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Abstract: The effects of noise on students’ health, well-being, and learning are of growing concern
among both the general public and policy-makers in Europe. Several studies have highlighted the
consequences of noise on children’s learning and performance at school. This study investigates the
relationship between noise judgment in school goers aged 11–18 and noise measurements aimed
at evaluating their exposure at school. For this purpose, a questionnaire was administered to
521 individuals in 28 classrooms in eight schools of four cities in Italy, with different environmental
characteristics. Using a Likert-type scale, a selected set of responses related to noise generated
an Annoyance Index (AI) score for each student and a classroom median score (MAI). From the
noise data acquired, a global noise score (GNS) was assigned to each classroom. A higher AI was
found in industrialized areas and among younger students. No significant differences in noise
judgment were found by gender. A significant inverse correlation was described between MAI
and GNS, thus the better the acoustic quality of the classrooms, the less the perceived noise and
annoyance. The results show that noise perception and consequent disturbance are highly correlated
with classroom acoustics, and confirm that annoyance represents the most widespread subjective
response to noise.

Keywords: noise; environment; children; questionnaire; annoyance index; health; annoyance;
risk perception

1. Introduction

Noise is recognized as a major environmental issue, particularly in urban areas, affecting quality
of life and well-being [1]. According to the World Health Organization, noise ranks second among
the environmental risk factors to public health, only behind ultra-fine particulate matter (PM2.5) air
pollution [1]. An estimated 20 million adults are subjected to noise annoyance in Europe, and a
further eight million suffer sleep disturbance due to environmental noise [1,2]. Long-term exposure
to environmental noise can lead to hearing loss [3], endocrine effects [4], cardiovascular diseases [5],
and increased incidence of diabetes [6].

Noise influences mental, behavioral and neurological disorders that account for 3% of worldwide
deaths and 10% (or 15% as forecast in 2020) of the global burden of disease [7]. Children are particularly
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vulnerable to both auditory and non-auditory effects of environmental noise because of their reduced
ability to manage environmental stressors and less automatized cognitive functions [8,9]. The WHO
estimates that cognitive impairment is responsible for 45,000 healthy life years lost every year in
children aged between 7 and 19 from Western European countries [10].

Road traffic and aircraft noise at school can negatively affect the performance of school-age
children, disturbing children’s attention and motivation [11,12], reading comprehension [13,14],
short-term memory [15,16], and mathematical skills [17,18]. Associations were found between
increased hyperactivity symptomatology in children and both road traffic noise at home [19,20]
and traffic and aircraft noise at school [21,22]. In addition, there is some evidence that exposure to
long-term traffic noise may increase children’s blood pressure levels [23,24].

The noise in a classroom is made up of background noise (noise from external sources plus
noise transmitted from other areas of the school), in addition to internally generated noise [25].
In noisy and reverberant (i.e., when the noise takes time to fade away) classrooms, elementary
school children have greater difficulty in both speech perception and listening if compared to older
school-aged peers or adults [26–28]. Younger children appear to be less able to distinguish words
against background noise due to the higher-order cognitive functions (e.g., short-term storage) involved
in comprehension [27,29,30].

Recognizing the special need to protect children from the harmful effects of noise, the World
Health Organization Parma Declaration [31] called upon all stakeholders to cooperate for reducing
the exposure of children to noise. The call finds its completion in the aim pursued by the European
Union over the past 30 years to foster the growth of a “scientific citizenship” [32]. This implies the
realization of an efficient knowledge transfer and exchange among all the actors affected, involving
the general public, as well as experts, local authorities and all the relevant stakeholders in both the
natural and social sciences including risk communication. Their active involvement ensures more
effective problem-solving and decision-making, pivotal in the field of environmental health risk
management [33–35].

Risk perception, defined as an individual’s judgment of hazards which they might be exposed to,
is strictly connected to decision-making in strategies aimed at reducing the impact of environmental
health determinants [36]. This definition is not accepted by the whole scientific community.
Environmental education at school, when the child’s personality starts to be shaped and awareness
increases, plays a crucial role in the future risk perception. Children may not perceive environmental
noise as a major hazard, however they may be annoyed to a degree that interferes with their tasks.
A Danish survey reported that 19% of the responding children were frequently annoyed by noise during
school lessons, 19% did not suffer annoyance during lessons, and 62% were annoyed only sometimes by
noise [37]. In a Turkish study, high-school students perceived environmental noise as a medium-level
risk factor nonetheless the questionnaire results generally showed high risk perception and awareness
towards environmental factors [38]. An online questionnaire survey carried out on secondary school
pupils in England identified factors (e.g., ease of hearing, annoyance) that characterized children’s
perceptions of their school’s acoustical environment [39]. The proximity of schools to railways, or
activities related to it, resulted in a major cause of annoyance [40].

In Italy, during the GIOCONDA project (an acronym that translates as “Young voices count in
decisions on environment & health”) [41], local administrators applied an innovative methodology
aimed at mobilizing knowledge and involving young people in local decision making related to
environmental and health issues. The actions undertaken included the collection of air pollution and
noise data; a questionnaire exploring the judgment of environmental hazards and risks, meetings
with experts to understand the connection between the environment and health in their surrounding
areas. These activities provided children with a knowledge basis for the production of proposals
and recommendations regarding the local environment and health issues. They also provided
public administrations with the opportunity to explore and include students’ judgment in the
decision-making process.
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The pilot phase of the GIOCONDA project was carried out in four areas in Italy with different
demographic, social, and environmental conditions [42]. During this phase, a questionnaire was
administered to students, and noise was monitored at school, using an innovative global indicator
developed for the acoustical characterization of classrooms [43].

This article focuses on a crucial step in the management process, namely the creation of the
scientific evidence where to base the knowledge transfer: we research the correlation between annoyance
by a targeted public—the school goers—and measurement of noise in their classrooms and outside
their schools

2. Methods

2.1. Project Location and Participants

In the pilot phase, the GIOCONDA project involved four Italian areas distributed along the
national territory, with different socio-economic and environmental pressures: Naples, Taranto,
Ravenna, Lower Valdarno Valley.

Four lower secondary schools (age 11–13) and four upper secondary schools (age 14–18) participated
in the study. In each location, one of each type of school was selected. In the eight schools, 28 classes
participated, including 603 students, 521 of whom completed the questionnaires (students’ distribution
by school: min = 39, max = 93, mean = 65.13 ± SD = 16.86, median = 63.50).

The authorization to perform activities at school involving minors is agreed by parents signing
an inform consent at the beginning of the school year. The GIOCONDA project submitted a specific
request to all the parents for the use of images at school during GIOCONDA activities. Regarding the
ethical issues involved in the GIOCONDA activities (questionnaires, meetings, events) we received
specific directions in the framework of the advisory board, which included the responsible of Scientific
Secretariat of the Research Ethics and Bioethics Committee of the National Research Council. There
were two main activities regarding ethical issues, agreed by the advisory board: first, the text of
questionnaires, factsheets, educational material was systematically submitted to the advisory board
to monitor contents, carefully considering the risk of causing psychological trauma, fears for the
future and distrust towards the authorities. Second, the topics covered by GIOCONDA activities are
included in the school ordinary educational planning (both in the lower and the upper secondary
schools). Moreover, we consulted the legal requirements of the Tuscany Region Ethical Committee (Pisa,
the headquarter of the Institute of Clinical Physiology of the National Research Council, coordinator of
Gioconda project is in Tuscany Region). The Ethical Committees in Italy are regulated at the Regional
level (Ministerial Decree 8 February 2013), “Criteria for the composition and functioning of ethics
committees” (Criteri per la composizione e il funzionamento dei comitati etici). The Tuscany Region
Ethical Committee is competent for all the pediatric clinical research conducted on the Tuscan regional
territory for clinical trials involving the use of medicines, medical devices, supplements/food products,
diagnostic-therapeutic-medical-surgical procedures and biological samples.

