluation of reverberation we consider:
Reverberation time, T 20, 0.250-2 kHz, occ, T 20,
[s]. It is the time necessary for the sound
0.5-1 kHz, unocc
level to decrease by 60 dB from switching off instant
of sound source. It describes sound reverberation perception, i.e. how much the environment changes the
sound. It was measured according to the UNI EN ISO
3382-1:2008 19 standards, with integrating impulse response in reverse method. The SWEEP signal, emitted
from source in occupied classroom, and the clapper in
empty classroom were used for the measurement. In
the first case results were averaged to obtain a value related to the whole environment, which means
that environment average was calculated considering
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values of individual reverberation times obtained for
each position point of phonometer. Optimal values to
refer to are not unique values, they’re linked to volume of the classroom. For this reason, the reference
value, which should never be exceeded, was calculated for each classroom using formulas from to two
different regulations.
- DIN 18041:2004 20 (not binding regulation in Italy)
defines optimal values according to volume of the classroom, frequency in octave bands and activity taking
place within the environment (teaching):
T 20, 0.250-2 kHz, occ = 0.32 g (V) - 0.17 [s]
- UNI 11367:2010 standard instead gives indications
for reverberation time in empty classroom for environments used for speech:
T 20, 0.5-1 kHz, unocc = 0.32 lg (V) + 0.03 [s]

2.4 Data acquisition: the measuring
protocol
Measurements to assess acoustic comfort of the classrooms were carried out in May and June 2017. In
agreement with the teachers and the availability of the
children, a team of a minimum of 2 and a maximum
of 6 people took care of transporting the technical
equipment for data acquisition to the various schools.
The methodology adopted to obtain the acoustical response has been previously agreed so as to always use
the same methodology for all classes
Livello di rumore LN, included traffic noise and
other external noise in general, noise from the corridor
and from the other adjacent classrooms. It is measured at 3-minute acquisition intervals measured by
the phonometer model “ NTi XL2 ”, at the height of
1,10m and calibrated weekly using a special Larson

Davis calibrator that emits a known signal of 94 dB
at a frequency of 1000 Hz. Measurements were made
at 2 or 3 general points in the classroom under three
conditions:
• classroom occupied measurement, with children
engaged in activities of various kinds that could
be group-based, under the guidance of the teacher, or free in which the children could decide
what to do;
• measurement carried out in occupied classroom
with children in silence;
• measurement performed unoccupied classroom
Measurements were made at a full scale of 10 - 110
dB.
Equivalent signal level, L Aeq measured at each
point by phonometer
• At Ref1, Ref2, one meter respectively from sources S1 S2, with the phonometer at a height of
1,50 m;
• At points 1,2 on the central axis of the classroom,
3 on the perpendicular axis, and at the off-centre
point 4. (Fig 18-19)
Speech Transmission Index for Public Address
systems, calculated using the signal emitted by the
source “ NTi Audio TalkBox “, which reproduces the
teacher’s vocal effort during school activity as it is
characterized by a directivity diagram similar to that
of the human voice. To simulate the height of the
teacher’s mouth, the source was placed at a height
of 1.50 m and placed at points S1 and S2. For this
measurement the source has issued a STIPA signal
that is a version of STI that uses a simplified method
and a test signal. In this signal, each octave band
is simultaneously modulated with two modulation frequencies distributed in a balanced way between the
octave bands. A STIPA measurement usually takes 15
to 25 seconds.
The measurements were recorded by the phonometer
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placed in the Rif at height of 1.50 m and 1.10 m at
the other points.
Clarity, C 50 0,5-1kHz [dB] The values taken in analysis
are those obtained from the SWEEP analyses emitted
by the source. It is a signal composed of a pure tone
whose frequency increases over time with a certain
trend. A sequence of three logarithmic SWEEPs shall
be used, whereby the energy is greater at low frequencies, with an initial frequency of 100 hz and a
final frequency of 20000 hz. The silence between one
SWEEP and another is 1 second. A SWEEP measurement takes approximately 20 seconds.
The measurements were recorded by the phonometer
placed in the Rif at a height of 1.50 m and 1.10 m at
the other points. (Fig.18-19)

