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Canteens usually have critical acoustic conditions resulting from the need to maximize the number of occupants 
while minimizing volume. Thus, in the absence of specific sound absorbing treatments, very high sound pressure 
levels are usually observed resulting in significant impairment of communication (with increased vocal effort of 
speakers and reduced speech intelligibility), and dangerously high exposure levels for workers. The present paper 
reports acoustic measurements carried out in a nursery school canteen having a volume of 212 m3 and seating 
about 50 children, and two primary school canteens having volumes of 656 m3 (seating 150 children) and 367 m3

(seating 107 children). Reverberation time was measured in each room as well as sound pressure levels during 
peak occupation (averaged over 15-minute intervals), resulting in A-weighted sound pressure levels spanning 
between 81 dB (in the nursery school) and 90 dB in the primary schools. Starting from the observed values, 
considerations about the group-size of the occupants as a function of age were made, and recommendations were 
finally given to guide the acoustic correction of similar spaces.
1. Introduction

The role of room acoustics in schools and teaching spaces has been 
largely investigated in recent years, leading to important results both in 
terms of research and practical regulations. In Italy, in particular, after 
the publication of design guidelines for schools [1] a specific National 
Standard has been recently issued [2] and its use is now mandatory 
as a consequence of building code [3]. School canteens, although be-

ing partly included in such regulations, are usually less investigated 
in the scientific literature, certainly because they are used for shorter 
time intervals and they do not affect teaching (and learning) processes. 
However, it is indubitable that they play an important social role, as stu-

dents may more easily talk and interact among them while having often 
significant impacts on workers attending the students’ activities. The lit-
erature on eating establishments has received important contributions 
that pointed out the role of background noise control and room acous-

tics to limit the Lombard effect [4–8], also leading to the definition of 
more specific criteria to explain and assess the acoustic requirements of 

✩ This is an extended version of the paper “A Field Survey of Acoustic Conditions in Primary and Kinder School Canteens” presented at Forum Acusticum 2023, 
11-15 September 2023.
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such spaces [9]. Regarding canteens, previous studies investigated uni-

versity or college canteens [10,7,11,12], but a few results can be found 
about primary or nursery school canteens, usually in more generic stud-

ies [13,14]. Other studies on the acoustics of eating establishments have 
been carried out recently, but they focused on how acoustics affects com-

fort and behaviour [15,16], food quality perception [17,18], willingness 
to spend time and money in restaurants [19], and the effect played by 
other factors like ageing [20,21] and pathological conditions [22].

However, school canteens are peculiar spaces, where most of the 
above-mentioned factors play a marginal role: cost and quality of food 
become less relevant factors. Moreover, the age of the occupants is sig-

nificantly lower, and it is related to preserving hearing capacity in a 
more sensitive category. Conversely, other aspects become more impor-

tant and need to be carefully taken into account, like the higher occupant 
density, due to the need to maximize space use in a limited time [23], 
or the higher exposure levels for workers [24].

The present paper reports the results of acoustic measurements car-

ried out in selected spaces where the number of occupants was very 
Available online 1 October 2024
0003-682X/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access a
nc-nd/4.0/).

E-mail address: francesco.martellotta@poliba.it (F. Martellotta).

https://doi.org/10.1016/j.apacoust.2024.110324

Received 15 April 2024; Received in revised form 6 September 2024; Accepted 25 S
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

eptember 2024

http://www.ScienceDirect.com/
http://www.elsevier.com/locate/apacoust
mailto:francesco.martellotta@poliba.it
https://doi.org/10.1016/j.apacoust.2024.110324
https://doi.org/10.1016/j.apacoust.2024.110324
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


F. Martellotta, D. D’Orazio, D. De Carolis et al.

Fig. 1. Plan, cross-section and interior view of nursery school canteen (N1).

high compared to the volume and critical conditions were found for 
booth pupils and workers.

2. Methods

2.1. Case studies

Three canteens located in Bari were investigated, one belonging to a 
nursery school (N1) attended by 1 to 5-year-old pupils, one belonging to 
a primary school that also offered support to a nursery school (P1), and 
one serving only a primary school (P2). The first one (Fig. 1) has a floor 
surface area of 78.5 m2, a net height of 2.7 m, and an overall volume 
of 212 m3. The number of pupils that can be seated is 50, resulting in 
a volume per person of 4.24 m3/pers. Walls and ceilings are plastered 
and no other furniture apart from small tables and seats is in the room. 
The floor is made of laminated wood.

