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Summary
In Europe, in situ measurements of sound reflection and airborne sound insulation of noise barriers are usu-
ally done according to CEN/TS 1793-5. This method has been improved substantially during the EU funded
QUIESST collaborative project. Within the same framework, an inter-laboratory test has been carried out to
assess the repeatability and reproducibility of the newly developed method when applied to real-life samples,
including the effect of outdoor weather variability and sample ageing. This article presents the statistical analysis
of the inter-laboratory test results, and the values of the repeatability and the reproducibility, both in one-third
octave bands and for the single-number ratings. The estimated reproducibility values can be used as the extended
measure of uncertainty at the 95% credibility level in compliance with the ISO GUM. The repeatability and re-
producibility values associated with airborne sound insulation are also compared with the corresponding values
for laboratory measurements in building acoustics and an acceptable agreement is found.

PACS no. 43.58.Gn, 43.58.Vb, 43.50.Gf, 43.55.Rg

1. Introduction

Noise barriers are one of the most frequently used means
to reduce the impact of noise emanating from roads, rail-
ways and factories. Amongst their most important char-
acteristics are their ability to not reflect part of the inci-
dent sound energy, and to reduce sound transmission from
the noise source on one side to the neighborhood on the
other side. These characteristics can be assessed with lab-
oratory tests under a diffuse sound field [1, 2]. The Eu-
ropean project ADRIENNE made it possible to measure
these characteristics in situ under a direct sound field [3].
In Europe, in situ measurements of sound reflection and
airborne sound insulation of noise barriers are currently
done according to CEN/TS 1793-5 [3, 4]; a separate new

Received 27 September 2013,
accepted 15 July 2014.

normative standard has recently become available for air-
borne sound insulation [5]. This method has been validated
by several authors, but the repeatability and reproducibil-
ity of the method has been only occasionally estimated and
reported in the literature [6, 7, 8, 9]. The in situ method
has been substantially improved during the EU funded
QUIESST project [10, 11, 12, 13]. Moreover, in the same
framework, an inter-laboratory test (ILT) has been carried
out in order to assess the repeatability and reproducibility
of the newly developed method when applied to real-life
samples [13, 14, 15].
In this article, the most relevant aspects of the QUIESST

inter-laboratory test are discussed. The values for repeata-
bility and reproducibility are presented, both in one-third
octave bands and for the single-number ratings. The val-
ues are also compared, whenever possible, with the cor-
responding values for laboratory measurement methods.
Finally, some recommendations for future standards are
presented.
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2. The QUIESST measurement method
for sound reflection and airborne sound
insulation

CEN/TS 1793-5 [4] describes a methodology for the in
situ measurement of sound reflection and airborne sound
insulation of noise barriers applicable to flat and non-flat
products; a separate new normative standard has recently
become available for airborne sound insulation [5]. Such
a measurement is required for the characterization of the
noise barrier and the verification of its intrinsic acoustic
performance, once constructed aside of a road or railroad.
In the framework of the EU funded QUIESST project,
the measurement method was thoroughly revised and up-
graded, increasing its robustness and reliability. Here only
a brief outline of the QUIESST method is given, as the
main focus of this article is on the repeatability and repro-
ducibility assessment. Interested readers are referred to the
QUIESST documentation [10, 11, 12] or reference [13].

2.1. Sound reflection

For measuring sound reflection a loudspeaker and a 3×3
square microphone array (0.80×0.80m) are positioned in
front of the noise barrier at a distance of 1.5m and 0.25m
respectively from the vertical plane touching the most pro-
truding part of the barrier on the traffic side, as shown in
Figure 1; a multichannel impulse response measurement
is taken. Then the sound source and the microphone grid,
keeping the same relative distance, are moved away from
any reflective object, allowing to acquire a multichannel
“free-field” measurement. From the measured data a quan-
tity called reflection index, RI , is computed, defined as

RIj =
1
nj

nj	
k=1

�
Δfj



F [hr,k(t) wr,k(t)]


2df�

Δfj



F [hi,k(t) wi,k(t)]


2df

· Cgeo,k Cdir,k(Δfj)Cgain,k(Δfg), (1)

where hi,k(t) is the incident reference component of the
free-field impulse response at the k-th measurement point
(microphone); hr,k(t) is the reflected component of the im-
pulse response taken in front of the sample under test at
the k-th measurement point (microphone); wi,k(t) is the
time window (Adrienne shape [4]) for the incident refer-
ence component of the free-field impulse response at the
k-th measurement point (microphone); wr,k(t) is the time
window (Adrienne shape) for the reflected component at
the k-th measurement point (microphone); F denotes a
Fourier Transform operation; j is the index of the one-third
octave frequency bands (between 100Hz and 5 kHz); Δfj
is the width of the j-th one-third octave frequency band;
k is the microphone number (k = 1 to 9); nj is the num-
ber of microphone positions on which to average; Cgeo,k
is a correction factor used to compensate the geometrical
divergence at the k-th measurement point and takes into
account the path difference from the direct and reflected
waves; Cdir,k(Δfj) is a correction factor used to compen-
sate the difference of sound source directivity, at the k-th

Figure 1. Example of a sound reflection index measurement in
situ.

measurement point, due to different incidence angles of di-
rect and reflected waves on the microphones; Cgain,k(Δfg)
is a correction factor used to compensate a gain mismatch
(if any) of the amplification settings between the “free-
field” and “in front of barrier” measurement configurations
[11, 13, 16].
A careful choice of the Adrienne analysis window

length (7,9ms or 6,0ms), on each impulse response gath-
ered from the different microphones, allows to improve the
low frequency resolution of the measurement and obtain
valid data down to 200Hz, for a 4m high barrier [11, 13].
The measurement made in front of the barrier is “cleared”
from the direct wave by subtracting in the time domain
the anechoic part of the free-field impulse response. The
latter is aligned to the barrier measurement by means of
a time-shifting operation, performed in the frequency do-
main by taking the Fourier Transform of the free-field sig-
nal, changing its phase by a small amount and inverse
transforming the data in order to obtain a fractional trans-
lation on the time axis of the original impulse response
[11, 13]. Following the procedure specified in [11] it is
sure that an overlap between the sound reflected by the
sample under test and the sound reflected on the ground
never occurred in the one-third octave bands from 200Hz
to 5 kHz. Measured values in the three one-third octave
bands 100Hz, 125Hz and 160Hz are kept for information.
The analysis window has no influence on the repeatability
and reproducibility of the measurement method for sound
reflection, because it must always be placed by each labo-
ratory according to strict rules [10, 11, 13, 5] in exactly the
same position, with the same shape and the same width.
CEN/TS 1793-5 also specifies the computation of a sin-

gle number rating, called DLRI and expressed in dB, from
the reflection index values in one-third octave bands and
the noise spectrum given in EN 1793-3 [17], in order to
categorize and compare different noise barriers.