Fig. 18. Plan1E Fiochetto

Reverberation time
• T 20, 0,250-2 kHz, occ . [s] The occupied classroom reverberation time was measured when the SWEEP
signal was output from the source. The values
recorded by the phonometer at each point marked in the environment (Fig. 18-19) and were
averaged in order to obtain a single value for the
entire environment.
• T 20,0.5-1 kHz, uncc [s]. Measurements of the unoccupied classroom reverberation time are taken using
the clapper and the phonometer in the various
corners of the room and in the central position.
They were carried out with the presence of two
operators, one of whom had the task of using the
clapper and the other recorded the measurements
using the phonometer in various generic points of
the environment.
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Fig. 19. Volumetry 1E Fiochetto
Points Height

Inclined distances between source
and points
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DATA COLLECTION

3. Data collections

3.1 Questionnaires
3.1.1 Perception of Well-Being
All answers have been classified on a spreadsheet for
analysis. Answers were there represented in a number format so that data could be easily compared and
related to acoustic measurements. For the first four
blocks of questions value 1 was assigned to the answer “ Yes ”, value 2 assigned to “ I do not know ” and
value 3 assigned to “ No ”.
To question number 5 were kept values as expressed
by children. In a scale from 0 to 10, each child had to
tick a number to express his level of happiness.
3.1.2 Noise perception
Same as results of wellness questionnaires, noise
questionnaires results have been classified on a spreadsheet in a number format. In this case, for questions providing answers: Yes / No , 1 / 2 values were
assigned respectively. In case of a positive outcome,
subjects were asked to quantify choosing between:
Little / Enough / Much , translated with numbers 1
/ 2 / 3. Same values were assigned respectively to
questions with answers Low / Medium / High and
Good / Quite well / Bad . Both for noise and wellness
questionnaires a higher number is associated to a greater discomfort.

3.2 Acoustic data
All values measured in each classroom were put in
a spreadsheet, within a table with lines representing
classes and columns indicating acoustic parameters.
In addition to pure values provided by the phonometer
point by point, averages resulting from values both
in central point and in different positions were calculated. Furthermore, for all parameters standard
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deviation and slope were also calculated. The latter
was fundamental to understand the propagation of a
parameter in the classroom as the average value does
not express the exact value and therefore does not
explain the alterations in the environment. The slope
instead represents the curve that best approximates
all the measured data: the more the curve is slope, the
more differences are present.
The following methods allowed to obtain requested
values:
• LN A90 and LN Aeq / L SA90 and L SAeq: Average level of values obtained in individual measurements
in different points of the environment was taken
into account. Values from the file _Report.txt
supplied directly from phonometer were put in the
table then the average level was calculated with
a mathematical formula.
• SNR: was calculated, for each point, as the difference between level of L S signal in the same
point and average of noise level L A in condition of
classroom occupied and children in silence.
• C 50: importing the .wav files provided by phonometer into Adobe Audition, it was possible to
obtain values related to this parameter with use
of Aurora plug-in. For each point in the classroom
where measurements were taken, three C 50 values
were obtained, these were subsequently averaged
to give a single value to each point. For this parameter average, slope and value at central point
were taken into account.
• U 50: these values were not obtained directly from
phonometer but were calculated using the formula
explained in the paragraph about measured parameters. In this case as well average, slope and
value at central point were taken into account.
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• T 20, 0.250-2 kHz, occ: as for the C 50, it was possible
to attribute to each point of the environment the
value of reverberation time by importing .wav file
into Audition software; results were then averaged in such a way to obtain a value related to
the whole environment, calculating the average
starting from individual reverberation times, point
by point.
• T 20, 0.5-1 kHz, unocc: in this case the values of empty classroom reverberation time were obtained
directly from the T60_Report.txt file supplied
by phonometer. Results were obtained in third
octave bands for which the average for central
band was calculated and subsequently averaged
to attribute a single parameter to the whole environment.

To describe the trend of distribution there are statistical indexes to identify a central tendency, a value able
to summarize the whole of observations and to better
represent disposition of data within the sample and
distribution of the same, returning a scalar to evaluate
existing data diversity.
In this study average was mainly used, evaluating dispersion through use of standard deviation.
Average is obtained with sum of all values divided
by number of observations in order to obtain a single
number to represent the entire sample and express
central tendency of the total of relative data in a phenomenon.
It turns out to be an important index whose defect
is total absence of a representation of dispersion of
data.