The second canteen (P1) is a simple rectangular room (Fig. 2) having 
a floor surface of 243 m2, a net height of 2.7 m, and a volume of 656 m3 . 
The maximum capacity is 150 pupils, resulting in a volume per person 
of 4.37 m3/pers. Even in this case walls and ceiling are plastered and 
the floor is finished in ceramic tiles. No furniture, carpets or curtains are 
in the room apart from tables and seats.

The third canteen (P2) is an L-shaped room (Fig. 3), having a floor 
surface of 136 m2, a net height of 2.7 m, and a volume of 367 m3. The 
maximum number of seated occupants is 107, resulting in a volume per 
person of 3.43 m3/pers. The walls and ceiling are finished in plaster, 
and the floor is finished in hard polished stone. No furniture is in the 
room. A summary of the main geometric and acoustic features of the 
three spaces is given in Table 1.

2.2. Measurement protocol

Two different sets of measurements were carried out in each room. 
First, room acoustic measurements were carried out under unoccupied 
conditions, measuring impulse responses according to ISO 3382-2 [25]. 
2

All the specifications prescribed for “engineering” method were used. 
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Fig. 2. Plan, cross-section and interior view of the canteen in primary school 
P1.

Table 1

Summary of the main geometric and acoustic quantities ob-

served in the selected spaces: V=room volume (m3), N=max-

imum number of occupants, A0 = overall absorbing area under 
unoccupied conditions (500-2000 Hz) (m2).

ID V N V/N A0 A0/V A0/N S𝑓 /N

N1 212 50 4.24 20.3 0.096 0.41 1.57

P1 656 150 4.37 29.7 0.045 0.20 1.62

P2 367 107 3.43 22.7 0.062 0.21 1.27

With reference to sound source, instead of using an electro-acoustic 
source, complying with directivity limits set by ISO 3382-1 [26], for 
practical reasons balloon bursts were used to excite the rooms. As the 
major limitation resulting from using balloons is related to a difficult-

to-control directivity pattern, particularly at low frequencies, for each 
source-receiver combination two impulse responses were recorded, tak-

ing care to carefully randomize the point of impact at every burst to 
limit repeatability issues due to directionality. In any case, as the mea-

surements were aimed at determining the reverberation time, directivity 
issues were not considered to be a problem. Impulse responses were 
recorded using a pair of omnidirectional microphones (Soundman OKM 
II), worn by one of the authors and connected to a Tascam DR08 portable 
recorder. Post-processing and acoustical parameters calculations were 
made using Matlab scripts. Reverberation time was calculated consid-

ering a 20 dB decay to ensure that a proper signal-to-noise ratio was 
available across the whole frequency range of interest. In each space, at 
least two source positions were used and three receiver positions.
The second set of measurements was carried out under fully occupied 
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Fig. 3. Plan, cross section and interior view of the canteen in primary school P2.

conditions when lunch was served. In this case, a calibrated 01 dB SOLO 
sound level meter equipped with a GRAS 40AR random incidence micro-

phone was used. The sound level meter was mounted on a tripod during 
the measurements, in a central position located at least 2 m from any 
direct sound source. Measurements covered the whole lunchtime, ar-

ranged in 15-minute recording sessions, including entrance, eating, and 
exiting phases. In case of P1 two consecutive shifts were considered, in 
order to characterize sound levels generated by both nursery school and 
primary school pupils. One-third octave band levels (mean, minimum 
and maximum), statistical levels, and overall A-weighted level were de-

termined.

2.3. Subjective survey

In addition to objective measurements, a simple questionnaire was 
administered to three classes of the two primary schools (two in P1 and 
one in P2). The questionnaires were presented to fourth and fifth graders 
only, during normal lesson time, under the supervision of the teach-

ers, after a brief introduction about noise and sound was given, and 
explaining that they were aimed at evaluating their acoustic percep-

tion in the school canteen during lunch time. Responses were collected 
anonymously and only if the participants wanted to participate. Ques-

tions were limited in number and presented in the form of five-point 
ordinal scales with descriptors and visual aids (in the form of emoticons) 
to better match the descriptor with the question (Fig. 4). Questions were 
aimed at investigating: 1) the quality of hearing other students seated 
at the same table; 2) the quality of hearing other students seated at the 
other tables; 3) annoyance due to noise; 4) hearing and understand-
3

ing teachers and assistants. In addition, questions with dichotomous 
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Fig. 4. An excerpt from the questionnaire survey.

answers (yes/no) were finally presented to investigate: 1) if they per-

ceived too much noise; 2) if they felt quiet after spending time in the 
canteen; 3) if they had problems hearing the teacher after the lunch 
service; 4) if they felt angry or irritated after lunch. Results of the ques-

tionnaires were not used to explore correlations with noise levels, as 
they were not collected in the same space and at the same time as the 
measurements, but only helped to understand the impact that canteen 
noisiness may have on the general perception of the students.

