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Abstract 

The quality of listening in schools strongly affect the 

learning process of pupils. Different techniques have 

been developed to evaluate it in indoor environments, 

and among the reverberation time is the most frequently 

used factor. In the early design stage, the reverberation 

time can be evaluated by analytical correlations or 

software simulations. In this paper, the reverberation 

times obtained using analytical formulae and software 

simulations have been analysed and compared with those 

obtained by a measurement campaign, in order to 

evaluate the accuracy of these design tools. The analysis 

has been carried out in the classrooms of the School of 

Engineering of the University of Pisa. 

Introduction 

In the last decades, the quality of listening in educational 

buildings has gained a growing attention at international 

level (Trombetta Zannin, 2009; Peng, 2015; Eldakdoky, 

2017). Among the requirements to obtain high quality 

classrooms, the acoustic ones are very important because 

they are strictly related to the verbal performances of the 

teaching activities and to the speech comprehension 

(Kruger, 2004; Leccese 2018). The acoustic design of a 

classroom should be aimed to achieving the optimal 

conditions for verbal communication and well-being of 

the occupants. The learning process is lengthy and 

complex and it depends not only on the teachers’ skills 

but also by the physical and environmental conditions of 

classrooms, e.g. dimensions, shape, sound absorption 

properties, background noise, furniture characteristics 

and distribution, etc. (Leccese, 2015a; Sala, 2016). 

At national and international levels, many efforts have 

been made to improve legislation, but in Italy many 

classrooms still have inadequate acoustic quality 

(Astolfi, 2008; Leccese, 2018). 

Among the various factors which affect the indoor 

auditory environment, reverberation is the most widely 

used (Bistafa, 1999; Gramez, 2017; Leccese, 2016; 

Leccese, 2015b; Passero, 2010). In fact the 

Reverberation Time (RT) can be calculated with 

analytical formulae in early design stage, with software 

simulations in advanced design stage and it can be 

measured in construction stage (Astolfi, 2008; Leccese, 

2015c). However, these different approaches not always 

provide congruent results, especially when comparing 

the calculated values with those measured in situ. 

In this paper a comparison among analytical formulae, 

software simulations and in situ measurements of RT in 

university classrooms is proposed. The aim of the study 

is to evaluate the accuracy of both acoustic software 

simulations and well-known RT formulae (found in the 

scientific literature), with respect to in situ 

measurements. The purpose of this work is to evaluate 

the accuracy of acoustic simulation using a 

representative sample of properly selected university 

classrooms. The knowledge of such accuracy can be 

very important because software simulations are an ideal 

way to explore options and to evaluate different possible 

solutions before the realization of the project, when 

changes would be expensive and time-consuming. 

Materials and Methods 

For the aims of this work, three university classrooms 

have been selected with different capacities, physical 

dimensions and finishing materials. The chosen 

approach is composed by the following steps: 
 

1. characterization of the analysed classrooms; 

2. calculation of RT using the Sabine and Eyring 

formulae at the octave-band frequencies of 

125÷4000Hz; 

3. simulation of RT using the Enhanced Acoustic 

Simulator for Engineers software (EASE 4.4) 

developed by AFMG, that combine source image 

and ray tracing methods; 

4. measurement of RT by interrupted noise method, in 

accordance with the EN ISO 3382 international 

technical standard. 

Characterization of the analysed classrooms 

The selected case study is composed by three classrooms 

of the School of Engineering of the University of Pisa 

(named C1, C2 and C3), with capacities between 80 and 

220 seats, including teacher stations (Figure 1). The 

materials of the analysed sample are typical of indoor 

environments for educational activities of Italian school 

buildings. Similarly to Leccese et al. (2018), the rooms 

were selected with different volumetric dimensions: 

small (the case of C1 room) with volume lower than 

500m3, medium (case C2) with volume in the range of 

500÷1000m3, and large (case C3) with volume higher 

than 650m3. All the rooms are used for traditional 

teaching and are characterized by stepped audience 

areas. The geometrical properties and other main 
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characteristics of the three classrooms are reported in 

Table 1. In Table 2 the sound absorption coefficients (, 

dimensionless) of materials attributed to all surfaces and 

the relative areas are shown; in addition for the desks 

and chairs are shown the overall number and the 

equivalent absorption area (U, m2).  