2.2. Airborne sound insulation

The procedure described in CEN/TS 1793-5 for measur-
ing airborne sound insulation is robust and easily appli-
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Figure 2. Example of airborne sound insulation measurement in
situ.

cable, and the new normative revision [5] did not involve
notable changes. For insulation measurements, the same
microphone grid and loudspeaker used for the reflection
index measurement are employed, but the positioning and
computation are different. As before two measurements
are performed: in the first the microphone grid is placed
at 0.25m from the noise barrier on the receiver side and
the sound source on the opposite side of the barrier (traffic
side), at a distance of 1m from the reference plane (Fig-
ure 2); the second measurement is taken after placing the
microphone grid and the loudspeaker in free-field condi-
tions (away from any obstacle), keeping the same distance
between them.
The so called sound insulation index, SI , is then com-

puted as

SIj = −10 log10

1n
n	

k=1

�
Δfj



F [ht,k(t) wt,k(t)]


2df�

Δfj



F [hi,k(t) wi,k(t)]


2df

, (2)

where hi,k(t) is the incident reference component of the
free-field impulse response, measured at the k-th micro-
phone of the grid; ht,k(t) is the transmitted component of
the impulse response, measured at the k-th microphone of
the grid; F is the symbol of Fourier Transform; k is the
microphone identifier in the grid (k = 1 to 9); j is the in-
dex of the one-third octave frequency bands from 100Hz
to 5 kHz; Δfj is the width of the j-th one-third octave fre-
quency band; wi,k(t) is the time window (Adrienne tem-
poral window [5]) for the incident reference component

of the free-field impulse response at the k-th microphone
position; wt,k(t) is the time window (Adrienne temporal
window) for the transmitted component of the free-field
impulse response at the k-th microphone position; n = 9 is
the total number of microphones in the grid.
The analysis window has no influence on the repeata-

bility and reproducibility of the method for airborne sound
insulation, because it must always be placed by each labo-
ratory according to strict rules [10, 12, 13, 5] in exactly the
same position, with the same shape and the same width.
The European standard [5] also specifies the computa-

tion of a single number rating, called DLSI and expressed
in dB, from the sound insulation index values in one-third
octave bands and the noise spectrum given in EN 1793-
3 [17], in order to categorize and compare different noise
barriers.

3. The inter-laboratory test

One of the goals of the QUIESST project was to evaluate
the uncertainty of the new measurement method for sound
reflection in situ. Some partial indications did exist, but al-
ways in terms of repeatability and reproducibility on a lim-
ited number of measurements and mostly for the former
ADRIENNE method and not for the new QUIESST one
[6, 7, 8, 9]. Actually, the new measurement method is too
new and too complex to attempt a mathematical model or
even to specify the different components of an uncertainty
budget according to the GUM [18]. Therefore, it was de-
cided to assess the uncertainty through an inter-laboratory
test [14, 15], as well as:
• to involve eight European laboratories, the minimum
number usually recommended (see for example [19,
20]), each one responsible for providing a complete
measuring equipment and two skilled operators to ap-
ply the new method on the selected test sites;

• to set up two test sites in different European countries
where to build the test samples;

• to keep the Grenoble test site (France), which was al-
ready used in the former ADRIENNE project [3]; this
permits to test samples which for sure were relevant and
to save some budget;

• to prepare some new samples, flat and non flat, sound
absorbing and sound reflecting; some of them represen-
tative of the European market, some others designed to
check critical aspect of the method; the new samples
had to be built on a purposely prepared test site in Val-
ladolid (Spain);

• to have a supervising panel, composed by an expert of
this kind of in situ measurement from UNIBO and an
expert of statistical analysis from TNO.

At a later stage, it was deemed necessary to widen the aim
of the ILT including also the evaluation of the repeatability
and reproducibility of the sound insulation index measure-
ment method, now standardized in EN 1793-6 [5]. This ad-
ditional task required a careful balance between the need
for accuracy and the need to stay within the allocated bud-
get (to prepare the test sites, construct the new samples,
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Table I. Participating laboratories.

Name Country

Austrian Institute of Technology (AIT) Austria

Bundesanstalt für Straßenwesen (BASt) Germany

Centre Scientifique et Technique
Bâtiment (CSTB) France

Fundación para la Investigación y Desarrollo
en Transporte y Energía (CIDAUT) Spain

Katholieke Universiteit Leuven Belgium

Laboratoire Régional des Ponts et
Chaussées de Strasbourg (LRPC) France

Rheinisch-Westfälische Technische Hochschule
Aachen – Institute of Technical
Acoustics (RWTH–ITA) Germany

University of Bologna Italy

cover travel expenses to the test sites of two operators for
each laboratory with their full equipment, etc.).
Overall, it was possible for 8 European laboratories to

measure in a blind inter-laboratory test 13 samples placed
on 2 test sites: Grenoble (France) and Valladolid (Spain).
On average, each laboratory team spent one week on each
test site.
The participating laboratories are shown in Table I in

alphabetical order. In the rest of the paper, a randomly as-
signed code letter will anonymously refer to the laborato-
ries.
Summarizing, it was possible to have the minimum

number of laboratories and a relevant number of samples.
On the other hand, the complexity of the method and bud-
get limitations did not allow for more than one measure-
ment cycle per site and per laboratory. This fact, together
with the influence of outdoor weather variability and age-
ing of most samples resulted in an uncertainty estimate
which is not as low as possible. It rather represents a realis-
tic estimation of what can be obtained in real-life situation
in the field.

3.1. Selection of the test samples

As mentioned above, the test samples had to cover the
widest possible range about:
• geometry: some samples had to be flat, other moder-
ately non flat and other strongly non flat;

• sound absorption: some of them had to be strongly
sound absorbing, other moderately absorbing and other
sound reflecting;

• materials commonly in use in Europe: at least concrete,
timber, perforated metallic cassettes, wood chips and
concrete, acrylic sheets, glass wool.

The choice of samples also had to respect the minimum
dimension requirements specified in [4] and [5], with a
span between adjacent posts of 4m. The combination of
all these requirements in few test samples on two test sites
resulted in the combination of samples and sites specified
below.