2.4. Modelling sound pressure levels in spaces with several speaking 
occupants

To discuss results and evaluate suitability of the analyzed spaces, it 
was interesting to take advantage of the model proposed by Rindel [27]

to express the A-weighted ambient noise level 𝐿𝑁,𝐴 as a function of the 
number of simultaneously speaking occupants (𝑁𝑆 ), the overall absorb-

ing area in the room (𝐴), and the A-weighted sound power level for one 
person speaking (𝐿𝑊 ,𝐴)

𝐿𝑁,𝐴 =𝐿𝑊 ,𝐴 + 10 log𝑁𝑆 − 10 log(𝐴∕4) (1)

The number of simultaneously speaking occupants is calculated by 
dividing the total number of occupants 𝑁 by the “group size” 𝑔 (i.e. the 
number of persons per speaker, usually a number between 3 and 5).

The A-weighted sound power level for a speaking person is, on the 
other side, dependent on the background noise according to the Lom-

bard effect which states that:

𝐿𝑆,𝐴,1𝑚 = 55 + 𝑐(𝐿𝑁,𝐴 − 45) (2)

where 𝐿𝑆,𝐴,1𝑚 is the A-weighted sound pressure level at 1 m from the 
mouth of the speaker and 𝑐 is the Lombard slope, describing the in-

crease in level resulting from every dB background noise exceeding the 
45 dB threshold (below that value people are assumed to speak normally 
without increased effort). According to several studies as collected by 
Lazarus [28] 𝑐 varies between 0.5 and 0.7 (Table 2). So, considering the 
speaker as a point source with a directivity index of 3 dB, it is possible 
to combine Eq. (1) and (2) to obtain:

𝐿𝑁,𝐴 = 1
1 − 𝑐

(69 − 45𝑐 + 10 log𝑁𝑆 − 10 log𝐴) (3)

From Eq. (2) it is also possible to derive the signal-to-noise ratio (𝑆𝑁𝑅) 
given by 𝐿𝑆,𝐴,1𝑚 −𝐿𝑁,𝐴, according to which it can be shown that:

𝑆𝑁𝑅 = 10 − (𝐿𝑁,𝐴 − 45)(1 − 𝑐) (4)

So, if 𝑐 is assumed to be 0.5, 𝑆𝑁𝑅 is 10 dB under optimal condi-

tions (i.e. 𝐿𝑁,𝐴 ≤ 45 dB), and then decreases to 0 dB when 𝐿𝑁,𝐴=65 
dB. In addition, Eq. (3) can be used to derive the “acoustic capacity” 
of a room with an overall absorption 𝐴, defined as the maximum num-

ber of occupants allowed in the room for “Sufficient” quality of verbal 
communication, where the latter is achieved when signal-to-noise ratio 
is ≥ −3 dB within a distance of 1 m. As previously said the number of 

occupants is related to the number of speakers by means of the “group 
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Table 2

Group-size values found in previous studies.

Ref. Environment Lombard slope 𝑐 Group-size 𝑔

Tang et al. [10] university canteen double slope1 –

Hodgson et al. [29] university canteen 0.7 3

Rindel [27] restaurants 0.5 3-4

Pinho et al. [13] primary / nursery canteens 0.4 2

Devos et al. [20] nursing homes 0.5 8

D’Orazio et al. [30] museum 0.4 4

Wang et al. [11] university canteen – 4-82

Calia et al. [12] university canteen 0.5 83

1 𝐿𝐴,𝑁 > 69 dB was the threshold value; 2 the value increase with ambient noise; 
3 em
restrictions due to the COVID-19 pand

size” 𝑔. As shown in Table 2, 𝑔 is dependent on different factors, and, 
in a noisy canteen with densely packed occupants is likely to be close 
to the lowest values. Based on these assumptions, the acceptable level 
can be calculated as the value that ensures at least a 𝑆𝑁𝑅 of –3 dB, 
or a 𝐿𝑁,𝐴 of 71 dB, often rounded off to 70 dB to provide some extra 
margin.