2.2. Measurements of Annoyance Index

Data were collected using a self-administered printed questionnaire (with the teachers’ support,
if necessary) completed in the classroom. The questions, organized into different sections, were
designed to investigate the awareness of the presence of environmental disturbance, the risk perception
related to air pollution and noise, and behaviors related to environmental protection. A score to
estimate perceived noise, using the index described and validated in this paper, was used to examine
student responses to the questionnaire about noise.

2.2.1. Noise Related Questions

Students were asked to express their level of concern regarding a series of issues. The following
are part of the noise-related questions administered. The questions here considered were about noise
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at school, and we then used the answers connected to noise measurement, done in the classroom. Even
if the difference is not negligible, we think that the answer can be used in this way, because in the
school we involved in the GIOCONDA project the students used to spend their time at school in the
same classroom (Table 1).

Table 1. Description of noise related-questions.

Question ID Noise-Related-Questions Variables Scale Scale Labels

a Do you think your school is noisy? Likert-scale

1 = not at all
2 = a little

3 = somewhat
4 = a lot

5 = very much

b How annoying is the noise you usually
hear when you’re at school? Likert-scale (1–5)

1 = not at all
2 = a little

3 = somewhat
4 = a lot

5 = very much

c1
Is annoying noise in the area around your
school causing you any problems? I cannot
hear when people are speaking in the room.

Dichotomous (0–1) 1 = yes
0 = no

c2
Is annoying noise in the area around your
school causing you any problems?
The noise distracts me.

Dichotomous (0–1) 1 = yes
0 = no

d How often do you notice that there is noise? Lykert-scale (1–5)

1 = never
2 = seldom

3 = sometimes
4 = often

5 = always

2.2.2. Annoyance Index

The questions reported above were used to estimate an individual Annoyance Index (AI) derived
from the one previously developed [44]:

AI =
∑k

i niπi

N·(k)

where: ni represents the absolute frequency of the ith mode (e.g., not at all, a little, somewhat,
much, very much); πi represents the weight assigned to the ith mode (e.g., 1 = not at all, 2 = a little,
3 = somewhat, 4 = much, 5 = very much); N represents the total number of observations (i.e., the total
number of respondents); k represents the number of points (in this case = 5) in the Likert scale. The AI
value ranges between zero and one: the closer the value to one, the greater the annoyance.

As regards AI, since the normality test indicated that the distribution was not normal (p < 0.05),
non-parametric statistical tests were used. In order to evaluate the correlation of each question with
the AI, the Spearman test was performed. A descriptive analysis of the AI distribution was conducted
both of the total number of respondents and the sample stratified by area, age group, and gender.
The differences in the AI distribution between areas, age groups and gender were tested by the
Kruskal-Wallis non-parametric test in order to evaluate which of these factors influenced the AI.

The median AI was also calculated (MAI) for each classroom. The MAI validation was obtained
by calculating a similar index by the Structural Equation Model (SEM-AI) using the same set of
variables [45]. SEM is one of the most used methods in the analysis of behavioral data in consideration
of its robustness. Starting from a set of variables, SEM allows to identify one or more informative
indicators. The goodness of fit of the SEM-AI was very good (standardized root mean squared residual,
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SRMSR < 0.10). The MAI distribution was very similar to SEM-AI distribution (correlation between
MAI and SEM-AI was very high: $ = 0.96), confirming the validity of the MAI. Finally, the simpler and
more comparable MAI was used.

2.3. Measurements of Noise Data

The procedure for the acoustical evaluation of each classroom is presented in [43]. Measurement
campaigns were carried out in the schools and a Global Noise Score (GNS) was assigned to each
classroom, with a related score range. The GNS was obtained by summing the single scores assigned
to a set of six parameters, defined in accordance with international standards:

The LDAY (average hourly noise equivalent level during daytime according to Italian law,
6 a.m.–10 p.m.) to investigate the exposure to external sources, calculated by:

1. External noise monitoring (Leq-ext); In schools in Italy, limits depend on acoustic zoning, however
a limit of 55 dB (A) is recommended, when 50 dB (A) is not possible [46].

2. Internal short-term measurements (Leq-int); As the internal noise level with open windows
(LDAY−int) is not fixed by the regulation, this reference was set to 5 dB (A), which is less than the
corresponding class for the external level (i.e., 50 dB (A) when the Leq-ext is 55 dB (A)).

The following four parameters are used to investigate the acoustical characteristics of buildings:

3. Façade insulation: D2m,nT,w, calculated as the difference between internal and external noise
measured at a distance of 2 m from the façade and corrected by reverberation time.

4. Wall insulation: R’w; A national specific decree establishes the limits for the façade isolation
parameter D2m,nT,w and for the wall isolation parameter R’w. For school buildings D2m,nT,w

should be more than 48 dB and R’w more than 50 dB [47].
5. Reverberation time: RT; The scientific community has set the highest value of reverberation time

at RT = 0.8 s (the value is intended for medium small classes, for a complete guidance as function
of volume see [47]).

6. Speech intelligibility index: STI. No limits have been fixed for STI, but a scale of reasonable values
according to the international standard is available [48] and can be used to evaluate the results.

The GNS ranges from 6, corresponding to the simultaneous minimum score for all the
parameters—attributed on the basis of the deviation from the limits considered—to 30, when each
parameter has the highest score. For further details, see the article by Chetoni et al. [43]. Thus,
the higher the GNS, the better the acoustical environment of the classroom. In the present study,
the range of parameters have been subdivided into equidistant intervals.

2.4. Measurement Protocol

No railways or airports are located in the proximity of the examined schools and the main noise
source is always road traffic. In Naples noise is also due to the anthropic noise from markets and
public spaces, whilst in Taranto, there are some industrial sources close to the schools.

The external noise level was acquired through a 7-day long measurement programme, with the
microphone placed 1 m from the main outside façade of the school, at a height of 4 m [49]. All short
internal measurements were performed in the afternoon, without the students. The internal noise
level was obtained with short-term measurements of a duration of 30 min with open windows, taking
the average values from two different positions: the center of the room, assumed to be the average
position of a student, and 1 m from the windows, which is the worst listening position. All the
noise measurements were carried out with class 1 spectrum analyzers. In the schools we monitored,
windows are generally open during the lessons, due to the warm average climate and to general
classroom overcrowding. Therefore, according to the guidelines of the Environmental Protection
Agency-Tuscany Region [50], a correction factor was applied to the short-term noise level to evaluate
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the average daytime noise level inside the classroom (Leq−Int). The procedure assumes that the internal
and external noise levels have the same time evolution. 30 min is not a sufficient amount of time for
evaluating long-term internal level. Thus, the correction takes into account the daytime evolution and
correct the afternoon level, providing a number representative of the whole daytime.

In addition, the daily outside noise level (Leq−Ext) was obtained for those classrooms that were
not facing the main road and where the external measurement was performed. Leq−Ext was calculated
from the long-term external measurement on the main road and the internal long-term measurement
calculated as explained above from measurements in each classroom. The attenuation term A from the
outside measurement and the internal one of the classroom facing it was considered to be the same
for all the outside walls. Thus, the external noise levels of the classrooms of back external façades
were calculated by adding the term A to the corresponding internal noise levels. The correction can
be applied only for noise with the same spectrum, which is almost what happens in all the surveyed
locations due to the predominant road traffic.

Figure 1 shows a map of one of the surveyed schools. The measured classrooms are filled and the
red square corresponds to the external long-term measurement position. As explained above, external
levels are reported in blue circles.
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Figure 1. Example of school measurement positions. The measured classrooms are filled and the red
square corresponds to external long-term measurement positions. As explained above, external levels
are reported in blue circles.

After the characterization of environmental noise, the facade insulation had to be tested.
The interior sound quality is due to the external sources and the building characteristics [51,52],
therefore the standardized level difference D2m,nT parameter was monitored using a wide-band pink
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noise generated by an emitter located outside the school in front of the measured room. The parameter
represents the room’s insulation from the external noise with closed windows. The R parameter,
calculated by means of similar measurements, represents the insulation between the adjacent rooms and
the corridors through. Finally, the acoustic characteristics of the rooms were evaluated: reverberation
time and STI index were measured using an MLS signal.