(a)

(b)

Figure 3. (a) Overview of the Grenoble test site from the East
side. Left: Metallic cassettes filled with rock wool. Centre: Re-
flecting zigzag. Right: Porous wood chips and cement. The sam-
ples are separated by 2m wide smooth concrete walls similar to
sample 1. (b) Sketch of the plan view of the complete test wall.
For the sample description, see Table II.

Table II. Samples in the Grenoble test site.

N Name Dimensions

1 Smooth concrete wall
(on the rear of sample 3) 4×4m

2 Metallic cassettes filled with rock wool 4×4m
3 Porous wood chips and cement 4×4m
4 Reflecting zigzag 4×4m
5 Absorbing zigzag 4×4m
6 Half-absorbing zigzag 4×4 m

3.1.1. The Grenoble test site

The first test site is located in Grenoble, France, and was
already used in the former ADRIENNE project [3]. A gen-
eral view of the site is shown in Figure 3a. A sketch of the
layout of the samples is shown in Figure 3b. On the site
there were six samples (i.e. 3 samples on each test facil-
ity side), listed in Table II, built one aside the other and
separated by 2m wide smooth concrete slabs.
The smooth concrete wall (sample 1) and the porous

wood chips and cement sample (sample 3) were built back
to back. In this configuration, sound reflection measure-
ments were surely possible on the exposed sides, while
the practicability of sound insulation measurements was
questionable; in fact some laboratories did not measure it
for samples 1 and 3 (see Table V). Samples 1 to 3, built
more than 15 years ago, were well aged and supposed not
to change too much from the time of the test by one labo-
ratory to the other.
The absorbing zigzag (sample 5) and the half-absorb-

ing zigzag (sample 6) were set up applying mineral wool
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Table III. Samples in the Valladolid test site.

N Name Dimensions

7 Strongly non flat metallic wall
(sound absorbing) 8×4m

8 Flat absorbing wall (concrete +
rock wool + perforated metallic plate) 8×4 m

9 Flat absorbing timber barrier 8×4m
10 Non flat absorbing porous concrete A3 8×4m
11 Non flat absorbing green wall 8×4.5m
12 Non flat extra absorbing green wall 8×4.5m
13 Non flat absorbing porous concrete A2 8×4 m

panels to the structure of the reflecting zigzag (sample
4), which was made of smooth painted plywood boards,
0.40m wide, joined at right angles. In order to set up the
half-absorbing zigzag (sample 6), only half of the plywood
surface had to be covered with mineral wool, in alternat-
ing vertical strips. It is worth noting that during the tests
the mineral wool panels have been put up and down man-
ually each time: this may have left different layers of air
between the mineral wool panels and the plywood, influ-
encing the overall sound absorption. Thus, the absorbing
and half-absorbing samples were actually slightly differ-
ent for each laboratory. This may explain some unexpected
differences found among laboratories for the sound reflec-
tion index of these samples. Samples 4 to 6 were intended
for sound reflection measurements only, in order to check
the measurement method over strongly non flat samples;
in fact, they have a challenging shape. On the other hand,
the airborne sound insulation of plywood panels is low and
sound leaks were not sealed; therefore, airborne sound in-
sulation measurements were not taken for these samples.
EN 1793-6 prescribes that airborne sound insulation

should be measured across the acoustic elements as well
as across posts for each sample. On the other hand, the
compact arrangement of the test samples used in Grenoble
implies that posts were generally shared between differ-
ent samples, so that posts cannot generally be said to be
part of a specific sample. Therefore, measurements across
posts were not taken into account for the Grenoble test site.

3.1.2. The Valladolid test site

The second test site is located in Valladolid, Spain. A gen-
eral view of the site is shown in Figure 4. On the site there
are seven samples, listed in Table III, built one aside the
other and free standing. It is worth noting that all samples
were newly built, so that ageing outdoors in the initial part
of their life could have had an undesirable effect, chang-
ing to same extent the characteristics of the samples from
the time of the test by one laboratory to the other (mea-
surements were done from spring 2011 to fall 2011). On
the other hand, the time schedule allowed by the European
project did not allow waiting several months for ageing all
samples.
The strongly non-flat metallic wall (sample 7) was

sound absorbing because the perforated non flat parts
cover a thick mineral wool layer. The samples 10 and 13

Figure 4. Overview of the Valladolid test site. From left to right:
non flat absorbing green wall, non flat absorbing porous concrete
A3, non flat absorbing porous concrete A2, flat absorbing timber
barrier, Flat absorbing wall, strongly non flat metallic wall (the
latter is the same sample in Figure 1).

were both made of porous concrete panels, moderately
non flat, having different mixtures. The samples 11 and 12
were intended to be green walls, i.e. concrete structures to
be filled with hearth and vegetation, but actually during the
tests they were partly filled only with dry earth. As these
two samples were built back to back and are very massive,
sound reflection measurements were surely possible on the
exposed sides, while the practicability of sound insulation
measurements was questionable; in fact no laboratory did
measure it for samples 11 and 12 (see Table V).
It is important to keep in mind that all these new sam-

ples were originally intended for testing sound reflection
only. Due to the average workmanship used, the samples
were not perfectly homogeneous and had several sound
leaks. At the beginning, this was not considered critical for
sound reflection, but later on, during the statistical analysis
of airborne sound insulation data, this fact turned out to be
very important as a limiting factor in obtaining an optimal
(low) standard deviation of repeatability and reproducibil-
ity.

4. Measurement results

The individual results are too abundant to be reported
here in detail. As an example, Figures 5 and 6 show the
sound reflection index values obtained for sample 5 on the
Grenoble test site and sample 7 on the Valladolid test site,
respectively. Figures 7 and 8 show the sound insulation in-
dex values obtained for sample 13 and sample 7 on the
Valladolid test site, respectively.
Table IV reports the single number ratings for sound re-

flection. It is worth noting that some laboratories did not
measure on sample 6, due to some misunderstanding of
the instructions given to all participants. Table V reports
the single number ratings obtained for the sound insula-
tion across the acoustic elements. It is worth noting that
some laboratories did not provide data for some samples,
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Figure 5. Sound reflection index values for sample 5 (absorbing
zigzag) on the Grenoble test site. Gray lines: results for each lab-
oratory. Black line: general mean.
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Figure 6. Sound reflection index values for sample 7 (strongly
non flat metallic wall) on the Valladolid test site. Gray lines: re-
sults for each laboratory. Black line: general mean.

because specific samples were in a “back to back” configu-
ration or because they failed to get valid data. Table VI re-
ports the single number ratings of sound insulation across
the posts on the Valladolid test site. It is worth noting that
one laboratory forgot to measure the airborne sound insu-
lation of sample 13 across posts.