To understand the best strategy to improve the conditions in spaces 
like those under investigation, Eq. (3) points out the essential role of 
overall absorption 𝐴, assuming that the number of occupants is often 
difficult to modify due to lack of space and need to optimize time for 
lunch which force to exploit the maximum possible seating capacity. In 
rooms with no extra sound absorption, the major contribution to 𝐴 is 
given by the occupants. 𝐴 is given by the sum of the absorption in the 
unoccupied room 𝐴0 = 0.16 ⋅ 𝑉 ∕𝑇0 (where 𝑉 is the room volume and 
𝑇0 the reverberation time), and due to the occupants 𝑁 ⋅𝐴𝑝, where 𝐴𝑝

is the extra absorption per person that depends on frequency, posture 
(seated or standing), clothing and age. Literature provides several alter-

native values for 𝐴𝑝 [31,32] but, to account for the A-weighted level 
returned by the formula, a value between 0.3 and 0.5 m2 is usually 
adopted, depending on seat typology, clothing and age of the occupants 
[27]. Considering the age of the occupants, in the subsequent part the 
smaller value will be used. Finally, assuming 𝑐 = 0.5 and expliciting the 
group-size parameter 𝑔, it is possible to determine 𝐿𝑁,𝐴 as a function 
of occupants number and room absorption.

𝐿𝑁,𝐴 = 2
[
46.5 − 10 log𝑔 − 10 log

(
0.16𝑉
𝑇0𝑁

+𝐴𝑝

)]
(5)

Anyway, the case with no extra absorption is a limiting case, mostly 
found in existing spaces, while for new or refurbished spaces standards 
provide a minimum value of absorption. Italian standard UNI 11532-2 
[2] defines design criteria for acoustical optimization of schools and, 
regarding canteens, it prescribes a minimum absorbing area (under un-

occupied conditions) given by:

𝐴∕𝑉 ≥ [2.13 + 4.69 ⋅ log(ℎ∕1)]−1 (6)

where ℎ is the room height and the calculation needs to be performed 
for all the octaves from 250 Hz to 2000 Hz.

3. Results

3.1. Reverberation times

Measured reverberation times (𝑇20) showed quite different values 
among the surveyed canteens (Fig. 5), basically as a consequence of 
their volumes. In fact, P1 showed the longest 𝑇20 , followed by P2, and 
N1. Some scattering in the measured values appeared, as expected, in 
the lowest frequency bands, but the variations were generally small. 
Calculating the mean absorption coefficient, by taking into account ac-

tual volume and total surface area, returned a value varying between 
0.04 and 0.05 for P1 and P2, and slightly higher, equal to 0.07, for N1, 
possibly because of the different seats and tables (Fig. 1).

Taking into account the procedures explained in UNI 11532-2 stan-
4

dard [2] it was possible to compare the measured values against the 
ic applied.

Fig. 5. Reverberation time (𝑇20) as a function of frequency in the three canteens 
surveyed, measured under unoccupied conditions (–) and predicted under full 
occupancy with Sabine’s formula (- -).

optimal values suggested for category A.6.4 (including canteens and 
bars). Considering the height of 2.7 m, for all the rooms the limiting 
𝐴∕𝑉 ratio should be greater than 0.240 m−1 using Eq. (6). Taking into 
account the measured 𝑇20 and the volume of each canteen, the aver-

age ratio among the octaves is 0.09 m−1 for N1, 0.04 m−1for P1, and 
0.06 m−1 for P2. Thus, it is largely below the desired value, as recom-

mended by the standard, suggesting that a significantly larger amount 
of sound-absorbing treatments would be needed.

Based on the measured 𝑇20 values and on the volume of each room, 
it was possible to calculate, using the methods proposed by Rindel [9], 
assuming generically 𝑐=0.5 and 𝑔=4, the acoustic capacity of each 
space, resulting in 6.3, 8.4, and 6.7 persons, respectively for N1, P1, 
and P2. As the acoustic capacity is defined as the maximum number of 
persons in a room allowing sufficient quality of verbal communication, 
such values confirm that the spaces are far from being suitable for use 
by the expected number of pupils.

Using the equivalent absorption per person given in the standard [2], 
it was also possible to calculate the predicted values of the reverbera-

tion time under fully occupied conditions. These values were calculated 
using Sabine formula, assuming an ideally diffuse sound field. However, 
based on the amount of absorption due to occupancy, resulting in a mean 
absorption higher than 0.1, Eyring formula might have been more ap-

propriate but, given the lack of scattering elements on the walls and the 
ceiling, and the concentration of absorbing elements only on the floor, 
it is likely that non-diffuse behaviour may take place and longer rever-

beration times might be observed in practice.