 

 

C1 C2 C3 

   

Figure 1: Pictures of the three selected classrooms of the School of Engineering of the University of Pisa. 
 

Table 1:  Geometrical properties and other main characteristics of the investigated classrooms. Legend: Di (i=1, 2), transversal and 

longitudinal length; Hi (i=min, max), height of the room; S, net area; V, net volume. 

Classroom Capacity 
D1 

(m) 

D2 

(m) 

Hmin 

(m) 

Hmax 

(m) 

S 

(m2) 

V 

(m3) 

C1 140 9.70 14.00 3.05 3.55 131 438 

C2 144 12.85 12.00 4.15 5.65 154 733 

C3 211 12.00 17.20 4.45 7.00 216 1200 

 

Table 2: Sound absorption coefficients () and areas (S) of surfaces/materials in the analysed classrooms. 

Surface 

(item) 
Materials (Reference) 

 (-) 
S (m2) 

Frequency (Hz) 

125 250 500 1k 2k 4k C1 C2 C3 

Floors 
Tiles (vitrified tiles) 0.05 0.05 0.05 0.05 0.05 0.05  44.25  

Linoleum (rubber) 0.05 0.05 0.10 0.10 0.05 0.05 61.45  110.00 

Dais and stepped Linoleum (rubber) 0.05 0.05 0.10 0.10 0.05 0.05 74.05 130.70 123.34 

Walls Plaster (normal plaster) 0.04 0.05 0.06 0.08 0.04 0,06 124.75 207.20 89.60 

Ceiling Plaster (normal plaster) 0.04 0.05 0.06 0.08 0.04 0,06 - 154.00 289.15 

False ceiling Plasterboard (plasterboard) 0.20 0.15 0.10 0.05 0.03 0.03 131.00   

Doors 

Wood (pine’s wood) 0.10 0.10 0.10 0.09 0.10 0.12 6.00  10.30 

Metal (vitrified tiles) 0.05 0.05 0.05 0.05 0.05 0.05  4.30  

Glass (closed window) 0.35 0.25 0.20 0.1 0.05 0.05 2.00  2.90 

Windows Glass (closed window) 0.35 0.25 0.20 0.1 0.05 0.05 7.20 23.40 43.20 

Door windows Glass (closed window) 0.35 0.25 0.20 0.1 0.05 0.05 8.50  8.00 

Blackboards Slate (vitrified tiles) 0.05 0.05 0.05 0.05 0.05 0.05 8.80 9.85 6.45 

 U (m2)  

Desks 
Students 

Wood (pine’s wood) 0.10 0.10 0.10 0.09 0.10 0.12 35.30 49.10 65.00 

Aluminium (vitrified tiles) 0.05 0.05 0.05 0.05 0.05 0.05 47.80 52.75 75.40 

Teacher Wood (pine’s wood) 0.10 0.10 0.10 0.09 0.10 0.12 4.30 3.60 5.00 

Chairs 

(unoccup.) 

Students Wood (pine’s wood) 0.10 0.10 0.10 0.09 0.10 0.12 28.00 29.05 42.60 

Teacher Textile (textile) 0.18 0.35 0.54 0.54 0.54 0.64 3.6 3.6 5.4 

 

Table 3: Average sound absorption coefficients (m) and total areas (ST) in the analysed classrooms. 