3.3 Statistical methods
Data collected was analysed and catalogued with
support of Microsoft Excel while the SPSS software
version 24, SPSS Inc. was used for statistical calculations.
With the help of Excel, graphs have been drawn to
allow us to highlight and, above all, to compare the
answers both between subjects belonging to good and
bad acoustics, and between Italians, happy and not
happy.

Standard deviation was used to measure dispersion of
the random variable around mean value. Being a measure of distance from average it is always positive.
The lower the value, the more concentrated data will
be, while a larger dispersion will be represented by a
larger value.

3.3.1 Statistical indexes
Once a series of measures is taken, statistics allow
extraction of information by ordering and analysing
data object of the study.
Precisely, descriptive statistics use specific indexes to
deal with synthesis and classification of information
referring to a given sample of data.

Once that indexes allowing description of data are
defined, it is necessary to find other indexes to represent instead a possible association. In statistics this
term is related to dependence of two or more variable
events, it helps to understand if the one changes,
the other changes too. This type of analysis is based
on covariance index, used itself to define correlation
between two variables.
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Covariance is the index that allows you to check
whether there is or not a linear dependence between
two statistical variables (X and Y):

It can be positive, when X and Y vary tendentially in
same direction, meaning that increasing X, Y tends to
grow as well and vice versa, negative, when the two
variables tend to vary in opposite directions, i.e. when
a variable grows the other tends instead to decrease,
or nothing, when there is no tendency of the two variables to vary simultaneously. In the latter case the
two variables are said to be linearly independent or
unrelated.
Correlation allows to study the intensity degree of dependence between pairs of variables:

Correlations
Correlation represents tendency of two variables to
vary together. Speaking of correlation, it is necessary
to specify two aspects: what kind of relationship exists
between the variables and what form does this relationship have?
The type can be linear or non-linear. Linear correlation
represented on a Cartesian coordinate system is as
close as possible to a straight line. For this reason,
as first variable increases or decreases, second one
increases or decreases, respectively.
The non-linear relation is identified on a Cartesian coordinate system by a parabola or a hyperbola, with a
curvilinear trend.
Form of relationship indicates instead direction and
entity. Direction is positive when at growth of a variable, the other one also grows. On the contrary,
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it is negative when one increases and the other decreases and vice versa. Entity instead indicates how
strong is the existing relationship between considered
variables. The more the values are grouped along a
straight line the more this relationship is robust. In a
situation where values are dispersed evenly there is no
relationship between the two variables.
In order to explain relationships between variables in
terms of direction and entity, it is necessary to introduce the concept of correlation coefficient. It is
a standardized value and ranges between +1.00 a
perfect positive correlation and -1.00 expressing a
perfect negative correlation. If correlation is equal to
0 it means there is no relationship between variables.
At different scales of the variable correspond different
types of coefficients.
Pearson’s correlation coefficient r
This coefficient is used to evaluate correlation between variables that have equivalent ranges or ratios. It
needs a basic hypothesis that provides a linear arrangement of data so it only shows linear correlations. It
is calculated as the sum of the standardized products
of the two zx and zy variables divided by number of
observations or number of subjects.

for calculations the following formula, derived from
previous, one is used:

To determine if correlation is significant, the sample
distribution of r in correspondence with degrees of freedom N-2 of the coefficient needs to be checked in
appropriate tables.
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Spearman’s rs coefficient
It is a coefficient used to measure an ordinal type of
correlation between the two variables. It is an approximation of Pearson’s coefficient and is calculated with
the following formula:

where [di] expresses difference between ranks of variables for i-th subject.
Unlike Pearson’s coefficient, it can also measure non-linear correlations: if value of coefficient is similar to
Pearson’s one, there is a linear relation, otherwise it
is non-linear one. Relationship between variables is
expressed considering concordant or discordant positions for each object in the two rankings.
This coefficient flaws in an excessive estimate for correlation when many ranks have at least one variable
in common. To verify significance of a correlation it is
necessary to make a quantitative estimate of probability that observed event is not due to chance:
it is necessary to introduce the p value to represents
this probability. It can only assume values between 0
and 1: a “p” value near 0 is a sign of high significance. To obtain a significant correlation, and not only a
statistically valid one, level of p value must be less
than 0.05 (5%) or, even better, near 0.01 (1%).
Correlations were made between subjective parameters (well-being - well-being, noise-noise and wellbeing - noise questionnaires) and between objective
parameters (acoustic data). In this way, existing links
within same category were established first. Later,
through correlations between questionnaires and acoustic parameters, reciprocal relationship existing between the two was sought. All correlations were made
by referring to the Pearson and Spearman coefficients
with two-tailed significance.

Normality and non-parametric tests
In order to use parametric estimates for analysis it is
essential to verify normal distribution of the data. For
this requirement to occur, data must be symmetrically
distributed making sample, mean, median and fashion
coincide, graphically creating a bell-shaped structure.
If distribution were to be asymmetric, non-parametric
estimates should be applied.
The Shapiro-Wilk is one of the tests that best checks
normality, especially for small samples.
It is expressed by a fraction comparing two alternative
estimators of variance σ 2:
numerator is a non-parametric estimator and denominator is a parametric estimator represented by sample
variance

The W statistic can assume values from 0 to 1. If the
value of W statistic is too small, the test rejects the
null hypothesis that sample values are distributed as a
normal random variable.
It was applied to understand if values related to answers from questionnaires were distributed normally
If the test confirms normality of distributions of analysed data, it is possible to proceed with parametric tests, such as ANOVA or variance analysis, otherwise it is
necessary to resort to non-parametric type tests.
The Kruskal-Wallis test is a non-parametric analysis
that allows to evaluate equality of medians of different groups, indicating whether these groups come
from the same population or from population with an
equal median.
It represents a non-parametric corresponding to variance in which rank replaces data and is therefore
applied when a normal population distribution can not
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be assumed.

This test also takes into consideration more than two
situations in order to indicate if there are significant
differences within the group.
Having assessed presence of differences, the
Mann-Whitney U test compares solutions in couples to
verify exactly where these are located.

Linear regression
A regression analyses the nature and intensity of a
linear relationship between two variables, of which
one depends on the other, or at least one is measured
without error.
To determine the line best suited to the data, the
method of least squares shall be used, which consists
in finding a function that minimises the sum of the
squares of the distances between the data observed
and that of the curve representing the function itself.

Both tests assuming a 95% significance level.
Significance of values is calculated through the p-value
(p), also called observed significance level, which in
statistics is a test used to verify a hypothesis. It indicates probability, given an observed result, of obtaining
another equal to that or more extreme.
This test is carried out assuming a null hypothesis
and a α threshold value which, by convention as in
calculations carried out in this study, is equivalent to
0.05. The latter will indicate the significance level of
the test.
If p > α, empirical evidence is not sufficiently contrary to null hypothesis and can not be rejected.
If p ≤ α, the empirical evidence is strongly
contrary to null hypothesis and must be refused making the data observed statistically significant.
If p ~ α it is necessary to evaluate more
carefully because the significance is doubtful.

38

Regressions were used to graphically explain the relationship between subjective and objective parameters
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4. Results

4.1

Analysis of acoustic data

Data collected during acoustic measurements, catalogued class by class, reflect the current condition,
showing that in most cases parameters values are too
high and acoustics of the classroom hinders a good
performance of activity at school.
Graphs allow to compare obtained values with optimal ones in relation to word listening. They allow to
identify situations with the best acoustics in relation
to most significant parameters such as reverberation
time, clarity and noise and signal levels .

The occupied classroom reverberation time (T 20, 0,250-2
), which can be referred to listener’s perception,
kHz, occ
is one of the most significant acoustics parameters.
Almost all measured classes exceed optimal values deriving from DIN 18041:2004. (Chart ...)
Particularly the T 20, 0,250-2 kHz, occ considerably differs
from reference in classes of the Muratori and Fontana
schools and 1D of the Manzoni school.
Best values, closer to those proposed by legislation,
are found in classes that have undergone acoustic corrections, that is in the classes of the D’Azeglio school
and in that of Don Bosco.