3.2. Sound pressure levels

Concerning sound pressure measurements, Fig. 6 shows the time 
histories for the three selected spaces and, for P1, for two different 
occupancy conditions. It can be observed that, during lunchtime, the 

short 𝐿𝑒𝑞 (calculated regarding a 2 s time interval) varies within a rel-
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Fig. 6. Time histories recorded in the three surveyed canteens: a) N1, b) P1𝑁 , 

atively narrow range (about 10 dB) in all the cases. Only in the N1 
case, a larger variation is observed, with a maximum (around 90 dB) at 
the very beginning (pupils entering the space and taking place), and a 
slight decrease of around 70 dB toward the end of lunchtime when the 
first classes started to exit the space. In the primary schools, the levels 
remained more stable around 80 and 90 dB in P1 during the first shift 
when nursery school pupils were in the room (later on referred as P1𝑁 ), 
and around 85 and 95 dB in P1 during the second shift when primary 
school pupils, mostly 4th and 5th graders were in the room (later on re-

ferred as P1𝑃 ), and P2. The averaged 𝐿𝑁,𝐴 over the entire measurement 
period were 81.4 dB, 84.9 dB, 89.9 dB and 89.2 dB, respectively for N1, 
P1𝑁 , P1𝑃 , and P2. The maxima observed in the four cases were 95.4 dB, 
95.9 dB, 97.6, and 99.5 dB respectively. The lowest levels were observed 
in N1, where the overall number of occupants was smaller in combina-

tion with higher absorption per person (𝐴0∕𝑁) resulting in the lowest 
reverberation time. The loudest levels were found in P1𝑃 and P2 cases. 
The latter was expected because the volume per person and the floor 
surface per person were the lowest compared to the others. However, 
to explain the similarity in 𝐿𝑁,𝐴 between the second shift in P1 and P2, 
despite different volume and occupancy, it was interesting to observe 
that both P1 and P2 shared the same absorbing area per person (Tab. 
1). Conversely, the 5 dB variation between the first and second shift in 
P1 could be certainly explained as a function of a slightly lower occu-

pancy in the first case (with about 80% of the seats actually occupied), 
but, as it will be better discussed later, this variation was not sufficient 
to justify such a reduction in level, which was likely to be related to an 
increased group size, as suggested in Table 2.

In terms of spectrum, Fig. 7 shows that the three average spectra 
were relatively similar and overlapped, with a significant rise between 
200 Hz and 5 kHz, clearly related to the specific characteristics of the 
voices of the small occupants. In case of P2, it was observed that max-

ima exceeded 80 dB up to 12.5 kHz, while in the other cases, a steeper 
fall was observed. This was realistically related to the much more com-

pact arrangement of tables and, as already stated, the lower volume per 
person. In terms of minima, it is worth noting that N1 showed the lowest 
values, likely as a consequence of the reduction of the occupants during 
the last part of the measurement period, as demonstrated by the simi-

larity with background noise spectra. In fact, the shape of the spectrum 
remained similar, with the voice-related peak appearing in the 200 Hz 
- 5 kHz range. Despite exposure time is relatively limited, the observed 
values may represent a serious issue for pupils and workers. Similar val-

ues were only found in one case by Cotana et al. [14] in the canteen 
with the highest occupancy.

3.3. Questionnaires

Regarding subjective responses (see Table 3), 48 questionnaires were 
collected in P1 and 21 in P2. Concerning the intelligibility between stu-

dents seated at the same table, in P1 they were symmetrically distributed 
around the centre value, while in P2 the distribution was skewed to-

wards the lowest grades, with a strange 19% of responses stating very 
good intelligibility. Moving to the intelligibility of speech between stu-

dents seated at different tables, most of the responses, more or less 
equally distributed, were distributed among ratings from 1 to 3, sug-

gesting a very hard time understanding what is said at other tables. 
Ratings were very similar concerning the intelligibility of the teacher or 
other operators, with 81% of negative evaluation (1-2) in the case of P2. 
It is worth pointing out that no one rated intelligibility as “very high” in 
both schools for the last two questions. Finally, concerning noise annoy-

ance, coherently with previous results, in P1 61% of the responses were 
equal to three or higher, while in P2 the percentage raised to 86%, with 
a 24% of very highly annoyed. Despite a relatively uniform distribution 
of ratings among the various categories, it is interesting to point out that 
c) P1𝑃 , and d) P2. when asked if there was too much noise in the canteen, 96% of the inter-

viewees in P1 and 100% in P2 answered “yes”. This might be explained 
5

as a consequence of the difficulty of quantifying their sensations, while 
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Fig. 7. One-third octave band spectrum calculated over the entire measure-

ment time in the three surveyed canteens (shaded areas represent minimum-

maximum range), compared to background levels (dotted curves) measured 
before lunch time. a) Canteen N1 and P1, with nursery school pupils; b) Can-

teens P1 and P2 with primary school students.

Table 3

Percent distribution of subjective rat-

ings (1=very low, 5=very high), per-

taining to the different questions.