Classrooms 

αm (-) 

ST (m2) Frequency (Hz) 

125 250 500 1k 2k 4k 

C1 0.06 0.06 0.08 0.08 0.05 0.06 543 

C2 0.10 0.09 0.09 0.08 0.05 0.06 712 

C3 0.07 0.07 0.08 0.09 0.05 0.06 1058 

The α values have been calculated using the absorption 

coefficients available in the technical literature (Astolfi, 

2012; Leccese, 2015b). Although the choice of 

absorption coefficients to associate with the different 

surfaces of the environment represents a significant 

uncertainty (Leccese, 2015c), that method represent a 

________________________________________________________________________________________________ 

________________________________________________________________________________________________ 
Proceedings of the 16th IBPSA Conference 
Rome, Italy, Sept. 2-4, 2019

 
11

 

 
  



 

 

very common case in the professional practice due to the 

few specific information available both in the evaluation 

of existing buildings, and in the design of new buildings. 

Analytic formulae 

The RT has been calculated, as usual, using the well-

known Sabine and Eyring formulas. 

Sabine’s formula (1) is the most used for calculating RT, 

it was developed by Wallace Clement Sabine in early 

1900 (Sabine, 1922): 

RTSab=0.161 V [(Σ Si αi) + 4μV]1  (1) 

with: V (m3) the net volume of the room; Si (m3) the area 

of each surface; αi (-) the sound absorption coefficient of 

each surface; μ (m-3) the air absorption coefficient. 

Eyring’s formula (2) was proposed as a modification of 

Sabine’s formula (Eyring, 1930), it can be used to rooms 

with a great deal of absorption, “dead” rooms (i.e. with 

αm higher than 0.5): 

RTEyr=0.161 V [S ln(1–αm)  4μV]1 (2) 

whit, in this case: αm (-) the average sound absorption 

coefficient of the room, calculated as αm=[(ΣSiαi) S1]. 

Software simulations 

The software simulations have been carried out using the 

Enhanced Acoustic Simulator for Engineers software 

(EASE 4.4). The simulations require a three-dimensional 

model of the rooms that have been created using 

SketchUp 2017 and subsequently imported to EASE 4.4 

for the acoustic simulation. The SketchUp models have 

been created modelling the envelope surfaces of the 

rooms (i.e. walls, floor, dais and stepped, ceiling or false 

ceiling, windows and doors) using bi-dimensional 

surfaces, and desks and chairs using three-dimensional 

surfaces (Figure 2). Note that, in order to allow EASE 

4.4 to correctly recognize the model, it is necessary that 

all the surfaces of the three-dimensional elements (i.e. 

furnishings) are themselves envelope surfaces defining 

the volume of the model itself. After loading the model 

on EASE 4.4 the sound absorption coefficients used for 

analytical formulas have been assigned to all surfaces 

(Table 2). It can be observed that EASE 4.4 allows 

simulations in third-octave band frequencies in the range 

100÷10000Hz, but the sound absorption coefficients 

directly insert have been only for the frequencies the 

centre octave band in the range 125÷4000Hz because 

only few information are available in literature. The 

missing values have been determined by the software 

interpolating from those of the centre octave band. In 

this study, a null scattering coefficient has been applied 

to all surfaces taking on EASE 4.4 default value. In 

addition, in the simulation models and during the in situ 

measurements the omnidirectional sound sources and 

receivers has been placed in the same positions. 

Figure 4 illustrates the source and microphone positions 

scheme for the three analysed classrooms. The software 

simulations have been carried out by using the actual 

background noise levels that have been acquired during 

the in situ measurements in the three classrooms. More 

details about the measurements have been reported in the 

following section. 

Through software simulations have been possible to 

determine RT values using Sabine and Eyring formulas, 

named: RTSab/E and RTEyr/E, respectively. Furthermore, 

using the AURA module (add-on to EASE software) 

have possible to calculated more accurate values of RT 

(RTAur/E) in all receiver positions. Obviously, in order to 

allows a more detailed comparison with actual values, 

the receiver positions have been arranged in the same 

positions used for the in situ measurements. 