Chart 1. Occupied classroom reverberation time, T 20

For noise it was evaluated the only parameter comparable with legislation, the BB93, that is the background noise in empty classroom L Aeq_unocc.
Indicated value, 40 dB(A), is exceeded in the Muratori
classes 1A and 1B, Fontana 1C and 1D and Manzoni

1E. They have respectively values of 43,0 - 42,3 45,6 - 48,9 - 42,2 dB(A). (Chart 1)
From comparison of parameter in the elaborated
graphs, no particularly relevant situations emerged in
relation to calculated background noise levels. (Chart2)
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Chart 2. Unoccupied classroom background noise L Aeq

Since parameters related to intelligibility of speech
are the most affected by distance from source and
consequently by position of measurement, in order to
compare classrooms with each other it was necessary

Chart 3. Clarity in the central position of the room, C 50
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to consider value in the central position of the room.
Analysed parameter was Clarity which, like other parameters, highlighted problems in some classrooms.
(chart 3)

4. Results

Indication provided by Italian standard UNI
11367:2010 has a limit value of 0 dB and therefore
considers higher than 0 dB values to be admissible,
showed inadequacy of 1B Muratori and 1B Fontana
classes, a limit condition of the 1C Fontana and 1B
D’Azeglio classes and good values in 1C D’Azeglio and
1D Don Bosco classes.
To improve analysis by including the distance factor
that affects C50, U50, SNRA, these parameters were
examined in form of slope graphs in order to include
distribution within the classroom.

In fact, it is possible to have a scenario in which values are satisfactory in certain points but they are not
in some others.
Distribution of speech intelligibility is important, when
the acoustic parameters that express it are evenly distributed, it means that acoustic condition of the classroom is better.
Values considered for this analysis were measured on
source axis and they demonstrated, as foreseeable,
that sound energy necessary for comprehension is not
uniformly distributed, but it decreases as it moves
away from the source.

Slope C 50 in Good Acoustics:

Chart 4. Slope of C50 of 1C D’Azeglio school

Chart 6. Slope of C50 of 1D Don Bosco

Slope C 50 in Bad Acoustics:

Chart 5. Slope of C50 of 1B Fontana

Chart 7. Slope of C50 of 1B Muratori
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Chart 8. Slope of C 50 of all classrooms
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Chart 9. Slope of L S of all classrooms
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Chart 10. Slope of SNR A of all classrooms
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Chart 11. Slope of U 50 of all classrooms
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Table 3. Comparison of measured acoustic parameters and optimal values

4.2 Division into groups and exclusion
criteria related to measured parameters
Because noise level in group activity was not measured
for all classrooms, it was decided to use reverberation
time as discriminator to divide classes into two groups.

After compared Values obtained from acoustic measurements to each other, obtaining stronger correlations
for noise level in group activities and for reverberation
time in conditions of occupied and empty classroom.
Pearson's correlation
LAeq_sil
LAeq_sil

1

LAeq_gr

,656

Ls_Rif

,579

Ls_M

,615

SNR_p

-,940**

SNR_M

-,959

U50_p

-,740

U50_M

*

LAeq_gr

**

,894

SNR_M

U50_p

U50_M

C50_p

C50_M

T20,Occ_M

T20unocc_M

1

-,682*

1

*

**

-,653

**

,980
*

*

-,623
*

-,649

,697

,898

**

*

,808

*

,662

**

,746

1

*

-,641
*

**

,864

-,617

C50_M
,757

1
,724

*

-,651

T20,Occ_M

*

,642

1

**

,814

**

,777

**

,925

**

-,846**

**

-,700

-,890

**

-,861

-,726

1

**

**

-,816

Table 4. correlation of Pearson between acoustic parameters.
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SNR_p

1

*

C50_p

T20unocc_M

Ls_M

1

*

**

Ls_Rif

**

*

1
-,892**
**

-,810

1
**

,930

1

*. La correlazione è significativa a livello 0,05 (a due code).timal values
**. The correlation is significant at the level of 0.01 (two tails).

4. Results

A threshold has been set for T20, above threshold are
classrooms defined by bad acoustics and below that
are classrooms characterized by good acoustics.