Rating

1 2 3 4 5

Same table intelligibility

P1 5 27 36 27 5

P2 5 48 19 9 19

Other table intelligibility

P1 30 45 15 11 0

P2 29 33 33 5 0

Teacher intelligibility

P1 13 33 40 14 0

P2 38 43 14 5 0

Noise annoyance

P1 10 29 31 23 7

P2 0 14 38 24 24

the simple and direct question required a more direct (and easy to pro-

vide) answer. Despite such a high number of dissatisfied, it is good to 
observe that 73% of the students in P1 and 67% in P2 felt quiet once 
they got out of the canteen, suggesting that the remaining part (about 
one-third) was not. Coherently, 19% of respondents in P2 and 12% in 
P1 had problems hearing the teacher (once in the classroom), and 8% in 
P1 and 14% in P2 even felt angry or irritated after spending time in the 
canteen. Such results confirm what the measured sound pressure levels 
already suggested, with nearly all of the occupants of the canteens being 
6

dissatisfied and significant percentages of them declaring short-term au-
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Table 4

Measured and predicted noise levels 𝐿𝑁,𝐴 due to speech in 
the three spaces under investigation, as a function of dif-

ferent occupants.

ID Measured Pred. (g=4) g𝑎𝑑𝑎𝑝𝑡 Pred. (g𝑎𝑑𝑎𝑝𝑡)

N1 81.4 83.6 5 82.0

P1𝑁 84.9 86.7 5 84.3

P1𝑃 89.9 87.5 3 89.5

P2 89.2 87.2 3 89.4

ditory (difficulty in hearing) and non-auditory (feeling upset or angry) 
effects that certainly raise concerns.

3.4. Analysis of acoustic capacity and corrective measures

The observed results clearly raise some concerns about exposure 
limits for both children and school workers who operate in canteens. 
According to World Health Organization [33] the maximum daily expo-

sure level to prevent hearing loss is set to 70 dB, resulting from a weekly 
exposure of 80 dB for a maximum of 40 hours. For sensitive listeners like 
children, such limit is further reduced by 5 dB [34]. Thus, the weekly 
sound allowance for children exposed to 85 dB is reached after 5 hours, 
which reduce to 1 hour and 15 minutes if the level rises to 90 dB. For 
adults, the weekly limit with the latter level is reached after 5 hours of 
exposure. Consequently, While for the nursery school (N1) the situation 
seemed not critical (also considering that the lunchtime for each class is 
about 30 minutes), for primary schools where mean 𝐿𝑒𝑞 approaches 90 
dB, some sort of corrective action is needed to reduce risks of hearing 
damage. In addition, under these critical conditions, the possibility to 
communicate (and consequently the social value of eating together) was 
severely impaired and apart from subjects seated closely, the conversa-

tion was impossible and many children remained isolated. Observation 
during the measurements also showed that some of the pupils were pro-

tecting their ears with their hands when they were not eating.

To this purpose, starting from the formulas discussed in Sec. 2.3, it 
was possible to first check their validity and then investigate the amount 
of sound absorption that should be applied in the space to make them 
usable for a large number of users or, vice versa, to define the acoustic 
capacity corresponding to each room configuration.

It was interesting to observe that, without any correction and us-

ing actual occupancy values, the predictive formula (Eq. (5)) returned 
values close but not exactly equal to measured values (Table 4). In par-

ticular, it appeared that values were overestimated when the occupancy 
was made of nursery pupils, while it was underestimated when the space 
were occupied by primary school pupils. As hypothesized in the analysis 
of the differences appeared in P1 between the two shifts, it is reasonable 
to assume that the younger occupants tend to interact less among them 
(and site observation actually confirmed this), increasing the group size, 
while the primary school pupils were more sociable and this reduced the 
group size. By assuming adapted values of 5 and 3, respectively for the 
younger and older occupant groups, the new predicted L𝑁,𝐴 values be-

came 82 dB and 84.3 dB for N1 and P1𝑁 , and 89.5 dB and 89.4 dB for 
P1𝑃 and P2. A better agreement could be obtained by adding decimals 
to 𝑔 values, but given the limited sample, an approximation based on 
integer numbers was considered sufficient.