2.5. Correlation between MAI and GNS

The distributions of MAI and noise data by mean, standard deviation, 25th percentile, median,
75th percentile, 95th percentile, minimum and maximum were measured. A Shapiro-Wilk normality
test was applied to verify that MAI and noise measurements were not normally distributed.
The correlation between MAI and noise measured in each classroom was then performed by the
non-parametric Spearman test [53]. In order to correlate perceived and measured noise, the correlation
factor $ and the p value were calculated between GNS and MAI, in addition to all correlations between
the distribution of single annoyance variables and the distribution of measured noise parameters.
The criteria assigned in order to determine the goodness of correlation were the following:

• $ > |0.5| and p < 0.05, very good correlation;
• $ < |0.5| and p < 0.05, good correlation;
• $ < |0.5| and 0.05 < p < 0.1, borderline correlations;
• $ < |0.5| and p ≥ 0.1, no statistically significant correlation.

Statistical significance was set at p < 0.05 (two-tailed). All the analyses were performed using
STATA version 13.0 (StataCorp., College Station, TX, USA).

3. Results

Of the 521 students included in the study, a total 503 questionnaires were returned (297 males;
age 14.1 ± 2.2 years [mean ± SD]). Overall, 67% of students aged 14+ years, compared to students aged
<14 years, thought that their school was not/a little noisy (p < 0.001) with significant differences also
found within gender (younger vs. older male group: 51.8% vs. 48.2% respectively, p < 0.01; younger vs.
older female group: 31.9% vs. 68.1% respectively, p < 0.001).

As shown in Table 2, all responses of the students to the individual questions used to generate
AI had a very good correlation with the index. Annoyance (question b—“How annoying is the noise
you usually hear when you’re at school?”) was the highest contributor to annoyance, whereas a poor
listening environment was the least (question c1—“I cannot hear when people are speaking in the
room”) reported.

Table 2. Correlations between individual AI and questionnaire items.

Index Correlation
Coefficient a b c1 c2 d

AI
$ 0.5739 0.7726 0.4405 0.5562 0.5996
p <0.001 <0.001 <0.001 <0.001 <0.001

Correlations were performed by non-parametric Spearman test. $: correlation coefficient; p: observed probability;
a, b, c1, c2, d: noise-related questions, AI: Annoyance Index.

The mean AI was significantly (p < 0.01) higher in industrialized areas (Taranto and Naples),
compared to the other two areas. Statically significant differences were found between age groups
(p < 0.001), with noise most perceived in their own school by younger students. No significant
differences of AI by gender were recorded (Table 3).
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Table 3. Mean (±standard deviation) and percentile values of annoyance index in the overall sample
and by area, age group, and gender.

Factor N Mean ± SD 25th p 50th p 75th p 95th p min max p

Naples 128 0.49 ± 0.12 0.40 0.48 0.58 0.68 0.24 0.76

0.0027
Ravenna 153 0.45 ± 0.10 0.36 0.44 0.52 0.64 0.24 0.76
Taranto 102 0.48 ± 0.11 0.40 0.48 0.56 0.64 0.24 0.84

Lower Valdarno Valley 120 0.44 ± 0.14 0.34 0.44 0.52 0.70 0.20 0.84

<14 years 287 0.49 ± 0.12 0.40 0.48 0.60 0.68 0.24 0.84
0.000114+ years 216 0.42 ± 0.11 0.36 0.42 0.52 0.60 0.20 0.84

Female 206 0.47 ± 0.11 0.40 0.45 0.56 0.68 0.24 0.76
0.1158Male 297 0.46 ± 0.12 0.36 0.44 0.56 0.68 0.20 0.84

Total 503 0.46 ± 0.12 0.36 0.44 0.46 0,68 0.20 0.84

SD: standard deviation; 25th p, 50th p, 75th p, 95th p represent the first quartile, median, third quartile, and 95th
percentile, respectively; p: observed probability to evaluate the null hypothesis (no differences by area, age,
and gender).

Descriptive statistics of AI are reported in Table 4. In the overall sample, individual AI scores
ranged from 0.20 to 0.84 with a mean of 0.46. A similar variability was reported considering each
variable (range 0.20–0.84).

Table 4. Annoyance index—Descriptive of classroom-median AI (MAI) and questionnaire items
distribution by classroom (n = 28).

Index Response Mean ± SD 25th p 50th p 75th p 95th p min max

MAI (range 0–1) 0.48 ± 0.08 0.44 0.47 0.52 0.60 0.32 0.64
a (range 1–5) 2.88 ± 0.45 2.50 2.88 3.18 3.45 1.94 3.92
b (range 1–5) 2.70 ± 0.57 2.51 2.64 2.99 3.82 1.48 4.00
d (range 1–5) 3.13 ± 0.43 2.90 3.07 3.37 3.91 2.32 4.14

c1 (%) 15 ± 14 5 10 26 43 0 45
c2 (%) 47 ± 16 3.4 46 63 69 16 70

SD: standard deviation; 25th p, 50th p, 75th p, 95th p represent the first quartile, the median, the third quartile, 95th
percentile, respectively; a, b, c1, c2, d: noise related questions; MAI: classroom median Annoyance Index.

Classroom MAI scores ranged between 0.32 and 0.64. The percentage of students who on average
reported that they could not hear when people were speaking in the classroom was only 15%, although
the mean percentage of students who could not concentrate due to noise increased to 47%. Responses
of students to questions a, b, and d had a score approximately at the middle point of the Likert scale.
Annoyance varied between “a little” and “a lot”, showing a high variability in the sample (Table 4).

The scores of the GNS indicator ranged between 7.00 and 21.00, with a mean of 12.07. The worst
contribution to GNS was noise from external sources, facade insulation, and reverberation time.
For only 25% of the classrooms, the external measured noise had values less than 54 dB (A), which
was slightly below the national regulation limit. The maximum value reached by façade insulation
was 43 dB (A), with a mean of 27.3 dB (A) that is much lower the national limit of 48 dB (A), i.e., rooms
are very poorly isolated from noise coming from outside. Reverberation time is the time required for
the sound to “fade away” in a closed area, in particular it measures the time needed to the sound to
decrease its energy of 60 dB (A). All classrooms had a reverberation time that was above the guide
limit of 0.8 s. Reverberation had in turn a negative impact on STI scores which ranged between 0.4 and
0.68 in the classrooms, thus the best measured value is far from the lowest limit of class international
standard (0.75–1.00) (Table 5).
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Table 5. Noise measured index—GNS and single noise parameter distribution by classroom (n = 28).

Index Mean ± SD 25th p 50th p 75th p 95th p min max

GNS (range 6–30) 12.07 ± 3.38 10.00 11.00 13.00 20.00 7.00 21.00
Leq_ext (dB) 60.26 ± 8.27 54.00 61.40 64.40 71.00 37.20 73.50
Leq_int (dB) 47.39 ± 10.62 37.90 48.45 56.70 60.10 23.10 62.60

D2m,nT,w (dB) 27.33 ± 5.65 24.00 28.00 31.00 35.00 15.00 43.00
R’w (dB) 38.95 ± 8.66 31.00 42.00 44.00 49.00 21.00 49.00

RT (s) 1.91 ± 0.50 1.58 1.92 2.36 2.84 0.88 2.88
STI (s) 0.51 ± 0.06 0.48 0.49 0.53 0.66 0.40 0.68

SD: standard deviation; 25th p, 50th p, 75th p, 95th p represent the first quartile, the median, the third quartile,
95th percentile, respectively; GNS: Global Noise Score; Leq_ext: external noise monitoring Leq_int: internal
short-term measurements; D2m,nT,w: façade insulation; R’w: wall insulation; RT: reverberation time; STI: speech
intelligibility index.