The threshold has been set around the value T20,
0,250-2 kHz, occ = 1 s. (Chart 5)

Chart 5. Occupied classroom reverberation time discriminating between good and bad acoustics with thereshold of 1s

Based on this threshold, the following two groups
emerged:

Bad acoustics:
Fontana 1B
Fontana 1C
Manzoni 1D
Muratori 1A
Muratori 1B

Good acoustics:
D’Azeglio 1A
D’Azeglio 1B
D’Azeglio 1C
Don Bosco 1D
Fiocchetto 1E
Manzoni 1E
San Giacomo 1A
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Same procedure was repeated dividing the groups on
the basis of other acoustic parameters, such as Clarity
with a threshold of 0 dB, and results were the same.
This confirmed legitimacy of subdivision, strengthened also by fact that reverberation time, compared to
other parameters such as STI, C 50, U 50, etc., does not
depend on distance between source and receiver and
is therefore more suitable to describe acoustic quality
of a classroom.
A second evaluation was made with the help of questionnaires, this lead to classify children into following
groups:
All subjects
Happy subjects
Unhappy subjects
In order to divide subjects in happy and non-happy
category, question No. 5 of the questionnaire of wellbeing (How happy are you?) has been used. Children
who indicated a value from 0 to 5 were considered
non-happy while happy were considered those who
indicated a value from 6 to 10. (Fig. 20)
Choice fell on this question because it appeared to be
the clearest one from the point of view of understanding, so the answers should be more accurate.
During data analysis anomalous values were detected.
This could be caused by several reasons: difficulty in
understanding the question, random answers, too positive answers.
In order to prevent these values from invalidating statistics, it was decided to proceed by calculating standard deviation both in wellness questionnaire (except
for question number 5, used to discriminate children),
and in that one relating to noise.
Afterwards, these results have been put in SPSS
software to highlight outliers, through the box plots.
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Fig 20. Happiness scale discriminating between happy and unhappy
children

In this way 19 children were excluded from the complete sample of 208 subjects.
Of the remaining 189 subjects, 110 children attended
school in classrooms classified with good acoustics and
79 children in those with bad acoustics.

4. Results

A further division between happy and unhappy subjects
identified 169 happy children, of which 99 were in
good acoustics and 70 in bad acoustics, while unhappy children were only 20, of which 11 were in good
acoustics and 9 were in bad acoustics.
4.3 Analysis of questionnaires results
A first important result was consistency of answers
given by children in relation to measured values of
classroom acoustics.
Considering all children, percentage of positive responses to perception of outside noise in the classroom
was found to be higher in classrooms classified with
good acoustics. (Chart 12)

This stems from the fact that in presence of less noise within the classroom, students can better perceive
outside noise.
But when asked about how much they were disturbed
by such noises, students in classrooms with bad acoustics were more annoyed by traffic noise, sirens and in
particular by technological sounds inside the Institute,
for the latter ones was found a significant p value of
0,043. (Chart 13 following pages)
Extrapolating the noise from sirens, its perception was
significantly higher in subjects in good acoustics, with
a p value of 0,011 but students in bad acoustics were
more disturbed, even if not in such a way to reach
significance.

Noise
All subjects

Chart 12. Average of the answers to questions 1/2/3/4 A of the questionnaire on the noise of all subjects
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Chart 13. Average of the answers to questions 1/2/3/4/5/6 B of the questionnaire on the noise of all subjects

Happy subjects
The same happens to the group of happy children,
which shows a significance not only for disturbance
from internal noise, with a p value of 0.015, but also
for disturbance from traffic noise, with a p value of
0.028. (Chart 16 following pages)

Chart 14. Average of the answers to questions 7-8 of the questionnaire
on the noise of all subjects
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Although a significance emerged with a p value of
0.014 indicating that children in good acoustics perceived more the noise of sirens, even in this case
subjects in bad acoustics showed greater disturbance.
(chart 15 following pages)

4. Results

Chart 15. Average of the answers to questions 1/2/3/4 A of the questionnaire on the noise of happy subjects

p value: 0.028

p value: 0.015

Chart 16. Average of the answers to questions 1/2/3/4/5/6 B of the questionnaire on the noise of happy subjects
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Unhappy children

Chart 17. Average of the answers to questions 7-8 of the questionnaire
on the noise of happy subjects

For unhappy children, an opposite trend has been recorded.
Although it was not possible to highlight a significance, also because of a too small sample, it was generally found that children in bad acoustics perceive noise
more, but those in good acoustics are considerably
more disturbed. (Chart 18-19)
As if a negative psychological aspect makes the former
less affected by this type of disorder than the latter.