 

 

C1 

 

 

C2 

 

 

C3 

 

Figure 2: 3D models of the analysed classrooms (drawings not 

in scale, see also Table 1). 
 

 
Figure 3: Background noise levels used in the software 

simulations (recorded through in situ measurements within the 

analysed classrooms). 
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               C2 

 

               C3 

 

Figure 4: Scheme of source and microphone positioning for the analysed classrooms .
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Measurements 

The measurement activity have been carried out 

according to the “precision method” of the EN ISO 

3382-2, (see Table 4). This method requires at least 2 

different positions of the sound source, 3 microphone 

positions, at least 12 measurements and 3 decays in each 

microphone position.. In order to comply also with the 

requirements fixed by EN ISO 3382-1, 6 microphone 

positions has been used during the experimental activity 

in each classroom, as required for rooms with less than 

500 seats (see Table 4). The “nominal accuracy” of the 

“precision method” is assumed to be better than 2.5% in 

octave bands (EN 3382-2). The sound extinction has 

been evaluated using the interrupted noise method. Such 

method consisting in exciting the room with a pseudo-

random pink noise (sound pressure level at 1.0m from 

the source was approximately 100dB) and evaluating the 

RT from the response of the room. Before and after the 

measurements, the calibration of the sound level meter 

has been done using a specific calibrator. 

The experimental set-up used during the measurement 

activity has been composed by: a sound level meter 

Brüel&Kjær mod.2250 with a Class 1 prepolarized 

diffuse-field microphone (IEC 61672-1), an omni-

directional power source Brüel&Kjær mod.4292-L, a 

sound amplifier Brüel&Kjær mod.2716. A computer 

with the Brüel&Kjær DIRAC 5.0 software has been used 

to generate the sound signals, to acquire and to elaborate 

the measurements. An audio interface Brüel&Kjær 

mod.2716 has been used to allow the correct 

interpretation of the input (from the sound level meter to 

the computer) and output (from the computer to the 

sound amplifier) sound signals. 

 

Table 4: Numbers of measurements required by “precision method” according to EN 3382. 

Measurements information 
EN ISO 3382-1 

(≤ 500 seats) 
EN ISO 3382-2 
(Precision Method) 

Room 

C1 C2 C3 

Source-microphone combinations  12 18 20 28 

Source-positions  ≥ 2 2 2 2 

Microphone-positions 6 ≥ 3 9 10 14 

No. decays in each position  3 3 3 3 

No. decay total   54 60 84 

 
Table 5: RT values obtained in unoccupied room conditions with the analytic formulas, software simulations and measurements. 

Room f (Hz) 
Analytic formulas Software simulations Measurements 

RTSab (s) RTEyr (s) RTAur/E (s) RTSab/E (s) RTEyr/E (s) RTMeas (s) 

C1 

125 1.29 1.23 1.29 1.30 1.24 1.25 

250 1.48 1.41 1.43 1.47 1.41 1.44 

500 1.46 1.39 1.46 1.42 1.36 1.61 

1000 1.68 1.62 1.69 1.60 1.53 1.74 

2000 2.37 2.31 2.22 2.30 2.24 1.83 

4000 1.80 1.75 1.55 1.72 1.68 1.68 

C2 

125 2.89 2.80 2.91 2.93 2.84 2.38 

250 2.79 2.70 2.79 2.83 2.74 2.44 

500 2.32 2.23 2.30 2.34 2.25 2.23 

1000 2.15 2.06 2.06 2.14 2.06 2.46 

2000 3.06 2.98 2.96 3.16 3.09 2.39 

4000 2.10 2.05 1.99 2.12 2.07 2.08 

C3 

125 2.82 2.72 2.68 2.67 2.58 2.34 

250 2.80 2.7 2.62 2.65 2.56 2.12 

500 2.31 2.21 2.15 2.20 2.11 2.33 

1000 2.19 2.10 2.00 2.07 1.98 2.50 

2000 3.23 3.16 2.96 3.15 3.08 2.43 

4000 2.19 2.14 1.97 2.11 2.05 2.05 

 

 

The source positions have been chosen according to the 

standard positions of the teacher during the lectures: 

one in front of the blackboard (typical of frontal 

lessons), and the other lateral next to the teacher’s desk 

(typical lessons when the video-projector is active). 