The graph in Figure 2 shows the negative correlation between MAI and GNS considering data
collected in each classroom. As specified in [43], noise measurements were performed in three
classrooms for each school. Thus, as the measures were conducted on 24 classes out of the total 28,
for the four missing measures the experts of the GIOCONDA working group attributed the noise data
of classrooms of the same school that had similar structural characteristics and position.
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SD: standard deviation; 25th p, 50th p, 75th p, 95th p represent the first quartile, the median, the third quartile, 95th 
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Figure 2. Relationship between GNS and MAI for all classrooms (n = 28). The fitted regression line is 
shown. Each classroom was identified by a number. GNS: Global Noise Score; MAI: classroom 
Median Annoyance Index. 

According to the criterion described in Section 2.5, MAI and GNS showed a very good negative 
correlation (ρ = −0.572 with 0.0015 statistical significance). The decrease in MAI with the increase in 
the acoustic quality of the classroom, means that for higher GNS (i.e., lower background noise and 
lower reverberation time) the noise and annoyance perceived were lower.  

Thus, where there are better acoustical conditions, the reported annoyance decreases. The 
Spearman Rank-order coefficient is considered appropriate to test the correlation between MAI and 
GNS because the smoothing analyses generally show monotonic relationships (Supplementary File). 

Figure 2. Relationship between GNS and MAI for all classrooms (n = 28). The fitted regression line is
shown. Each classroom was identified by a number. GNS: Global Noise Score; MAI: classroom Median
Annoyance Index.

According to the criterion described in Section 2.5, MAI and GNS showed a very good negative
correlation ($ = −0.572 with 0.0015 statistical significance). The decrease in MAI with the increase in
the acoustic quality of the classroom, means that for higher GNS (i.e., lower background noise and
lower reverberation time) the noise and annoyance perceived were lower.

Thus, where there are better acoustical conditions, the reported annoyance decreases. The Spearman
Rank-order coefficient is considered appropriate to test the correlation between MAI and GNS because the
smoothing analyses generally show monotonic relationships (Supplementary File). In the few cases where
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loss of monotonicity was observed at the extremes of the distribution, this was based on 2–3 points for
each correlation analysis (equal to about 7–11% of the sample), nonetheless do not affect the results.
In fact, excluding these points the results obtained were similar or more significant s (i.e., $ between
MAI and GNS = −0.6089, p = 0.0012).

In addition, performing a sensitivity analysis considering only classrooms in which noise was
measured (n = 24), the correlation between MAI and GNS was similar to our results ($ = −0.5821;
p = 0.0045).

MAI showed a very good correlation with Leq_ext, Leq_int and RT, and a borderline correlation with
STI (Table 6). Conversely, annoyance was not influenced by façade insulation as well as wall insulation.

Table 6. Correlations between perceived noise and measured noise.

Index MAI
(Range 0–1)

a—“Do You
Think Your

School Is Noisy?”
(Range 1–5)

b—“How Annoying
Is the Noise You

Usually Hear When
You’re at School?”

(Range 1–5)

c1—“I Cannot
Hear When
People Are

Speaking in the
Room.” (%)

c2—“The Noise
Distracts Me.”

(%)

d—“How Often Do
You Notice That
There Is Noise?”

(Range 1–5)

GNS
(range 6–30)

−0.572
0.0015

−0.425
0.0241

−0.4045
0.0327

−0.292
0.1311

−0.2098
0.2838

−0.4276
0.0232

Leq_ext (dB) 0.6113
0.0005

0.4507
0.0161

0.6051
0.0006

0.3357
0.0807

0.1446
0.4628

0.5883
0.001

Leq_int (dB) 0.6051
0.0006

0.5298
0.0037

0.437
0.02

0.3723
0.0511

0.0657
0.7399

0.3731
0.0505

D2m,nT,w
(dB)

0.0912
0.6443

0.0432
0.8274

0.2555
0.1895

0.0276
0.8891

0.0554
0.7796

0.1491
0.4488

R’w (dB) 0.1715
0.3829

0.2542
0.1918

0.1513
0.4422

−0.0338
0.8644

−0.1674
0.3945

0.1108
0.5745

RT (s) 0.5122
0.0053

0.4031
0.0334

0.4201
0.026

0.3018
0.1186

0.0568
0.7741

0.465
0.0127

STI (s) −0.3303
0.086

−0.1465
0.4568

−0.228
0.2423

−0.2759
0.1553

−0.0882
0.6552

−0.3651
0.0561

Each cell contains the correlation factor ($) and the p value (observed probability). Very good and good correlations
are highlighted in dark grey and grey, respectively; borderline correlations are highlighted in light grey. GNS:
global noise score; MAI: classroom-median AI; Leq_ext: external noise monitoring; Leq_int: internal short-term
measurements; D2m,nT,w: façade insulation; R’w: wall insulation; RT: reverberation time; STI: speech intelligibility
index; a, b, c1, c2, d: noise-related questions.

With regard to the response to question a (“Do you think your school is noisy?”), a good correlation
was found with the global index, the noise measured outside the school, and RT and a very good
correlation with noise measured inside the classroom.

Annoyance (response to questions b “How annoying is the noise you usually hear when you’re at
school?”) showed a very good correlation with Leq_ext and a good correlation with GNS, Leq_int, and RT.

Response to question c1 (“I cannot hear when people are speaking in the room”) correlates
(without statistical significance) only with noise levels Leq_int and Leq_ext, whereas response to question
d (“How often do you notice noise?”) was related to all noise parameters, except the two concerning
the structural characteristics of the classroom. Question c2 (“The noises distract me”) showed no
correlation with any noise parameter.

4. Discussion

The aim of this study was to investigate the degree of annoyance of students aged between 11
and 18 years in their schools and how it is correlated with actual noise measurements. Studies on risk
perception, including children’s own perception of noise, are essential background information for
risk communication strategies [9]. Questionnaires are the preferred instrument to determine noise
perception, annoyance, disturbance, difficulty in listening and speech comprehension of both students
and teachers [29,54,55]. Previous research performed via questionnaires has revealed that children are
sensitive judges of their noise environments, discriminating the amount and types of noise sources to
which they are exposed [29,54].
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The Annoyance Index used and validated in this paper summarizes part of the information
collected through a questionnaire. Specifically, AI is the result of weighted average scores of answers
to questionnaire items, estimating both the individual perceived noise exposure and annoyance.

Overall, the mean of AI (0.46) suggests that annoyance of students is modest in comparison to
the measured noise. This finding is consistent with those reported in two qualitative studies in which
the perceived risk of noise pollution as a hazard was minimal in children aged 10–13 [56], and the
judgment of environmental noise was ranked as a medium-level risk factor in students aged 15–17 [38].

The subsequent step was to assess how AI was associated with other variables, such as
geographical area, age and gender. The variables potentially influencing the AI were study area
and age. An individual’s ability to perceive environmental risks is proportional to their own sensitivity
to environmental problems [38]. In Naples and Taranto, the most industrialized and polluted cities of
the four areas examined, the students’ judgment of noise was higher, possibly because environmental
issues are a hot topic in their city. Compared to these areas, the other areas have smaller populations,
less industry, less environmental noise and consequently fewer adverse effects.

Significantly higher levels of annoyance were found among younger children (p < 0.001). These
findings corroborate results described in other investigations [26–28]. In our study, no difference in
judgment of noise was reported by gender. In contrast, among the >14 year-old students, males showed
a higher annoyance in all the areas, as reported in a Turkish study [38], though another investigation
carried out on students from the University of British Columbia highlighted that women showed
slightly higher scores [57].

The classroom MAI showed a very good reverse correlation with GNS, the global score obtained by
summing up the six parameters characterizing the acoustical environment of classrooms. In particular,
perceived noise correlated highly with external sources, considering that Leq_ext is probably associated
with noise at the entrance and on leaving the school, and transportation represents the greatest
source of noise, as previously reported [29,54,55]. Leq_int can be largely influenced by the insulation
characteristics of classrooms. Acoustical quality in classrooms is further dependent on voice
reverberation, thus shorter reverberation times contribute to an environment in which listening and,
as a consequence, learning is facilitated, and speech intelligibility is maximized [55,58–60]. The good
maintenance of windows and doors could improve the insulation [61], which was in fact lacking in
almost all the measured rooms. Furthermore, it has been demonstrated that false ceilings improve RT
values, which appears to be the most serious problem related to the learning process [27].