5. Statistical analysis

5.1. General issues

The statistical analysis of the single number ratings has
been carried out using values that have not been rounded,
even though the guidelines [11] and [5] require that the
single number rating values are rounded to the nearest non-
negative integer.
The reason to work with more decimal places than re-

quired by the guidelines is that the rounded off part can be
an appreciable percentage of the original measurements.
As a result, standard deviations and other measures of vari-
ability will be inaccurate if based on the rounded values.
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Figure 7. Sound insulation index values across acoustic elements
for sample 13 (non flat absorbing porous concrete A2) on the
Valladolid test site. Gray lines: results for each laboratory. Black
line: general mean.
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Figure 8. Sound insulation index values across acoustic elements
for sample 7 (strongly non-flat metallic wall) on the Valladolid
test site. Gray lines: results for each laboratory. Black line: gen-
eral mean.

According to ISO GUM [18], the accuracy of measure-
ment is the closeness of the agreement between the result
of a measurement and a true value of the measurand, where
“measurand” stands for a well-defined physical quantity,
i.e. the sound reflection index, the airborne sound insu-
lation index in the selected one-third octave bands and
their respective single number ratings. In the context of
the present inter-laboratory test, there are:
• 247 measurands for sound reflection, namely the 18

RI (f ) plus the DLRI for each of the 13 samples;
• 152 measurands for airborne sound insulation of the
acoustic elements, namely the 18 SI (f ) plus the
DLSI,E for each of the 8 measurable samples;

• 95 measurands for airborne sound insulation across
posts, namely the 18 SI (f ) plus the DLSI,P for each
of the 5 measurable samples.

It is worth noting that the single number ratings have been
considered as independent measurands as far as the uncer-
tainty calculation is concerned (see also [21]), in order to
derive their repeatability and reproducibility from the val-
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Table IV. Single number ratings DLRI , in dB, for sound reflec-
tion. Samples 1 to 6: Grenoble. Samples 7 to 13: Valladolid.

Laboratory
Sample A B C D E F G H

1 0 0 0 0 0 0 0 0
2 7 7 7 7 7 7 6 7
3 8 8 8 8 8 8 8 7
4 0 0 0 0 0 0 0 0
5 16 15 12 16 15 12 16 15
6 11 - - 11 - - 9 8
7 8 9 8 8 8 8 8 9
8 3 3 4 4 3 4 3 6
9 5 6 5 5 4 6 5 7
10 3 3 3 4 3 3 3 5
11 3 3 4 4 2 3 3 4
12 7 8 7 9 6 6 6 7
13 2 3 3 2 2 2 2 4

Table V. Single number ratingsDLSI,E , in dB, for airborne sound
insulation across acoustic elements. Samples 1 to 3: Grenoble.
Samples 7 to 13: Valladolid.

Laboratory
Sample A B C D E F G H

1 - 52 51 51 - 54 52 54
2 38 39 39 40 40 40 39 38
3 - 51 - 51 - 53 51 54
7 33 33 34 33 36 35 33 38
8 51 51 - 53 53 56 - 55
9 25 24 24 25 - 28 24 27
10 - 63 - 61 61 65 - 64
13 - 55 - 55 62 62 - -

Table VI. Single number ratings DLSI,P , in dB, for airborne
sound insulation across posts, obtained in Valladolid.

Laboratory
Sample A B C D E F G H

7 24 23 24 24 27 26 24 27
8 23 23 23 22 24 24 23 23
9 24 23 24 24 26 27 24 24
10 19 19 19 17 22 23 20 19
13 22 22 22 20 - 21 22 21

ues given by each laboratory on each tested sample as for
the one-third octave band values.
The true values of the measurands are unknown, how-

ever. Therefore, what can be determined are the repeata-
bility and the reproducibility of the measurement process,
including the measurement method itself plus the labora-
tory, weather, sample ageing and random variances. The
repeatability r is the random variation under constant mea-
surement conditions (same laboratory, same operator(s),
same equipment, short interval of time). It is the best ap-
proach to quantify the variability under homogeneous con-
ditions. It is worth noting that separate repeatability values

can be calculated for each of the one-third octave bands as
well as for the single number rating. As the single number
rating is a kind of weighted average of the respective one-
third octave band values, its repeatability will be smaller
than any of the repeatability values of the constituent one-
third octave bands.
The reproducibility R is the random variation under

changed conditions of measurement (different laborato-
ries, different operator(s), different equipment, any inter-
val of time). Again, it is possible to calculate this value
for the separate one-third octave band values as well as for
the single number rating, where the reproducibility for the
single number rating is probably smallest.
In this paper r and R are expressed as 2× sr and 2× sR,

respectively, where sr is the standard deviation of mea-
surements on one and the same object taken under similar
conditions briefly after each other, while sR is the standard
deviation of measurements on one and the same object un-
der different conditions. This is called an expanded un-
certainty measure. It is worth noting that repeatability and
reproducibility become better when r and R get smaller.
With this choice, the interval [y −R; y +R], where y is

the value of a single measurement, gives a 95% lower and
upper bound for the true value of a single measurement
taken by a randomly chosen laboratory. It is shown later
in the paper that there is an appreciable inter-laboratory
variation. Therefore, reproducibility and not repeatability
should be chosen to declare the 95% credibility interval of
a measurement.
Here and in the following the term “credibility interval”

is used in place of the more widespread term “confidence
interval” to point to the Bayesian approach to data anal-
ysis used in this work. Consider the reproducibility R for
DLRI . The frequentist approach to statistics considersR as
an unknown but fixed quantity, which is estimated, based
on data. A 95% confidence interval is an interval such that
it includes the true value in 95% of the cases were data
are collected. Therefore, a stated 95% confidence interval
might not include the true value. The Bayesian approach
to statistics (adopted in the GUM [18]) models R as a ran-
dom variable, which has a probability distribution. Based
on the data collected in the study, the so- called posterior
distribution of R models our present state of knowledge
about this quantity. A 95% credibility interval is a sum-
mary of this distribution and tells where R is positioned
with a probability of 95%.