The microphone positions have been evenly distributed 

in the area occupied by the students’ desks, considering 

the following constraints: minimum distance of the 

microphone from vertical walls 1.0m, minimum 

distance between two microphone positions 2.0m. 

According to EN 3382-2 for all measurements the 

heights of the source and microphone above the floor 

have been fixed to 1.5m and 1.2m, respectively. The 

measurement activity has been carried out in 

unoccupied room conditions during the late evening 

when the university buildings were closed for the 

students, in order to minimize the level of the 

background noise. Under these conditions, the only 

sources of background noise were the anthropic noise 

produced outside of the building and the noise 

produced by some electronic devices that remain active 

even during the closure of the university building. 

After each measurement the decay curve was starting 

at least 45dB above the background noise in the 
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corresponding frequency band (ANSI/ASA S12.60) 

has been checked. In order to verify the repeatability of 

the obtained results, at least 2 measurements for each 

rooms (to reach the 18% of the total measurements) 

have been carried out twice, obtaining negligible 

deviations (lower than 2%) of the reverberation time 

values. During the investigation in the sample of three 

rooms, the RT values have been obtained for a total of 

66 measurement points and a total of 198 number of 

decay. 

Results and Discussion 

The obtained RT values, using the analytic formulas, 

the software simulations and the in situ measurements 

have been summarized in Table 5. In Table 6, the 

average values of the RT, obtained in the different 

points with the software simulations and the in situ 

measurements, are shown. In Figure 5 the trends of the 

RT values, in the range 125÷4000Hz, are shown. From 

these results, it can be observed that the obtained RT 

values (determined using Sabine and Eyring formulas 

both with analytic calculus and with software 

simulations) are very close, with a deviation lower than 

10%. For this reason the models used for the 

simulations can be considered validated (i.e. there are 

no evident errors in the three-dimensional construction) 

and it allowed to proceed with a more in depth 

analysis. From software simulations it can also be 

noted that RTSab is always higher than RTEyr, on the 

contrary the RTSab/E is almost always lower than 

RTEyr/E. From a comparison between the RT values 

obtained with AURA simulations (RTAur/E), with those 

obtained with analytic formulas, it can be observed that 

the differences are very low for the three classrooms, 

for all the analysed frequencies (see Figure 5). 