The design and quality of school buildings differ not only among schools but also within the
same school and these variations influence the types and intensity of noise that students are exposed
to [39]. In our study, the GNS indicator had a mean value of 12.07, highlighting the unsatisfactory
acoustical conditions of the classrooms examined. In fact, according to its definition, it would have
been sufficient with values over 16. External noise sources, façade insulation, and reverberation time
provided the most negative contribution to GNS. A recent study considering more than one hundred
façades of Italian schools of all levels (from nursery to upper secondary school) and built in different
time periods and building technologies, revealed that almost all the schools needed sound insulation
refurbishment and acoustic treatment of classrooms [62]. Thus, the schools selected within the project
across the country can be considered as representative of the general conditions in Italian schools.

Due to the good correlations of some parameters (Leq_ext, internal noise, and reverberation time)
GNS as a whole has been found to be associated with annoyance. External L (Amax) available
from Leq_ext levels have been shown to be a significant factor in the reported annoyance by both
6–11 year-olds [54] and secondary school students [55].

It is worth noting that the parameters D2m,nT,w and R’w were not correlated with annoyance
evaluated by MAI. This is probably due to the fact that they are all below the law requirements and with
almost the same values. MAI is influenced by several other parameters and presents a larger spread
within classes. Thus, it is easier for students to associate perceived sound levels with external sources
than to the poor insulation of the school building. STI was not highly correlated with annoyance,
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suggesting that in actual classroom situations, in addition to the physical acoustical characteristics
of the classroom, a number of factors play an important role in students’ subjective judgment of the
environmental listening quality (e.g., age, gender, moderate to severe hearing impairment), as already
described by Kennedy et al. [57].

As the principal aim of this study was to investigate the relationship of MAI with noise
measurements in classrooms, the questionnaire concerned the general noise judgment students had
of their schools without considering the specific sources of noise. A previous work developed a
“perceived listening ease” (PLE) score that was a measure of perceived classroom listening quality
during typical classroom use, and was calculated by summing the scores of questionnaire responses
standardized in a five-point scale [57]. In agreement with [57], we found that a simple additive
approach to obtain AI gave similar results to weighted average scores. As regards individual AI, since
the normality test indicated that the distribution was not normal (p < 0.05), MAI was estimated by
non-parametric regression, in contrast to class-average PLE scores.

Despite being aware of the limitation represented by the small sample size, we believe that the
judgment profiles, which were different according to age and geographical areas, represent a useful
starting point. The reliability of the AI can be further improved by extending the research to a larger
sample of schools (in differently characterized areas), and by evaluating the role of other variables that
could influence the noise-related risk perception, such as socio-economic and ecological determinants.
In addition, it should also be highlighted that noise-related judgment is part of a wider assessment of
young people’s judgment of risk associated with environmental pollution. A further limitation is that
we did not consider the awareness of the same environmental stressor at home.

Finally, the efficiency of global indicators formulated for noise mitigation purposes has been
reported in several papers [63,64]. Thus, easily usable indicators can facilitate the communication of
measurement outcomes to stakeholders (teachers, families and policy makers) and thus lead to the
actions needed. GNS was developed in order to find an easy indicator related to annoyance and quality,
without claiming it as an absolute reference which would obviously depend on national requirements.
Besides its definition, a correlation between noise parameters and MAI was found. This will thus
ensure that by improving noise parameters, judgment will also improve, driving policy actions to
better noise quality in schools.

5. Conclusions

Previous studies have shown that a poor acoustical environment in classrooms, which
influences children’s speech listening and comprehension, potentially interferes with their educational
performance, since effective listening is vital to school learning. Our results confirm that annoyance
represents the most widespread subjective response to noise, and noise judgment and the consequent
disturbance are highly correlated with acoustical classroom conditions.

Despite the recent interest in achieving improved acoustical quality in school environments, many
classrooms still do not satisfy international and national standards concerning ambient noise levels
and reverberation. The findings reported in this paper corroborate that noise in schools is a serious
issue, which should not be neglected by local administrations. In fact, all the classrooms exceed the
limits established by the Italian law in terms of external noise and building noise. As we showed,
the eight schools examined in this study, located in different areas of the country, can represents the
average Italian scenario.

The responses to the questionnaires (investigating not only the awareness about noise here
presented, but also air pollution, risks to health of children and the community, and behaviors related
to environmental protection) were discussed with students together with the data of environmental
monitoring and the results of a collection of information about local issues in the environment
and health domain. This process of learning, discussion and elaboration at school produced
a “challenge booklet” [65] including all the results, further elaborated in “recommendations to
local decision-makers” [66], composed by each school and presented during a public “engagement
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event” [66]. All the eight documents started saying: “Dear decision makers, we recommend . . . ”, and the
request related to noise, summarized from the documents (available in Italian at the GIOCONDA
project website) were related to three main topics. First school improvement: protection of walls in
the classroom (that was realized in two schools using insulating panels) restoration and replacement
of windows. Second transport policies: to improve public transport; to reduce car traffic; to promote
electric cars; to block streets close to schools during entrance and exit time; to avoid motorcycle
circulation in school surroundings. Third, more general, related to the participation of students:
in decisions, in monitoring actions, in evaluation results through the establishment of a “Young
Citizen’s Municipal Council”. As first application of GIOCONDA methodology the results of the
public discussions based on the measured data has been included in the training plans of the Centers
of Education for Sustainability in the cities of Ravenna, Ferrara and some municipalities of the Lower
Valdarno. The recommendations produced by the classes of Ravenna were included in the master plan
for the sustainable mobility of the city in 2016.

The GIOCONDA project carried out a pilot study in four Italian areas, and implemented a web
platform to be used by other schools and local authorities to highlight problems, discuss ideas and find
solutions regarding environmental problems. The characterization of annoyance is an important step
in increasing the social awareness regarding the reduction of environmental risks. Children spend long
periods of time at school, and are therefore the most vulnerable subjects to environmental pressures.
Their judgment of environmental stressors is an important indicator to improve their own environment
and a means to understanding the judgments, attitudes, concerns, and wishes of the entire community.
The results provided by this study and the tools for sharing knowledge and data could contribute to
raising awareness of environmental health issues and improving health prevention and protection.
GNS was developed in order to find an easy indicator related to noise judgment and quality, without
claiming it as an absolute reference, which would obviously depend on national requirements. Besides
its definition, a correlation between noise parameters and MAI was found. This will thus ensure that
by improving noise parameters, judgment will also improve, driving policy actions to better noise
quality in schools. On the other hand, MAI can be a first filter to select schools to be monitored and to
address actions, being that MAI is related to real noisiness of schools.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/15/2/208/s1,
Supplementary File: Smoothing correlations by LOWESS (locally weighted scatterplot smoothing) and LPOLY
(Kernel-weighted local polynomial smoothing).

Acknowledgments: The GIOCONDA project was funded by the EU Environment Direction General under the
LIFE + funding scheme—LIFE13 ENV/IT/000225, from June 2014 to November 2016. The present article as a
consequence is not funded by this project but institutional funds are utilized. We thank Marco Chetoni for the
noise measurements and the contribution in defining the acoustic indicators.

Author Contributions: Fabrizio Minichilli, epidemiologist statistician, developed the study design, provided
the results of statistical analysis, and prepared the article. Francesca Gorini, biologist, played a supporting
role in the GIOCONDA project, collected bibliographic references and prepared the article. Elena Ascari,
physicist, participated at the noise measurements and revised the article. Fabrizio Bianchi, senior epidemiologist,
scientific coordinator of GIOCONDA project, contributed to the study design and revised the article. Alessio Coi,
pharmaceutical chemist, contributed to the development of the risk perception index and to the study design.
Luca Fredianelli, physicist, participated at the noise measurements and revised the article. Gaetano Licitra,
physicist and environmental scientist with particular skill of noise, defined the methodology of acoustic analysis
and the identification of the synthesis indicators collaborating in the analysis of the results. Federica Manzoli,
sociologist, was responsible of the design and conduction of GIOCONDA educational activities. She contributed
to set the questionnaires and discuss their results in schools. Lorena Mezzasalma, technician, contributed at the
preparatory phase and the analysis of the scientific literature. Liliana Cori, communication scientist, was the
manager of GIOCONDA project, coordinated the research, realized interventions at schools and coordinated
this article.