That proposal is not properly a model calibration carried out over 
a range of occupancy and relative 𝐿𝑁,𝐴 as a function of occupancy 𝑁 . 
However, it should be considered that in school canteens, occupancy 
is almost always constant: children enter and exit simultaneously. This 
indeed justifies the rather regular trend of ambient noise levels: the stan-

dard deviation between 𝐿𝑁,𝐴 values is less than 2 dB for measurements 
taken during meal times, and the value is a bit higher for the nurs-

ery, as one might expect. Values further from the average occur at the 
beginning and end of the service, when children enter or exit the envi-
ronment. Moreover, the measured values fall within a saturation region 
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Fig. 8. Predicted sound pressure level as a function of ceiling treatment and occupants’ number in a) nursery school N1, b) Primary school P1 𝑔=3, c) Primary school 
P1 𝑔=5, d) Primary school P2.
of the predictive model, as they are well above 75 dB(A). To have signif-

icant variations in ambient level, we would need substantial variations 
in occupancy, which is not possible in school canteens for the reasons 
mentioned above. The (contained) variations in ambient noise levels 
can, therefore, be attributed to the natural behaviour during meal ser-

vice and the behaviour of the talkers. It should be noted that in this 
region, the Lombard Effect equation used in ISO 9921 (which is the ba-

sis of the Rindel model) can lose generality: the group size may increase 
because some children may intentionally choose to remain silent [12], 
or the Lombard slope may have a dual slope [21].

Starting from this adjustment in the formulas, considering that the 
ceiling is the only surface that in, all of the cases, is free to be treated, in 
the subsequent discussion its surface was supposed to be covered with 
different materials, having different absorption coefficients.

• The baseline treatment was derived from UNI 11532-2 standard 
[2] with particular reference to Eq. (6). The difference between the 
minimum absorbing area and that already existing in each space 
(under unoccupied conditions), was added.

• The whole ceiling was supposed to be covered by a “medium ab-

sorbing” treatment with 𝛼𝑊 = 0.6.

• The whole ceiling was supposed to be covered by a “highly ab-

sorbing” treatment with 𝛼𝑊 = 0.9.

• The whole ceiling was supposed to be covered by highly absorbing 
baffles, capable of doubling the actual absorbing area, compared to 
the previous case.

As shown in Figs. 8a and 8b baffles were the only way to achieve 
acceptable acoustic conditions while keeping the number of occupants 
as high as it is currently. Acoustic capacity (Table 5) dropped signifi-

cantly for all the other solutions that were investigated, including the 
one based on minimal recommended values based on national standards 
which allows comfortable conditions for a fraction of the whole capac-

ity, depending on 𝑔 values (Fig. 8b, c). Regarding case P2 (Fig. 8d) the 
7

situation was even worse, because, being the room with the lowest vol-
Table 5

Predicted acoustic capacity relative to the three spaces under 
investigation, as a function of different absorption treatments: 
Occup= occupants only, UNI=minimum according to UNI 
11532-2 (A.6.4), Baff.=baffles covering whole ceiling.

ID Occup. UNI 𝛼𝑤 = 0.6 𝛼𝑤 = 0.9 Baff.

N1 8 20 25 35 >𝑁𝑚𝑎𝑥

P1 (g=5) 12 61 70 98 >𝑁𝑚𝑎𝑥

P1 (g=3) 7 36 39 57 110

P2 5 20 24 33 61

ume per person, even using the baffle treatment the acoustic capacity 
reached a maximum of 61 persons, but remained significantly below the 
maximum usual occupancy. As this room was the one with the lowest 
floor surface per person, this result suggested that optimal absorption 
needs to be adapted accordingly, to account for denser occupant distri-

butions.

4. Discussion

The absorption suggested by UNI 11532-2 standard, although signif-

icant, may be considered satisfactory only in terms of noise exposure, 
because, even in case of full occupancy, 𝐿𝑁,𝐴 remains below 80 dB, 
which ensures, even in case of a daily exposure of one hour, a weekly 
average of 65 dB, which is below the recommended limit. However, in 
terms of verbal communication and vocal effort, the resulting absorp-

tion does not seem to be enough for spaces like school canteens where 
many seats are packed in a relatively small space. In fact, rearranging 
Eq. (3) and Eq. (6) as a function floor area per person, assuming 𝑐 = 0.5
and 𝑔 = 4, it yields:

𝐿𝑁,𝐴 = 81 − 20 log
(

𝑆𝑓ℎ∕𝑁
2.13 + 4.69 logℎ

+𝐴𝑝

)
(7)

Where 𝑆𝑓 is the floor area. So, it can be observed that the 70 dB 

value results from a floor surface of about 5 m2 per seat, which seems 



F. Martellotta, D. D’Orazio, D. De Carolis et al.

Fig. 9. Comparison of predicted sound pressure level as a function of floor area 
per person, obtained using Eq. (6) and Eq. (8).