Comparing the RT values obtained with the in situ 

measurements with the others, it can be observed that 

measured values result significantly different for 

almost all frequencies (see Figure 5). In particular, for 

the central frequencies (i.e. 500÷1000 Hz), it can be 

noted that RTMeas values are always longer than 

RTAur/E, on the contrary for the frequency of 2000 Hz 

RTMeas values are always shorter than RTAur/E. At the 

low frequencies (i.e. 125÷250 Hz) the differences 

between the measured and simulated RT values are 

very low for the classroom C1, and higher for the 

classroom C2 and C3. At the frequency of 4000 Hz the 

RT values obtained with the measurements are very 

closed with the values obtained using the formulas and 

simulations. Additional details on the deviation 

between software simulations and in situ measurements 

are showed in Table 6. The differences between RT 

values obtained with analytic formulas and software 

simulations, and the RT values obtained with the in situ 

measurements can be referable to uncertainties on the 

actual sound absorption coefficients. It is important to 

remember that the sound absorption coefficients used 

to solve the analytical formulas and conduct the 

software simulations were unknown and were assumed 

using the reference values provided in the technical 

literature (Astolfi, 2012; Leccese, 2015b), see also 

Table 2. Although this uncertainty is not negligible, the 

lack of actual sound absorption coefficients represent a 

very common case. It is necessary to keep in mind that 

the traditional materials used in the building industry 

(i.e. all the materials that do not have specific acoustic 

performances), such as plaster or aluminium, are not 

supplied with technical sheets with the sound 

absorption coefficients. In Table 6 are shown the RT 

values in unoccupied room conditions, obtained 

through in situ measurements and software simulations 

(values in brackets) for each microphone position, the 

third value in each column represents the percentage 

deviation between the two previous values. In the 

Table 6 are also shown the RT average values (RTm), 

calculated for the frequencies of 500 and 1000Hz, and 

the root-mean square deviation (RSMD) of each 

classroom. The RSMD is the square root of average of 

squared errors and can be considered as a measure of 

accuracy when forecasting data are compared with a 

specific dataset. 

 

 

C1 

 

 

C2 

 

 

C3 

 

Figure 5: RT values obtained by analytic formulas, software 

simulations and measurements in the analysed classrooms. 
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Table 6: RT values (s) in unoccupied room conditions, obtained through in situ measurements and software simulations (values in 

brackets) for each microphone position, the third value in each column represents the percentage deviation between the two previous 

values. In the Table are also shown the RT average values (RTm), calculated for the frequencies of 500 and 1000Hz, and the root-

mean square deviation (RSMD) of each classroom. 

 
500 Hz 1000 Hz 

C1 C2 C3 C1 C2 C3 

M1 1.61 (1.42) 11.8% 2.22 (2.34) 5.4% 2.30 (2.14) 7.0% 1.73 (1.77) 2.3% 2.38 (2.03) 14.7% 2.41 (1.93) 19.9% 

M2 1.57 (1.85) 17.8% 2.14 (2.42) 13.1% 2.35 (2.12) 9.8% 1.75 (1.59) 9.1% 2.39 (2.11) 11.7% 2.50 (1.94) 22.4% 

M3 1.59 (1.23) 22.6% 2.21 (2.31) 4.5% 2.34 (2.23) 4.7% 1.70 (2.13) 25.3% 2.48 (2.07) 16.5% 2.48 (1.92) 22.6% 

M4 1.58 (1.30) 17.7% 2.23 (2.25) 0.9% 2.31 (2.10) 9.1% 1.69 (1.78) 5.3% 2.49 (2.13) 14.5% 2.54 (2.01) 20.9% 

M5 1.67 (1.25) 25.1% 2.23 (2.17) 2.7% 2.21 (2.15) 2.7% 1.71 (1.66) 2.9% 2.45 (2.07) 15.5% 2.52 (2.01) 20.2% 

M6 1.63 (1.64) 0.6% 2.22 (2.23) 0.5% 2.40 (2.16) 10.0% 1.86 (1.27) 31.7% 2.56 (2.20) 14.1% 2.51 (2.02) 19.5% 

M7 1.67 (1.36) 18.6% 2.19 (2.28) 4.1% 2.39 (2.12) 11.3% 1.75 (1.74) 0.6% 2.50 (2.02) 19.2% 2.51 (1.94) 22.7% 

M8 1.55 (1.61) 3.2% 2.24 (2.31) 3.1% 2.37 (2.20) 7.2% 1.69 (1.60) 5.3% 2.43 (1.95) 19.8% 2.54 (2.02) 20.5% 

M9  2.38 (2.24) 5.9% 2.35 (2.17) 7.7%  2.41 (2.03) 15.8% 2.49 (1.94) 22.1% 

M10  2.24 (2.40) 7.1% 2.30 (2.05) 10.9%  2.46 (1.98) 19.5% 2.52 (2.09) 17.1% 

M11   2.22 (2.12) 4.5%   2.47 (2.08) 15.8% 

M12   2.37 (2.27) 4.2%   2.50 (2.03) 18.8% 

M13   2.42 (2.11) 12.8%   2.49 (1.97) 20.9% 

M14   2.51 (2.11) 15.9%   2.47 (2.06) 16.6% 

RTm 1.61 (1.46) 9.5% 2.23 (2.30) 3.1% 2.33 (2.15) 7.7% 1.74 (1.69) 2.9% 2.46 (2.06) 16.3% 2.50 (2.00) 20.0% 