5.2. Sound reflection

In the following, we first propose a statistical model to
evaluate the data. For ease of presentation, the discussion
is focused on the single number rating DLRI only. How-
ever, the entire discussion applies equally well to each con-
stituent one-third octave band value RI (f ). In principle,
using ANOVA the variation of the measurements around
the overall mean can be decomposed in a contribution of
the laboratory, a contribution of the sample, and a so-called
residual. The main interest in an inter-laboratory test is in
the size of the residual variation and in the variation among
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the laboratories. This is because these two sources of vari-
ation determine the repeatability and reproducibility of the
measurements. Both repeatability and reproducibility in-
clude the residual variation. However, this makes sense
only if the residual variation does not depend on the labo-
ratory or on the sample. Otherwise, it is not appropriate to
present a single number summary of the repeatability and
reproducibility.

5.2.1. Modeling approach for the single number rating
of sound reflection index

Figure 9 shows that the residual variation may depend on
the sample that was measured. In particular the measure-
ments on the absorbing zigzag (sample 5) seem to have a
larger random variation than the measurements taken on
the rest of the barriers. This dependency invalidates the
usual statistical analysis method using ANOVA. There-
fore, an alternative statistical modelling approach has been
adopted, which can handle random variations that depend
on experimental factors.
The model used in the statistical analysis is

DLRI,ijk = Li + e1,ij + Sk + e0,ijk dB, (3)

where DLRI ,ijk is the measurement of laboratory i (i =
1, . . . , 8) on the k-th sample (k = 1, . . . , 13) at location
j (j = 1, 2); Sk is the true value of DLRI,ijk for the k-
th sample (k = 1, . . . , 13); Li is the effect of laboratory
(i = 1, . . . , 8); e1,ij is the random variation between the 16
measurement sessions (8 labs×2 sites); e0,ijk is the resid-
ual (random) variation.
e1,ij can be calculated by studying the eight differences

in location mean values, one for each laboratory. It is as-
sumed that the random contribution of the measurement
sessions e1,ij is normally distributed with mean 0 and vari-
ance σ21 . It is assumed that the e0,ijk are identically and
independently distributed normal variables with means 0
and variance σ20k. So, the random error within the sessions
depends on the sample.
The model was fitted to the data using Bayesian metho-

dology [22]. Key elements of this methodology are (1) the
model, (2) the prior distribution of the model parameters,
(3) the data and (4) the posterior distribution of the model
parameters given the data. The prior and posterior distri-
butions are briefly discussed in the following.
A prior distribution of the model parameters models our

present state of knowledge of these parameters in terms of
probability distributions. In this paper, we use the so-called
“uninformative priors” to express our initial ignorance at
the beginning of the study. For example, the prior distri-
bution of the 13 Sk values for DLRI were modeled with a
normal distribution with mean 10 and standard deviation
10. Given the usual values of this single number rating,
this is a very broad distribution with 95% of the realiza-
tions between 10 ± 1.96 · 10. This can adequately express
the state of affairs at the start of the study.
The posterior distribution is in fact an updated prior dis-

tribution based on the data. We summarize this distribu-
tion by giving the median and 95% or 90% credibility in-
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Figure 9. Residual variation for the 13 samples; single number
rating of sound reflection index.
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Figure 10. Random variation for the 13 samples; single number
rating of sound reflection index.

tervals. Note that we also give such intervals for standard
deviations and r and R values.
Based on this model, the 95% credibility intervals for

the random variation in each of the samples have been cal-
culated; they are shown in Figure 10.
Also 95% and 99% credibility intervals for the 78 dif-

ferences between the random variations in pairs of sam-
ples have been calculated. The results (not shown) point
to a difference between the absorbing zigzag (sample 5)
and the rest, although there are occasionally other sample
pairs that differ in their random errors.
In the next modelling step, the data have been mod-

elled with a separate random error for the absorbing zigzag
(sample 5). Figure 11 depicts the laboratory effects. As
these effects are deviations from the mean value of the
sample, they are centred on zero. The plot shows medi-
ans and 90% credibility intervals of the laboratory effects.
Here 90% intervals are used rather than 95% intervals be-
cause they are smaller, and may therefore be more discrim-
inating. A study of pair wise differences did not reveal sub-
stantial between-laboratory differences. For this reason, an
appropriate next modelling step is to assume that laborato-
ries contribute to the random variation between measure-
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Table VII. 95% credibility intervals for standard deviations, re-
producibility and repeatability of DLRI , in dB.

Parameter min max

Std. deviation session/laboratory 0.22 0.62
Std. deviation all samples excl. sample 5 0.44 0.62
Std. deviation sample 5 0.97 3.01
Repeatability (r) 0.88 1.23
Reproducibility (R) 1.08 1.62

ments together with the random effects between the 16
measurement sessions.
A plot for the sample means values and uncertainties

follows (Figure 12). It is worth noting that the uncertain-
ties for the samples differ. In particular, the uncertainty in
the absorbing zigzag (sample 5) is larger than for the oth-
ers.
Turning now to the random variation in the DLRI val-

ues, Figure 13 shows the standard deviations of the three
random variables that model this variation. The standard
deviation for the absorbing zigzag (sample 5) is substan-
tially larger than the remaining two components of random
error.
For the calculation of repeatability (r) and reproducibil-

ity (R), it is therefore better to exclude the random varia-
tion of the absorbing zigzag (sample 5). The intervals for
the various standard deviations, as well as for repeatability
and reproducibility are shown in Table VII.
It is worth noting that r and R give the expanded uncer-

tainty of DLRI from measurements before rounding off.
Denoting a single measurement before rounding with y,
the two values round(y − 1.62) and round(y + 1.62) can
be taken as a rounded 95% credibility interval for the true
value of a measurement. The value of 1.62 is the upper
bound for the reproducibility R in Table VII. It is there-
fore likely that the interval is too wide. For this reason, the
constructed interval is called conservative.
For example, a measured value of DLRI = 14.12 dB be-

fore rounding off the single number rating of the reflection
indexDLRI has 95% credibility limits of (14.12−1.62) dB
and (14.12 + 1.62) dB. After rounding, the single number
rating is 14 dB with lower and upper margins of 13 dB and
16 dB, respectively.