Conflicts of Interest: The authors declare no conflict of interest.

www.mdpi.com/1660-4601/15/2/208/s1


Int. J. Environ. Res. Public Health 2018, 15, 208 14 of 17

References

1. European Environment Agency. Noise in Europe 2014; Publications Office of the European Union:
Luxembourg, 2014.

2. Wothge, J.; Belke, C.; Möhler, U.; Guski, R.; Schreckenberg, D. The combined effects of aircraft and road
traffic noise and aircraft and railway noise on noise annoyance—An analysis in the context of the joint
research initiative NORAH. Int. J. Environ. Res. Public Health 2017, 14, 871. [CrossRef] [PubMed]
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4. Belojević, G.; Paunović, K. Recent advances in research on non-auditory effects of community noise. Srp. Arh.
Celok. Lek. 2016, 144, 94–98. [CrossRef] [PubMed]

5. Dimakopoulou, K.; Koutentakis, K.; Papageorgiou, I.; Kasdagli, M.I.; Haralabidis, A.S.; Sourtzi, P.; Samoli, E.;
Houthuijs, D.; Swart, W.; Hansell, A.L.; et al. Is aircraft noise exposure associated with cardiovascular disease
and hypertension? Results from a cohort study in Athens, Greece. Occup. Environ. Med. 2017, 74. [CrossRef]
[PubMed]

6. Dzhambov, A.M. Long-term noise exposure and the risk for type 2 diabetes: A meta-analysis. Noise Health
2015, 17, 23–33. [CrossRef] [PubMed]

7. World Health Organization. Preventing Disease through Healthy Environments: A Global Assessment of the
Burden of Disease from Environmental Risks; World Health Organization (WHO): Geneva, Switzerland, 2016.

8. Ben-Shlomo, Y.; Kuh, D. A life course approach to chronic disease epidemiology: Conceptual models,
empirical challenges and interdisciplinary perspectives. Int. J. Epidemiol. 2002, 31, 285–293. [CrossRef]
[PubMed]

9. Bistrup, M.L. Children and Noise-Prevention of Adverse Effects; National Institute of Public Health: Copenhagen,
Denmark, 2002.

10. World Health Organization. Burden of Disease from Environmental Noise. Quantification of Healthy Life Years
Lost in Europe; World Health Organization (WHO): Copenhagen, Denmark, 2011.

11. Hygge, S. Noise and cognition in children. In Encyclopedia of Environmental Health; Nriagu, J.O., Ed.; Elsevier:
Burlington, VT, USA, 2011; Volume 4, pp. 146–151.

12. Shield, B.; Dockrell, J. The effects of noise on children at school: A review. Build. Acoust. 2003, 10, 97–116.
[CrossRef]

13. Clark, C.; Martin, R.; van Kempen, E.; Alfred, T.; Head, J.; Davies, H.W.; Haines, M.M.; Lopez Barrio, I.;
Matheson, M.; Stansfeld, S.A. Exposure-effect relations between aircraft and road traffic noise exposure at school
and reading comprehension: The RANCH project. Am. J. Epidemiol. 2006, 163, 27–37. [CrossRef] [PubMed]

14. Stansfeld, S.A.; Berglund, B.; Clark, C.; Lopez-Barrio, I.; Fischer, P.; Ohrström, E.; Haines, M.M.; Head, J.;
Hygge, S.; van Kamp, I.; et al. Aircraft and road traffic noise and children’s cognition and health:
A cross-national study. Lancet 2005, 365, 1942–1949. [CrossRef]

15. Clark, C.; Crombie, R.; Head, J.; van Kamp, I.; van Kempen, E.; Stansfeld, S.A. Does traffic-related air
pollution explain associations of aircraft and road traffic noise exposure on children’s health and cognition?
A secondary analysis of the United Kingdom sample from the RANCH project. Am. J. Epidemiol. 2012, 176,
327–337. [CrossRef] [PubMed]

16. Hygge, S.; Evans, G.W.; Bullinger, M. A prospective study of some effects of aircraft noise on cognitive
performance in schoolchildren. Psychol. Sci. 2002, 13, 469–474. [CrossRef] [PubMed]

17. Papanikolaou, M.; Skenteris, N.; Piperakis, S.M. Effect of external classroom noise on schoolchildren’s
reading and mathematics performance: Correlation of noise levels and gender. Int. J. Adolesc. Med. Health
2015, 27, 25–29. [CrossRef] [PubMed]

18. Pujol, S.; Levain, J.P.; Houot, H.; Petit, R.; Berthillier, M.; Defrance, J.; Lardies, J.; Masselot, C.; Mauny, F.
Association between ambient noise exposure and school performance of children living in an urban area:
A cross-sectional population-based study. J. Urban Health 2014, 91, 256–271. [CrossRef] [PubMed]

19. Tiesler, C.M.T.; Birk, M.; Thiering, E.; Kohlböck, G.; Koletzko, S.; Bauer, C.P.; Berdel, D.; von Berg, A.;
Babisch, W.; Heinrich, J.; et al. Exposure to road traffic noise and children’s behavioural problems and sleep
disturbance: Results from the GINIplus and LISAplus studies. Environ. Res. 2013, 123, 1–8. [CrossRef]
[PubMed]

http://dx.doi.org/10.3390/ijerph14080871
http://www.ncbi.nlm.nih.gov/pubmed/28767095
http://dx.doi.org/10.3390/ijerph14101139
http://www.ncbi.nlm.nih.gov/pubmed/28953238
http://dx.doi.org/10.2298/SARH1602094B
http://www.ncbi.nlm.nih.gov/pubmed/27276867
http://dx.doi.org/10.1136/oemed-2016-104180
http://www.ncbi.nlm.nih.gov/pubmed/28611191
http://dx.doi.org/10.4103/1463-1741.149571
http://www.ncbi.nlm.nih.gov/pubmed/25599755
http://dx.doi.org/10.1093/intjepid/31.2.285
http://www.ncbi.nlm.nih.gov/pubmed/11980781
http://dx.doi.org/10.1260/135101003768965960
http://dx.doi.org/10.1093/aje/kwj001
http://www.ncbi.nlm.nih.gov/pubmed/16306314
http://dx.doi.org/10.1016/S0140-6736(05)66660-3
http://dx.doi.org/10.1093/aje/kws012
http://www.ncbi.nlm.nih.gov/pubmed/22842719
http://dx.doi.org/10.1111/1467-9280.00483
http://www.ncbi.nlm.nih.gov/pubmed/12219816
http://dx.doi.org/10.1515/ijamh-2014-0006
http://www.ncbi.nlm.nih.gov/pubmed/24810556
http://dx.doi.org/10.1007/s11524-013-9843-6
http://www.ncbi.nlm.nih.gov/pubmed/24190106
http://dx.doi.org/10.1016/j.envres.2013.01.009
http://www.ncbi.nlm.nih.gov/pubmed/23498846


Int. J. Environ. Res. Public Health 2018, 15, 208 15 of 17

20. Skrzypek, M.; Kowalska, M.; Czech, E.M.; Niewiadomska, E.; Zejda, J.E. Impact of road traffic noise on
sleep disturbances and attention disorders amongst school children living in Upper Silesian Industrial Zone,
Poland. Int. J. Occup. Med. Environ. Health 2017, 30, 511–520. [CrossRef] [PubMed]

21. Stansfeld, S.A.; Clark, C.; Cameron, R.M.; Alfred, T.; Head, J.; Haines, M.M.; van Kamp, I.; van Kempen, E.;
Lopez-Barrio, I. Aircraft and road traffic noise exposure and children’s mental health. J. Environ. Psychol.
2009, 29, 203–207. [CrossRef]