Chart 18. Average of the answers to questions 1/2/3/4 A of the questionnaire on the noise of unhappy subjects
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Chart 19. Average of the answers to questions 1/2/3/4/5/6 B of the questionnaire on the noise of unhappy subjects

Chart 20. Average of the answers to questions 7-8 of the questionnaire
on the noise of unhappy subjects
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Well-being
From the chart 21-22 on results of well-being, we
note that serenity is parameter with highest average,
expressing the most negative evaluation, corresponding to lack of serenity of the subjects.
The lowest value, meaning a more positive evaluation,
is found, coherently, in case of happy children. (Chart
22)
All subjects

Chart 21. Average of the answers of the well-being of all subjects

Happy subjects

Chart 22. Average of the answers of the well-being of happy subjects
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In general, all values are clearly higher in unhappy
subjects, whom presented a discomfort situation in all
the aspects explored, with a greater distress detected
in subjects in good acoustics. (Chart 23, following pages)
Individual data, class by class, can be read in summary
sheets attached to this essay.

4. Results

Unhappy subjects

Chart 23. Average of the answers of the well-being of unhappy subjects

4.4 Relationship between objective
and subjective acoustic parameters
4.4.1 Regressions

As a result of the correlations between the
acoustic data and the questionnaires, the following regressions were analysed:
•

With increase in noise disturbance present when
students are carrying out a task in silence, intelligibility of speech, in this case evaluated through
the U 50, decreases. (chart 24)

•

noise present during a group activity in classroom
presented a correlation, both as its perception and
as a disturbance caused, with the slope of signal
level. (chart 25-26 following pages). Specifically,
when noise and related disturbance increase the
slope increases, this expresses non-uniformity inside the classroom.

•

The most important result that emerged from the
correlations between well-being perception and
acoustic data is represented by the regression
serenity and noise level in group activities shows
that when noise level increases, children’s perception of serenity decreases. (Chart 27 page 59)
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Chart 24. Regression between question 5B of noise questionnaire and average of U 50

Chart 25. Regression between question 6A of noise questionnaire and slope of speech signal level (L S)
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Chart 26. Regression between question 6B of noise questionnaire and slope of speech signal level (L S)

Chart 27. Regression between question 1B of well-being questionnaire and equivalent level of background noise in group activity
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5. Conclusion

Between 2016 and 2017 a survey was administrated
to 208 first-graders on effect of classroom acoustics
on subjective perceptions of well-being and noise, involving seven primary schools (12 classrooms in total)
in the municipality of Turin.
The twelve classrooms under examination in these
schools were different both in terms of acoustic characteristics, as in some cases they have had acoustic
treatments, in terms of position and influence of external noise and in terms of geometric characteristics.
The study involved subjects in age group between 5
and 7 years and its objectives were the following:
study of classrooms acoustics with in situ measurements;
• assessment of children’s perception of wellbeing and noise assessed through the administration of questionnaires;
• relationship between acoustics of classrooms
and perception of the subjects.
•

From the acoustic analysis , obtained from measurements carried out in each class by the research team,
it is clear the need for an acoustic treatment because
even classrooms that proved to be more suitable in
their function of transmitting the word, have flaws
that once solved could improve quality of learning.
Reverberation time, for example, despite reaching in
7 classes an acceptable value, lower than 1s, which
is the threshold to discriminate classes between good
and bad acoustics, only in one case reached optimal
level.
This issue can result from the fact that examined schools are historical buildings in which no particular attention has been paid to acoustic design.
Regarding children’s self-assessment of well-being
emerge, from analysis of questionnaires:

•

•

the serenity turned out to be the least positive
aspect as it always recorded the highest average values compared to other questions, highlighting a tendency for children to feel little serene.
for unhappy children there’s a decrease in wellbeing with significantly higher average values found especially in good acoustics.