5.2.2. r and R of sound reflection index in one-third
octave bands

For the individual measurements in one-third octave
bands, the same form of model as for the DLRI can be as-
sumed. That is, the random error for the absorbing zigzag
(sample 5) is different from the random error of other sam-
ples, and there are random contributions of laboratory and
measurement session. In the 315Hz one-third octave band
this is not true (see Figure 5), but for the sake of simplic-
ity the same model has been kept for all bands. The repro-
ducibility and repeatability based on the random error of
the barriers excluding the absorbing zigzag sample have
been calculated. The results are visualized in Figures 14
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Figure 11. Laboratory effects; single number rating of sound re-
flection index.
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Figure 12. Sample means; single number rating of sound reflec-
tion index.
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Figure 13. Random variation of the DLRI values.

and 15. The exact values of repeatability and reproducibil-
ity are given in Table VIII.
The plot of r and R values shows medians and 95%

credibility intervals. Reproducibility values are never
smaller than repeatability values because they include
both inter-session and intra-session random variations.
The most striking feature of the plot is the sharp decline
in r and R values for the initial one-third octave bands.
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Figure 14. Repeatability (r = 2sr) of the sound reflection index,
RI , in one-third octave bands. Black line: median; shaded area:
95% credibility interval.
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Figure 15. Reproducibility (R = 2sR) of the sound reflection
index, RI , in one-third octave bands. Black line: median; shaded
area: 95% credibility interval.

5.3. Airborne sound insulation

5.3.1. Modelling approach for the single number rating
of sound insulation index across acoustic ele-
ments

There are eight measurable samples for airborne sound
insulation. Figure 16 shows that the residual variation of
DLSI,E may depend on the sample that was measured. In
particular the measurements on sample 13 (non flat ab-
sorbing porous concrete A2) seem to have a larger random
variation than the measurements taken on the rest of the
samples. Therefore, the random error within the sessions
depends on the sample. For this reason, also for airborne
sound insulation a statistical model similar to that used for
sound reflection – see equation (3) – has been adopted.
Based on this model, the 95% credibility intervals for the
random variation in each of the barriers have been calcu-
lated, and shown in Figure 17.
Also 95% and 99% credibility intervals for the 28 differ-

ences between the random variations in sample pairs have
been calculated. The results (not shown) point to a differ-
ence between sample 13 and the rest, although there are

Table VIII. Repeatability and reproducibility intervals at 95%
credibility level for RI .

Band Repeatability Reproducibility
[Hz] Median Low High Median Low High

100 0.49 0.42 0.59 0.53 0.46 0.63
125 0.23 0.20 0.28 0.28 0.24 0.35
160 0.12 0.10 0.14 0.18 0.15 0.24
200 0.16 0.14 0.19 0.21 0.18 0.28
250 0.15 0.12 0.17 0.20 0.17 0.26
315 0.16 0.14 0.19 0.20 0.17 0.25
400 0.14 0.12 0.17 0.19 0.16 0.24
500 0.13 0.11 0.16 0.18 0.15 0.23
630 0.18 0.15 0.21 0.22 0.18 0.27
800 0.20 0.17 0.24 0.24 0.21 0.29
1000 0.17 0.15 0.20 0.20 0.17 0.25
1250 0.19 0.16 0.23 0.23 0.20 0.29
1600 0.23 0.20 0.27 0.27 0.23 0.32
2000 0.21 0.18 0.25 0.25 0.21 0.30
2500 0.21 0.18 0.25 0.25 0.21 0.30
3150 0.24 0.20 0.28 0.28 0.24 0.33
4000 0.30 0.26 0.36 0.33 0.29 0.40
5000 0.33 0.28 0.39 0.37 0.32 0.46
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Figure 16. Residual variation for the 8 measurable samples; sin-
gle number rating of sound insulation index of acoustic elements.

occasionally other sample pairs that differ in their random
errors. Thus, in the next modelling step, the data have been
modelled with a separate random error for sample 13. Fig-
ure 18 is a plot of the laboratory effects. The plot shows
medians and 95% credibility intervals of the laboratory ef-
fects.
A study of pair wise differences revealed between-

laboratory differences between laboratories F and H on the
one hand and A, B, C, D and G on the other hand, while
E has an intermediary position. For this reason, the next
modelling step has the following features:
1. as before, each sample has its own true value;
2. there are two groups of laboratories, viz. F and H versus
the rest;

3. there are random differences between the laboratories
within a group;
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Figure 17. Random variation among the 8 measurable samples;
single number rating of sound insulation index of acoustic ele-
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4. the measurement variability for sample 13 differs from
the variability of other samples;

5. there is a random variation between the measurement
sessions.

A plot for the sample means is shown in Figure 19. Note
that the uncertainties for the samples differ. In particular,
the uncertainty for sample 13 is larger than for the oth-
ers. The measurements of laboratories F and H are 1.69–
3.04 dB higher than those of the remaining laboratories;
the stated interval is a 95% credibility interval. We do not
choose to resolve the difference between the laboratories
F and H versus the rest in the present paper. We leave this
difference out of our estimation of repeatability and re-
producibility and assume that two different values of the
DLSI,E can be reported which have the same uncertainty.
Turning now to the random variation in the DLSI,E val-

ues, Figure 20 shows the standard deviations of the three
random variables that model this variation. The standard
deviation for sample 13 is substantially larger than the re-
maining two components of random error.
For the calculation of repeatability r and reproducibil-

ity R, it is therefore better to exclude the random variation
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Figure 19. Sample means; single number rating of sound insula-
tion index of acoustic elements.
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Figure 20. Random variation of the DLSI,E values.

Table IX. 95% credibility intervals for standard deviations, re-
producibility and repeatability of DLSI,E , in dB.

Parameter min max

Std. deviation session/laboratory 0.07 0.67
Std. deviation all samples excl. sample 13 0.77 1.24
Std. deviation sample 13 1.85 12.93
Repeatability r 1.54 2.48
Reproducibility R 1.62 2.61

of sample 13. The intervals for the various standard devi-
ations, as well as for repeatability and reproducibility are
shown in Table IX.
Denoting a single measurement before rounding with y,

the two values round(y−2.61) and round(y+2.61) can be
taken as defining a rounded conservative 95% credibility
interval for the true value of a measurement.