22. Forns, J.; Dadvand, P.; Foraster, M.; Alvarez-Pedrerol, M.; Rivas, I.; López-Vicente, M.; Suades-Gonzalez, E.;
Garcia-Esteban, R.; Esnaola, M.; Cirach, M.; et al. Traffic-related air pollution, noise at school, and behavioral
problems in Barcelona school children: A cross-sectional study. Environ. Health Perspect. 2016, 124, 529–535.
[PubMed]

23. Liu, C.; Fuertes, E.; Tiesler, C.M.; Birk, M.; Babisch, W.; Bauer, C.P.; Koletzko, S.; von Berg, A.; Hoffmann, B.;
Heinrich, J.; et al. The associations between traffic-related air pollution and noise with blood pressure in
children: Results from the GINIplus and LISAplus studies. Int. J. Hyg. Environ. Health 2014, 217, 499–505.
[CrossRef] [PubMed]

24. Belojevic, G.; Jakovljevic, B.; Stojanov, V.; Paunovic, K.; Ilic, J. Urban road-traffic noise and blood pressure
and heart rate in preschool children. Environ. Int. 2008, 34, 226–231. [CrossRef] [PubMed]

25. Shield, B.M.; Conetta, R.; Connolly, D.; Cox, T.; Mydlarz, C. A survey of acoustic conditions and noise levels
in secondary school classrooms in England. J. Acoust. Soc. Am. 2015, 137, 177–188. [CrossRef] [PubMed]

26. Stansfeld, S.; Clark, C. Health effects of noise exposure in children. Curr. Environ. Health Rep. 2015, 2, 171–178.
[CrossRef] [PubMed]

27. Klatte, M.; Lachmann, T.; Meis, M. Effects of noise and reverberation on speech perception and listening
comprehension of children and adults in a classroom-like setting. Noise Health 2010, 12, 270–282. [CrossRef]
[PubMed]

28. Valente, D.L.; Plevinsky, H.M.; Franco, J.M.; Heinrichs-Graham, E.C.; Lewis, D.E. Experimental investigation
of the effects of the acoustical conditions in a simulated classroom on speech recognition and learning in
children. J. Acoust. Soc. Am. 2012, 131, 232–246. [CrossRef] [PubMed]

29. Hetu, R.; Truchon-Gagnon, C.; Bilodeau, S.A. Problems of noise in school settings: A review of literature and
the results of an exploratory study. J. Speech Lang. Pathol. Audiol. 1990, 14, 31–39.

30. Klatte, M.; Bergström, K.; Lachmann, T. Does noise affect learning? A short review on noise effects on
cognitive performance in children. Front. Psychol. 2013, 4. [CrossRef] [PubMed]

31. World Health Organization. Protecting Children’s Health in a Changing Environment. In Proceedings of the
Fifth Ministerial Conference on Environment and Health, Parma, Italy, 10–12 March 2010.

32. Kok, W. Facing the Challenge. The Lisbon Strategy for Growth and Employment; Office for Official Publications of
the European Communities: Brussels, Belgium, 2004.

33. Friedman, D.B.; Toumey, C.; Porter, D.E.; Hong, J.; Scott, G.I.; Lead, J.R. Communicating with the public
about environmental health risks: A community-engaged approach to dialogue about metal speciation and
toxicity. Environ. Int. 2015, 74, 9–12. [CrossRef] [PubMed]

34. Coi, A.; Minichilli, F.; Bustaffa, E.; Carone, S.; Santoro, M.; Bianchi, F.; Cori, L. Risk perception and access to
environmental information in four areas in Italy affected by natural or anthropogenic pollution. Environ. Int.
2016, 95, 8–15. [CrossRef] [PubMed]

35. Cori, L. Risk communication and the role of knowledge broker, experiences in Italy. Toxicol. Environ. Chem.
2016, 98, 1100–1109. [CrossRef]

36. Renn, O.; Rohrmann, B. Cross-Cultural Risk Perception: A Survey of Empirical Studies; Springer: New York, NY,
USA, 2000.

37. Bredo, O. Pupils’ Physical School Environment—From the Perspective of a Panel of Sixth-Grade Pupils;
Danish National Institute for Educational Research: Copenhagen, Denmark, 2000.

38. Anilan, B. A study of the environmental risk perceptions and environmental awareness levels of high school
students. Asia Pac. Forum Sci. Learn. Teach. 2014, 15, 1–23.

39. Connolly, D.M.; Dockrell, J.E.; Shield, B.M.; Conetta, R.; Cox, T.J. Adolescents’ perceptions of their school’s
acoustic environment: The development of an evidence based questionnaire. Noise Health 2013, 15, 269–280.
[CrossRef] [PubMed]

40. Licitra, G.; Fredianelli, L.; Petri, D.; Vigotti, M.A. Annoyance evaluation due to overall railway noise and
vibration in Pisa urban areas. Sci. Total Environ. 2016, 568, 1315–1325. [CrossRef] [PubMed]

http://dx.doi.org/10.13075/ijomeh.1896.00823
http://www.ncbi.nlm.nih.gov/pubmed/28481382
http://dx.doi.org/10.1016/j.jenvp.2009.01.002
http://www.ncbi.nlm.nih.gov/pubmed/26241036
http://dx.doi.org/10.1016/j.ijheh.2013.09.008
http://www.ncbi.nlm.nih.gov/pubmed/24183515
http://dx.doi.org/10.1016/j.envint.2007.08.003
http://www.ncbi.nlm.nih.gov/pubmed/17869340
http://dx.doi.org/10.1121/1.4904528
http://www.ncbi.nlm.nih.gov/pubmed/25618049
http://dx.doi.org/10.1007/s40572-015-0044-1
http://www.ncbi.nlm.nih.gov/pubmed/26231366
http://dx.doi.org/10.4103/1463-1741.70506
http://www.ncbi.nlm.nih.gov/pubmed/20871182
http://dx.doi.org/10.1121/1.3662059
http://www.ncbi.nlm.nih.gov/pubmed/22280587
http://dx.doi.org/10.3389/fpsyg.2013.00578
http://www.ncbi.nlm.nih.gov/pubmed/24009598
http://dx.doi.org/10.1016/j.envint.2014.09.015
http://www.ncbi.nlm.nih.gov/pubmed/25305416
http://dx.doi.org/10.1016/j.envint.2016.07.009
http://www.ncbi.nlm.nih.gov/pubmed/27475730
http://dx.doi.org/10.1080/02772248.2016.1140169
http://dx.doi.org/10.4103/1463-1741.113525
http://www.ncbi.nlm.nih.gov/pubmed/23771426
http://dx.doi.org/10.1016/j.scitotenv.2015.11.071
http://www.ncbi.nlm.nih.gov/pubmed/26775834


Int. J. Environ. Res. Public Health 2018, 15, 208 16 of 17

41. GIOCONDA Project (LIFE13 ENV/IT/000225). Available online: http://gioconda.ifc.cnr.it/ (accessed on
10 November 2017).

42. Cori, L.; Coi, A.; Manzoli, F.; Mezzasalma, L.; Minichilli, F.; Bianchi, F. Participation through Knowledge
Sharing and Transfer: Noise Monitoring & Noise Risk Perception. In Proceedings of the 23rd International
Congress on Sound and Vibration, Athens, Greece, 10–14 July 2016.

43. Chetoni, M.; Ascari, E.; Bianco, F.; Fredianelli, L.; Licitra, G.; Cori, L. Global noise score indicator for
classroom evaluation of acoustic performances in LIFE GIOCONDA project. Noise Mapp. 2016, 3, 157–171.
[CrossRef]

44. Signorino, G. Proximity and risk perception. Comparing risk perception “profiles” in two petrochemical
areas of Sicily (Augusta and Milazzo). J. Risk Res. 2012, 15, 1223–1243. [CrossRef]

45. StataCorp. Stata Structural Equation Modeling Reference Manual, Release 13; Stata Press: College Station, TX,
USA, 2013.