RSMD 0.27 0.13 0.22 0.27 0.40 0.50 

Indeed the effect of each error on RMSD is 

proportional to the size of the squared error that means 

that it is sensitive to the outliers. RMSD is calculated 

as follows: 

RMSD={[Σ(RTAur/E – RTMeas)2] N1}1/2 (3) 

where the summation is extended to the measurement 

points of each classroom and N is the number of 

microphone positions. 

From the values reported in Table 6, it is possible to 

note that at the frequency of 500 Hz, the lowest value 

of the percentage deviation has been obtained in the 

measurement point M6 of the classroom C2 (0.5%) and 

the highest value deviation has been obtained in the 

measurement point M5 of the classroom C1 (25.1%). 

For the frequency of 1000 Hz the lowest, and the 

highest values of the percentage deviation have been 

obtained both in the classroom C1 in the measurement 

points M7 (0.6%), and M6 (31.7%). Analysing the 

average values of the percentage deviation (referred to 

RTm values), at the frequency of 500 Hz, the minimum 

value has been obtained for the classroom C2 (3.1%) 

and the maximum value has been obtained for the 

classroom C1 (9.5%). At the frequency of 1000 Hz, the 

minimum value has been obtained for the classroom 

C1 (2.9%), and the maximum value has been obtained 

for the classroom C3 (20.0%). 

Analysing the RSMD values, at the frequency of 

500Hz the minimum value has been obtained for 

classroom C2 (0.13 s) and the maximum value has 

been obtained for the classroom C1 (0.27 s). At the 

frequency of 1000 Hz, the minimum value has been 

obtained for the classroom C1 (0.27 s), and the 

maximum value has been obtained for the classroom 

C3 (0.50 s). In Figure 6, the RSMD values at different 

frequencies for the three classrooms are shown. From 

Figure 6 it is possible to observe that at 4000 Hz the 

RSMD values are very low. Indeed, at this frequency 

also the values of RTMeas and RTAur/E are very close 

(Table 5). In all the analysed classrooms the RSMD 

values are different for the various frequencies, though 

the obtained RT values are quite similar. The minimum 

RSMD values are reached at 500 Hz and 4000 Hz, 

while the maximum values are obtained at 250 Hz and 

2000 Hz. At the frequency of 125 Hz has been 

obtained a higher discrepancy of the RSMD values, 

especially for the classrooms C1 and C2. 

 

 

Figure 6: Trends of the RSMD between RT values 

measured and simulated for the three classrooms. 

 

Conclusive remarks 

In this paper a comparison among the different 

methods to determine the reverberation time is 

proposed with the aim of providing the related degree 

of uncertainty. As a case study, three university 

classrooms (School of Engineering – University of 

Pisa) were chosen because in these environments the 

quality of listening is extremely important for the 

success of the learning process. From the obtained 

results it is possible to point out that for all three 

analysed classrooms, for most of the frequencies, there 
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is not a good agreement between the measured and the 

simulated values, both punctual and average values. 

These results should not be surprising since, despite a 

correct three-dimensional modelling, the deviation 

between simulated and real values (in situ measured 

with standard procedures) is strongly dependent on the 

used sound absorption coefficients. 

In conclusion, during the preliminary design stage 

(building not yet realized), acoustic designers, while 

carrying out an accurate modelling, should assume a 

series of uncertainties related to the choice of sound 

absorption coefficients of building materials whose 

acoustic performances are generally not known, and 

which can easily lead to significant changes in the 

expected reverberation time. These uncertainties can be 

particularly detrimental in learning environments 

where incorrect acoustic conditions can have higher 

impact than other types of environments. 
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