5.3.2. r and R of the sound insulation index of acoustic
elements in one-third octave bands

For the individual measurements in one-third octave bands
the same form of model as for theDLSI,E can be assumed,
i.e., the random error for sample 13 is different from the
random error of other barriers. The results from labora-
tories F and H differ from the rest, and there are random
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Figure 21. Repeatability (r = 2sr) of the airborne sound insu-
lation index, SI , across acoustic elements, in one-third octave
bands. Black line: median; shaded area: 95% credibility interval.
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Figure 22. Reproducibility (R = 2sR) of the airborne sound in-
sulation index, SI , across acoustic elements, in one-third octave
bands. Black line: median; shaded area: 95% credibility interval.

contributions of laboratory and measurement session. The
reproducibility and repeatability based on the random er-
ror of the samples excluding sample 13 have been calcu-
lated. The results are visualized in figures 21 and 22. The
exact values of repeatability and reproducibility are given
in Table X. The plot of r and R values shows medians and
95% credibility intervals. The most striking differences in
the plot are those in the 2000Hz and 2500Hz one-third
frequency bands, for which there is a difference of about
3 dB between reproducibility and repeatability.

5.3.3. Modelling approach for the single number rating
of airborne sound insulation across posts

Figure 23 shows the residual variation plotted versus the
sample single number rating. There are three outlying val-
ues in the plot. These correspond to the measurements by
laboratory F on samples 13 and 10 and the measurement
by laboratory H on sample 7, all in the Valladolid test site.
In view of this, we proceed with an analysis where these
values are omitted.

Table X. Repeatability and reproducibility intervals at 95% cred-
ibility level for SI across acoustic elements.

Band Repeatability Reproducibility
[Hz] Median Low High Median Low High

100 7.79 6.29 10.01 7.93 6.40 10.22
125 6.56 5.28 8.43 6.69 5.42 8.59
160 4.20 3.39 5.37 4.28 3.47 5.50
200 3.33 2.69 4.29 3.41 2.77 4.40
250 2.02 1.60 2.63 2.15 1.73 2.79
315 2.37 1.91 3.03 2.45 1.97 3.14
400 2.24 1.76 2.94 2.42 1.94 3.15
500 2.36 1.84 3.09 2.58 2.06 3.41
630 2.50 1.94 3.35 2.83 2.27 3.81
800 2.88 2.27 3.73 3.04 2.44 3.95
1000 3.86 3.11 4.96 3.98 3.21 5.11
1250 3.58 2.75 4.70 3.97 3.19 5.25
1600 3.69 2.77 5.38 5.38 4.19 7.86
2000 1.91 1.46 2.63 4.90 3.58 7.41
2500 1.83 1.39 2.50 4.45 3.26 6.91
3150 2.99 2.27 4.11 3.67 2.90 5.08
4000 4.90 3.88 6.41 5.15 4.08 6.85
5000 4.35 3.30 5.78 4.82 3.83 6.45
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Figure 23. Residual variation for the 5 samples with measurable
posts; single number rating for the sound insulation index across
posts.

In the next modelling step, the laboratory effects have
been studied; see Figure 24. The plot shows medians and
95% credibility intervals of the laboratory effects.
A study of pair wise differences revealed between-

laboratory differences between laboratories E and F on one
hand and the remaining laboratories on the other hand. For
this reason, the proposed next modelling step has the fol-
lowing features:
1. as was the case for the element measurements, each
sample has its own true value;

2. there are two groups of laboratories, viz. the pair of E
and F, versus the rest;

3. there are random differences between the laboratories
within a group.

A plot for the sample mean values follows (Figure 25).
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Figure 24. Laboratory effects; single number rating for sound in-
sulation index across posts.
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Figure 25. Sample means; single number rating for airborne
sound insulation across posts.

Table XI. 95% credibility intervals for standard deviations, re-
producibility and repeatability of DLSI,P , in dB.

Parameter min max

Std. deviation session/laboratory 0.08 0.61
Std. deviation all samples 0.46 0.80
Repeatability (r) 0.92 1.60
Reproducibility (R) 1.03 1.83

The measurements of laboratories E and F are 1.71–
3.03 dB higher than those of the remaining laboratories;
the stated interval is a 95% credibility interval.
Turning now to the random variation in the DLSI,P val-

ues, the intervals for the various standard deviations, as
well as for repeatability and reproducibility are shown in
Table XI.
Denoting a single measurement before rounding with y,

the two values round(y−1.83) and round(y+1.83) can be
taken as defining a rounded conservative 95% credibility
interval for the true value of a measurement.
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Figure 26. Repeatability (r = 2sr) of the airborne sound insula-
tion index, SI , across posts, in one- third octave bands.

5.3.4. r and R of the sound insulation index across
posts in one-third octave bands

For the individual post measurements in one-third octave
bands, the same form of model as for the DLSI,P can be
assumed. That is, the results of laboratories E and F dif-
fer from the rest, and there is a random contribution of
the laboratory on top of the measurement error. The re-
producibility and repeatability based on the random er-
ror of the samples have been calculated. The results are
visualized in Figures 26 and 27. The exact values of re-
peatability and reproducibility are given in Table XII. The
plot of r and R values shows medians and 95% credibil-
ity intervals. The most striking differences in the plot are
those in the 3150Hz–5000Hz one-third frequency bands,
for which there is a difference of 0.5 dB to 1 dB between
reproducibility and repeatability. It is worth noting that the
dispersion of the data at high frequencies is larger than that
at low frequencies. For a possible explanation of this fact,
it should be recalled that airborne sound insulation across
posts is usually influenced by sound leaks at panel-post
junctions. These leaks are very directive at high frequen-
cies, so that minimal differences in microphone positions
among the different laboratories result in different values
of the sound insulation index.

6. Comparison with the laboratory method
– Airborne sound insulation

It would be interesting to compare the repeatability and re-
producibility data obtained in the frame of the QUIESST
project with similar data for laboratory measurements. Un-
til now, ILT on laboratory measurements on noise barri-
ers have not been performed. A few ILT have been done
in the building acoustics sector, particularly on airborne
sound insulation. The comparison should be done keep-
ing in mind that field measurements generally have worst
repeatability and reproducibility than laboratory ones and
that QUIESST measurements are done outdoors under a
directional sound field while building acoustics measure-
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Figure 27. Reproducibility (R = 2sR) of the airborne sound in-
sulation index, SI , across posts, in one-third octave bands.

Table XII. Repeatability and reproducibility intervals at 95%
credibility level of SI across posts.