This issue seems to link to fact that a less disturbing
environment amplifies a feeling of discomfort that
instead is weakened in an environment already compromised.
A critical issue arose from contacts with both pupils
and teachers for whom several presented questions
were difficult to be understood for children of this age.
In this regard, it will be necessary to work with new
professionals to adapt the questionnaire and replace
some terms.
Questions about perceived noise , disturbance and voice quality in the classroom were easier to understand.
Although the children in good acoustics stated that
they perceive more noises from traffic, rain and noises coming from inside, a consistency was found with
measured acoustic parameters so that in non-optimal
acoustics, where noise and reverberation recorded values were higher, the subjects were more disturbed,
confirming the acoustic analysis.
•

•

for happy children, the high disturbance caused by intrusive sounds from the same building in classes with poor acoustics was statistically significant
for unhappy children there was clearly a higher disturbance in children in good acoustics.

A possible interpretation is that an unhappy child who
is in a very noisy acoustic environment is less influenced by noise coming from outside.
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It would therefore seem that unhappy children have
a different perception of noise from outside the classroom, which, being better distinguished because of
clarity of sounds, are more disturbing, causing a distraction of the subject.
In this questionnaire it’s been difficult for children to
answer to questions asking to rank perceived intensity
of noise, in ranks like low, medium or high, as it was
difficult for them to set a scale for evaluation.
It would therefore be advisable to re-elaborate these questions as previous ones, asking to state first if
noise is perceived in group activities or in silence and
then how much this creates disturbance.

Relationships between objective and subjective parameters, investigated through Pearson’s and Spearman’s correlations, after several tests including factorial analysis and linear mixed model, proved to be the
most suitable method for this analysis.
Correlations highlighted a little influence of acoustics
on well-being with some exceptions, for example is
reported that noise level in group activities in classroom has been correlated with serenity : when noise
level increases, serenity decreases.
This figure confirms a study carried out by Stansfeld &
Haines 8, in 1997, conducted on 8 schools exposed to
different levels of airborne noise. They highlighted the
influence of noise on stress and well-being.
The most important result obtained by correlation
between perception of noise and acoustic parameters
concerned noise disturbance in silence, resulting
increased as speech intelligibility decreases, provoking, for example, difficulty of understanding a task
explained by the teacher.
An important goal, both for the research and for design of classrooms in general, is to guarantee a suitable
acoustics for the function, which in this case is listening to spoken word.
In the specific field of this research there have been
cases in which lack of an acoustic treatment and sound
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concentrations due to geometric conformation of the
classroom, like presence of vaults, made the normal
course of lessons difficult, especially in situations where T20 exceeded threshold of 1s.
Moreover, an effect that arises from this type of environment is “ Lombard effect ” or “ Lombard reflex ” which is an involuntary tendency of the speaker, caused
by background noise preventing a person to clearly
perceive his own words, to increase the intensity of
voice thus creating even more disturbing circumstances.
It would be logical to think that the solution to this
problem is to put sound-absorbing panels that are able
to limit background noise and reverberation time and
ensure optimal conditions for learning.
Since acoustic treatment is expensive, it is necessary
to design classrooms considering that with geometric
and structural characteristics only is possible to improve quality of listening.
As found in some cases, it should be avoidable to
make holes in walls between classrooms, as for pipes
and other plants. It’s recommended to limit presence
of noisy systems inside classrooms, to make sure that
all doors and windows close perfectly and finally to
have furniture, both mobile and fixed, that can contribute to sound absorption of the environment.
Aim should be to remove acoustic defects also due
to space geometry, such as vaults, by integrating a
system of sound-absorbing panels to limit noise,
and diffusing panels to create spatial uniformity,
ensuring optimal levels of speech intelligibility at all
points of the classroom.
Design for schools is tending to provide flexibility
of spaces, a concept that is becoming fundamental for
educational places.

5. Conclusion

For this reason, is important to evaluate classroom
performances in various foreseeable configurations, to
make sure to implement an acoustic system that best
suits all various needs.
Ultimately, the designer should pay attention to integration of acoustic treatment in order to create, for
example with use of colours or shapes, a more stimulating environment for pupils.
In this way it would be easier to raise awareness on
such a theme as acoustics still too undervalued.
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