46. DPCM 14/11/1997 (in Gazzetta Ufficiale—Serie Generale n. 280 del 1/12/97) Determinazione dei Valori
Limite delle Sorgenti Sonore. Available online: http://www.anit.it/wp-content/uploads/2015/02/DPCM_
14_11_19971.pdf (accessed on 25 January 2018).

47. Uni-Ente Italiano di Normazione. Building Acoustics—Acoustic Classification of Building Units—Evaluation
Procedure and In Situ Measurements; UNI 11367:2010; UNI: Milan, Italy, 2010.

48. Sound System Equipment—Part 16: Objective Rating of Speech Intelligibility by Speech Transmission Index.
Available online: https://webstore.iec.ch/publication/1214 (accessed on 28 June 2011).

49. ISO—International Organization for Standardization. ISO 1996-1:2016 Preview Acoustics—Description,
Measurement and Assessment of Environmental Noise—Part 1: Basic Quantities and Assessment Procedures;
ISO 1996-2:2017 Preview Acoustics—Description, Measurement and Assessment of Environmental Noise—Part 2:
Determination of Sound Pressure Levels; ISO: Geneva, Switzerland, 2017.

50. Piani Comunali di Classificazione Acustica—Linee Guida Tecniche per la Predisposizione dei Piani. (Noise
zoning Plans—Planning Guideline—in Italian language) ARPAT 2004. Available online: http://www.arpat.
toscana.it/documentazione/report/ru_documentazione_linee_guida_classificazione_acustica.zip (accessed
on 25 January 2018).

51. Barbaresi, L.; di Bella, A.; Fausti, P.; Furlan, R.; Griginis, A.; Licitra, G.; Maffei, L.; Oberkalmsteiner, R.;
Prodi, N.; Secchi, S.; et al. Linee Guida per una Progettazione Acustica di Ambienti Scolastici; (Guideline for
Acoustic Planning of Schools—In Italian Language); Acoustical Society of Italy: Rome, Italy, 2017.

52. Henrique, P.; Zannin, T.; Petri, D.; Zwirtes, Z. Evaluation of the acoustic performance of classrooms in public
schools. Appl. Acoust. 2009, 70, 626–635.

53. Corder, G.W.; Foreman, D.I. Nonparametric Statistics: A Step-by-Step Approach, 2nd ed.; Wiley: Hoboken, NJ,
USA, 2014.

54. Dockrell, J.E.; Shield, B. Children’s perceptions of their acoustic environment at school and at home. J. Acoust.
Soc. Am. 2004, 115, 2964–2973. [CrossRef] [PubMed]

55. Astolfi, A.; Pellerey, F. Subjective and objective assessment of acoustical and overall environmental quality
in secondary school classrooms. J. Acoust. Soc. Am. 2008, 123, 163–173. [CrossRef] [PubMed]

56. Haines, M.M.; Brentnall, S.L.; Stansfeld, S.A.; Klineberg, E. Qualitative responses of children to environmental
noise. Noise Health 2003, 5, 19–30. [PubMed]

57. Kennedy, S.M.; Hodgso, M.; Edgett, L.D.; Lamb, N.; Rempel, R. Subjective assessment of listening
environments in university classrooms: Perceptions of students. J. Acoust. Soc. Am. 2006, 119, 299–309.
[CrossRef] [PubMed]

58. Meis, M.; Nocke, C.; Hoffman, S.; Becker, B. Subjective evaluation of speech and noise in learning
environments in the realm of classroom acoustics: Results from laboratory and field experiments. J. Acoust.
Soc. Am. 2005, 117. [CrossRef]

59. Bradley, J.; Sato, H. The intelligibility of speech in elementary school classrooms. J. Acoust. Soc. Am. 2008,
123, 2078–2086. [CrossRef] [PubMed]

60. Neuman, A.C.; Wroblewski, M.; Hajicek, J.; Rubinstein, A. Combined effects of noise and reverberation
on speech recognition performance of normal-hearing children and adults. Ear Hear. 2010, 31, 336–344.
[CrossRef] [PubMed]

http://gioconda.ifc.cnr.it/
http://dx.doi.org/10.1515/noise-2016-0012
http://dx.doi.org/10.1080/13669877.2012.670129
http://www.anit.it/wp-content/uploads/2015/02/DPCM_14_11_19971.pdf
http://www.anit.it/wp-content/uploads/2015/02/DPCM_14_11_19971.pdf
https://webstore.iec.ch/publication/1214
http://www.arpat.toscana.it/documentazione/report/ru_documentazione_linee_guida_classificazione_acustica.zip
http://www.arpat.toscana.it/documentazione/report/ru_documentazione_linee_guida_classificazione_acustica.zip
http://dx.doi.org/10.1121/1.1652610
http://www.ncbi.nlm.nih.gov/pubmed/15237821
http://dx.doi.org/10.1121/1.2816563
http://www.ncbi.nlm.nih.gov/pubmed/18177148
http://www.ncbi.nlm.nih.gov/pubmed/12804209
http://dx.doi.org/10.1121/1.2139629
http://www.ncbi.nlm.nih.gov/pubmed/16454285
http://dx.doi.org/10.1121/1.4786781
http://dx.doi.org/10.1121/1.2839285
http://www.ncbi.nlm.nih.gov/pubmed/18397015
http://dx.doi.org/10.1097/AUD.0b013e3181d3d514
http://www.ncbi.nlm.nih.gov/pubmed/20215967


Int. J. Environ. Res. Public Health 2018, 15, 208 17 of 17

61. Astolfi, A.; Giovannini, M. Acustica delle aule Scolastiche, Requisiti Prestazionali, Soluzioni di Progetto,
Verifiche e Calcolo in Opera. Quaderni Rockwool. Available online: http://download.rockwool.it/media/
75055/acustica%20delle%20aule%20scolastiche.pdf (accessed on 25 January 2018).

62. Casini, D.; Cellai, G.; Fogola, J.; Scamoni, F.; Secchi, S. Correlation between facade insulation and urban noise:
A contribution to the acoustic classification of existing buildings. Build. Acoust. 2016, 23, 145–158. [CrossRef]

63. Licitra, G.; Ascari, E. Gden: An indicator for European noise maps comparison and to support action plans.
Sci. Total Environ. 2014, 482–483, 411–419. [CrossRef] [PubMed]

64. Licitra, G.; Gallo, P.; Rossi, E.; Brambilla, G. A novel method to determine multi exposure priority indices
tested for Pisa action plan. Appl. Acoust. 2011, 72, 505–510. [CrossRef]

65. GIOCONDA Project (LIFE13 ENV/IT/000225). Available online: http://gioconda.ifc.cnr.it/?page_id=3037&
lang=en (accessed on 7 January 2018).

66. GIOCONDA Project (LIFE13 ENV/IT/000225). Available online: http://gioconda.ifc.cnr.it/?page_id=3040&
lang=en (accessed on 7 January 2018).

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://download.rockwool.it/media/75055/acustica%20delle%20aule%20scolastiche.pdf
http://download.rockwool.it/media/75055/acustica%20delle%20aule%20scolastiche.pdf
http://dx.doi.org/10.1177/1351010X16670173
http://dx.doi.org/10.1016/j.scitotenv.2013.07.014
http://www.ncbi.nlm.nih.gov/pubmed/23906884
http://dx.doi.org/10.1016/j.apacoust.2010.07.007
http://gioconda.ifc.cnr.it/?page_id=3037&lang=en
http://gioconda.ifc.cnr.it/?page_id=3037&lang=en
http://gioconda.ifc.cnr.it/?page_id=3040&lang=en
http://gioconda.ifc.cnr.it/?page_id=3040&lang=en
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Project Location and Participants 
	Measurements of Annoyance Index 
	Noise Related Questions 
	Annoyance Index 

	Measurements of Noise Data 
	Measurement Protocol 
	Correlation between MAI and GNS 

	Results 
	Discussion 
	Conclusions 
	References