Band Repeatability Reproducibility
[Hz] Median Low High Median Low High

100 1.63 1.28 2.14 7.93 6.40 10.22
125 1.07 0.84 1.42 6.69 5.42 8.59
160 0.85 0.67 1.14 4.28 3.47 5.50
200 0.82 0.64 1.11 3.41 2.77 4.40
250 0.77 0.60 1.03 1.71 1.34 2.31
315 0.60 0.46 0.81 1.12 0.88 1.51
400 0.66 0.51 0.90 0.90 0.71 1.22
500 0.77 0.58 1.06 0.88 0.69 1.21
630 1.03 0.78 1.38 0.87 0.68 1.25
800 1.49 1.15 1.99 0.69 0.54 1.01
1000 1.83 1.42 2.43 0.79 0.61 1.21
1250 1.72 1.31 2.35 0.98 0.75 1.57
1600 2.03 1.60 2.68 1.15 0.90 1.62
2000 2.06 1.62 2.73 1.61 1.25 2.23
2500 1.79 1.39 2.39 1.92 1.52 2.60
3150 1.64 1.26 2.31 1.92 1.49 2.79
4000 1.55 1.18 2.19 2.09 1.64 2.80
5000 2.24 1.71 3.13 2.13 1.66 2.84

ments are done indoors under an almost diffuse sound
field.
There is little literature work on the repeatability and

reproducibility of in situ measurements of airborne sound
insulation [23, 24, 21], and most previous work concerns
laboratory tests [25, 26, 27, 28]. The most authoritative
references still remain ISO 140-2:1991 and the most recent
ISO 12999-1 [20, 29].
Figure 28 compares QUIESST data on repeatability

with those reported in ISO 140-2 and ISO 12999-1, while
Figure 29 compares QUIESST data on reproducibility
with those reported in ISO 140-2 and ISO 12999-1.
It is worth noting that in ISO 140-2 the repeatability and

reproducibility are given as

r = 2.8
�

s2r , R = 2.8
�

s2R. (4)
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Figure 28. Repeatability r of airborne sound insulation measure-
ments.
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Figure 29. Reproducibility R of airborne sound insulation mea-
surements.

In view of this, the values shown in Figures 28 and 29 have
been taken from ISO 140-2 dividing by 2.8 and multiply-
ing by 2. Also, in ISO 12999-1 three different measure-
ment situations are distinguished:
• Situation A: A building element is to be characterized
by laboratory measurements. All measurement results
that may be obtained in another test facility or build-
ing also comply with this definition. The standard un-
certainty is the standard deviation of reproducibility as
determined by inter-laboratory measurements.

• Situation B: different measurement teams come to the
same location to carry out measurements. The location
may be a usual building or a test facility. The measur-
and thus is a property of one particular element in one
particular test facility or the property of a building. The
main difference to situation A is that many aspects of
the airborne and structure-borne sound fields involved
remain constant since the physical construction is un-
changed. The standard uncertainty obtained for this sit-
uation is called in situ standard deviation.

• Situation C: the measurement is simply repeated in the
same location by the same operator using the same
equipment. The location may be a usual building or
a test facility. The standard uncertainty is the stan-
dard deviation of repeatability as determined by inter-
laboratory measurements.
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Table XIII. Repeatability and reproducibility at 95% credibility
level of single number ratings of airborne sound insulation, in dB.

Repeatability r Reproducibility R

ISO 140-2 0.7 1.4
ISO 12999-1 1.0 2.0
QUIESST Elements 1.54–2.48 1.62–2.61
QUIESST Posts 0.92–1.60 1.03–1.83

Therefore, the ISO 12999-1 values for situation C are used
for comparison with the other repeatability values, while
values for situation B are used for comparison with the
other reproducibility values.
It appears that ISO 140-2 and ISO 12999-1 give simi-

lar values for repeatability, especially above 500Hz. The
QUIESST data for repeatability across posts are com-
parable to the laboratory data for building acoustics:
slightly better from 100Hz to 630Hz, slightly worse from
800Hz to 5 kHz. The QUIESST data for repeatability
across acoustic elements are worse than laboratory data for
building acoustics. The QUIESST data for reproducibility
across posts are better than laboratory data for building
acoustics. The QUIESST data for reproducibility across
acoustic elements are comparable to the laboratory data for
building acoustics up to 630Hz and from 630Hz onward
are generally worse. In sections 3.1.2 and 5.3, it was shown
that the influence of sound leaks and ageing on the sound
insulation performance of acoustic elements, especially on
the Valladolid test site, does contribute to the overall vari-
ance. In fact, the figures across posts are definitely better,
even if for posts less measurements were possible than for
acoustic elements. An indirect support to this conclusion
comes also from previous investigations, where sound in-
sulation index measurements have been found quite reli-
able [6, 7, 8]; therefore a considerable part of the variance
in the ILT for acoustic elements may be due to the sample
variance.
Table XIII reports the repeatability and reproducibility

for the single number ratings from ISO 140-2 and ISO
12999-1. Regarding the latter reference, the values for the
single number ratings including the traffic correction term
Ctr have been kept, because they have to be compared with
the single number ratings for noise barriers which are ob-
tained using a traffic noise spectrum. It seems that ISO
140-2 estimates are quite optimistic, while ISO 12999-1
estimates are comparable to QUIESST ones across posts;
finally QUIESST values across acoustic elements are the
worst.

7. Conclusions

In the framework of the QUIESST project, new measure-
ment procedures for determining in situ the sound reflec-
tion and the airborne sound insulation of noise barriers
have been defined. The repeatability and reproducibility
of these new methods have been assessed through an inter-
laboratory test involving 8 participating laboratories, 2 test

sites and a total of 13 samples. The estimated reproducibil-
ity values can be used as an extended uncertainty at 95%
credibility level to declare the measured values together
with their uncertainty according to ISO GUM [18].
It is the first time that repeatability and reproducibility

values for in situ sound reflection measurements are eval-
uated. It is worth noting that the samples were chosen in
order to have different shapes, including strongly non flat
products, and to be composed with different materials, a
fact that made the evaluation more challenging.
The samples were real-size ones, built as in prac-

tice using an average workmanship, i.e. without the en-
hanced quality control measures that are typically per-
formed in inter-laboratory tests done inside laboratory fa-
cilities. Nevertheless, the reproducibility values found for
the sound insulation index are in general comparable to
those coming from inter-laboratory tests of airborne sound
insulation of building elements in the laboratory. In par-
ticular, the repeatability and reproducibility values of the
sound insulation index across posts are better than the val-
ues across acoustic elements. As airborne sound insulation
is usually better across the acoustic elements than across
posts, which often present a weak point, this finding may
suggest that different ranges of airborne sound insulation
should be associated with different sets of repeatability and
reproducibility values. A similar conclusion was advanced
also by Scrosati et al. [21], inferring the need for more
investigations on this point.
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