Fig. 10. Plot of overall absorption per room volume 𝐴∕𝑉 as a function of room 
height and minimum floor area per person (𝑆𝑓∕𝑁𝑚𝑎𝑥).

a little bit too generous even for fine-dining restaurants where a max-

imum of 2 m2 per person is usually considered as a design criterion, 
which reduces to 1 m2 per person in case of fast-foods and canteens. In 
the present cases the floor area per person spans between 1.3 and 1.6 
m2/pers, thus, to ensure good acoustic comfort, a much higher absorb-

ing area than that recommended by Eq. (6) is needed, as demonstrated 
by results obtained when baffles were used for acoustic treatment. To 
compute the absorption that is necessary to get the 70 dB target, Eq. (7)

was reworked to obtain a final 𝐿𝑁,𝐴 of 70 dB, and, by normalizing the 
expected absorbing area as a function of room volume, and introducing 
the minimum floor area per person (given by 𝑆𝑓∕𝑁𝑚𝑎𝑥), so that the ex-

tra absorption can be better adapted to the characteristics of each space, 
a new formula is proposed, yielding:

𝐴∕𝑉 ≥

(
14.12
𝑔

−𝐴𝑝

)
[(𝑆𝑓∕𝑁𝑚𝑎𝑥)ℎ]−1 (8)

As shown in Fig. 9, the new formula allows to obtain 𝐿𝑁,𝐴 values 
that are independent of the minimum floor area per person (resulting 
from the maximum occupancy) and of the room height, thus providing 
acceptable acoustic comfort in terms of verbal communication under the 
most severe conditions and even better conditions if the occupancy is 
lower than 100%. Fig. 10 compares 𝐴∕𝑉 ratios resulting from Eq. (6)

and those resulting from Eq. (8) with different 𝑆𝑓∕𝑁𝑚𝑎𝑥 ratios, showing 
that in spaces with high ceilings, the value converges but remains up

to three times higher for the lowest 𝑆𝑓 ∕𝑁𝑚𝑎𝑥, while in case of lower 
(normal) ceiling height, the new suggested values may be up to five 
times higher than those given by Eq. (6).

It is interesting to point out that, at least in extreme cases like those 
analyzed in this paper, using Eq. (8) to compute the requested absorp-

tion yields 𝐿𝐴,𝑁 values that change very slowly as a function of occu-

pancy, meaning that small changes in the desired 𝐿𝐴,𝑁 values can cause 
a large change in acoustic capacity. However, from a different point of 
view, this also means that there is a large tolerance both in terms of occu-
8

pancy and absorption needed. In fact, Eq. (8) was obtained by assuming 
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Table 6

Target acoustic capacity relative to the three spaces under in-

vestigation, and relevant absorbing area (𝐴𝑟𝑒𝑞) resulting from 
Eq. (8), together with variations in occupancy and absorbing 
area resulting from adoption of a 𝐿𝑁,𝐴 of 71 dB instead of 70 
dB.

ID Acoustic capacity 
[persons]

Δ𝑁
[persons]

𝐴𝑟𝑒𝑞

[m2]

Δ𝐴𝑟𝑒𝑞

[m2]

N1 50 +7 126 –15.2

P1 (g=5) 150 +20 378 –45.5

P1 (g=3) 150 +20 661 –75.9

P2 110 +15 484 –55.7

a 70 dB target, which, if relaxed to 71 dB, may on one side require a re-

duced amount of absorption (variation given as Δ𝐴𝑟𝑒𝑞 in Table 6), or, in 
case the requested absorption (𝐴𝑟𝑒𝑞) is employed, allow for a significant 
variation in the number of occupants (up to 20 for case P1).

5. Conclusions

The paper investigated the acoustical conditions in three canteens lo-

cated in a nursery school and in two primary schools, one of them also 
offering service to a nearby nursery school. In all of them, the combina-

tion of reduced volume, high occupation density, and long reverberation 
time, caused sound pressure levels to become dramatically high dur-

ing lunchtime. The averaged 𝐿𝑒𝑞,𝐴 over the entire measurement period 
were 81.4 dB, 84.9 dB, 89.9 dB, and 89.2 dB, respectively for N1, P1 
with nursery pupils, P1 with primary school pupils, and P2. Comparison 
with current health-protection standards showed that while in the first 
case the exposure levels are less critical, in the others they require much 
more attention. With reference to acoustic comfort and speech intelligi-

bility, all the cases require more absorption to be installed in the room 
to ensure that lower levels may be achieved during service hours. Af-

ter a critical discussion of the requirements stated by current standards, 
considering the limited height of the spaces that were investigated, an 
improved formula was proposed to provide acceptable acoustic comfort 
while taking into account group size, occupation density, and actual 
room height.
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