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Abstract The ISO 140-5:1998 standard specifies the 
testing methods to evalúate the sound insulation in build
ings and building elements for facades. Three rounds of a 
proficiency testing scheme for airborne sound insulation 
measurements have been performed according to the 
methods specified in the standard for a whole facade by 
using an external loudspeaker as the noise source. The 
adequacy of the intercomparison is guaranteed by means of 
the assessment of global precisión criteria in compliance 
with the scope stipulated by the normative references in 
order to determine the reproducibility limits in a regulated 
measurement method. To evalúate the participant perfor
mance, the corresponding combined scores as composite 
indexes are calculated, so if this assessment is performed 
along a certain number of rounds, it will remark the par-
ticipants that show an overall satisfactory performance by 
monitoring their achievement over time. Therefore, in 
order to establish a reference valué in terms of precisión 
level, an approach based on the development of a col-
laborative test in controlled conditions is proposed. The 
goal is to provide reliable and updated criteria for the 
evaluation of repeatability and reproducibility limits in this 
field, particularly in those scopes in which nowadays there 
is no normative reference or this is very poor. Furthermore, 
these prescribed valúes of precisión should be verified 

regularly, as well as the definition of practical conditions of 
application. 
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Introduction 

The series of ISO 140 standards named "acoustics—mea
surement of sound insulation in buildings and of building 
elements" describe the methods for measurement of air
borne and impact sound insulation. In particular, the 
standard ISO 140-5:1998 "field measurements of airborne 
sound insulation of facade elements and facades" specifies 
the testing methods to evalúate the insulation of building 
facade elements and whole facades. For each method, 
testing procedures are established either using the broad-
band emission of a loudspeaker as an artificial sound 
source or using real noise available on the spot where the 
facade or facade element is located, such as road traffic, 
railway or even airport noise [1]. 

Since ISO/IEC 17025 requires testing laboratories to put 
in place external quality control procedures for monitoring 
the reliability of their measurements [2], the participation 
in proficiency testing schemes is the main mechanism to 
assess compliance. 

In this context, the Spanish network of laboratories 
ACUSTILAB, which is set up within EUROLAB-
ESPAÑA organization, has established a project called 
AQUS with the aim of providing a tool for the objective 
verification of the technical competence by means of the 
development on an annual basis of an intercomparison 
scheme in the field of acoustics, noise and vibration 
measurements. 



Methodology and limitations of the standard 

In order to satisfy this requirement, from the year 2011, 
three rounds of this proficiency testing scheme have been 
organized at the national level for measurements of air-
borne sound insulation of building facades, as stated by the 
scope of the standard UNE EN ISO 140-5:1999 (that will 
be replaced by the new standard ISO 16283-1). The tests 
were performed according to one of the methods specified 
by the standard, in particular for a whole facade by using 
an external loudspeaker as the noise source. 

The parameter of the standardized sound level differ-
ence expressed in dB units and calculated according to ISO 
717-1 is Dis2m,nT with measurements carried out in bands 
of a third of octave, in the frequency range 100-5000 Hz, 
where the emission noise levéis are ideally obtained from 
the direct field of the sound source [3]. In this way, the 
accuracy of the parameter depends on the difference be-
tween the measurements performed directly on the facade 
and the average of sound pressure level measured in five 
points located inside the building element itself. 

Some difficulties found in measurements of facade 
sound insulation are related to the minor spatial sampling 
conducted in triáis of facade and the use of a single source 
position. Therefore, both factors make noise levéis far 
more stable, so when the same laboratory performs several 
replications, it achieves measurements with a relatively 
small repeatability valué. Because of that, lack of spatial 
sampling, as well as the directional characteristics of noise 
sources used by different laboratories where compliance 
with the coverage of facade in many of the sources is 
ambiguous, makes the type of source and its position in-
fluence the final measurement [4]. These two additional 
factors, when different laboratories (and different equip-
ments) perform the same test, cause that the reproducibility 
valué is greater. 

In the project AQUS, the description of the inter-
laboratory program is well documented, in which a series 
of planned stages related to the supervisión, follow-up and 
control of the measurement items are considered. This 
monitoring phase is to assure both the stability of the 
scenario and the homogeneity of the sound levéis intended 
for the evaluation of the test specimen [5]. These aspects 
are fully evaluated to guarantee the adequacy of the in-
terlaboratory comparison by means of the assessment of 
certain global precisión guidelines in compliance with the 
current scope, because no regulatory or prescribed valúes 
are available for reproducibility verification in this scope. 

It is interesting to point out that the stability criteria 
were established before the execution of the measurements, 
so in the event of nonconforming control data in any fre
quency, the reason for that must be investigated and 

considered for future rounds. Since the stability of the 
scenario is evaluated and monitored by an accredited 
laboratory, it is allowed to declare that the conditions due 
to the site location remain unchanged over time. 

Statistical design and performance evaluation 

The protocol conducted in this proficiency test scheme 
outlines a statistical design not only intended for the ana-
lysis of the data but also for the evaluation of the 
proficiency testing results according to the standard ISO 
5725-2 that describes the determination of the limits of 
repeatability and reproducibility in a regulated measure
ment procedure using classical statistical methods with 
outlier elimination [6]. 

As regards the implementation of the PT scheme AQUS, 
the statistical parameters published for the magnitudes 
object of study in the scope of the program are the 
folio wing: 

• assigned valué in each frequency as consensus valué 
from participants; 

• estimate of the precisión of the PT results in terms of 
repeatability and reproducibility limits; and 

• standardized z-score taken as an assessment of the 
performance of the participation by each laboratory. 

As for the determination of the assigned valué, once 
discarded the outlier results, it is made in accordance with 
the established protocol by first calculating the arithmetical 
average of the four results reported by each one of the 14 
participants, taken as consensus valué for the number of 
non-excluded participants in each magnitude, the most 
appropriate measure of central tendency based on the 
distribution of the data of the participants, once verified the 
normality of them. 

Then, to define the variability of the proficiency test 
results, it is first necessary to estimate valúes of the stan
dard deviation under conditions of repeatability (sr) and the 
one under conditions of reproducibility (sR). These are 
applied to calcúlate the related parameters r and R ac
cording to ISO 5725-6 

r = 2.8ír (1) 

R = 2 . 8 Í S (2) 

The parameters r and R may be called "critical 
differences" or "limits," as they describe the máximum 
difference of a pair of test results at which these can be 
considered equivalent at a probability level of 95 %. 

The performance of each participant is evaluated by 
calculating the corresponding z-score, determined in ac
cordance with: 



ffpt 

where x¡ is the laboratory result, Xpt is the assigned refer-
ence valué and <rpt is the estimate of the standard deviation 
of the proficiency test results. In this way, results with a 
valué \z\ < 2 are considered as satisfactory; results with 
|z| < 3 are unsatisfactory; results with 2 < | z | < 3 are con
sidered questionable. 

Pitfalls to establish precisión guidelines 

With respect to the assessment of the precisión criteria for 
the proficiency test under ISO 140-5, regrettably there are 
no available any kind of regulatory valúes that can be used 
as a prescribed reference, unlike what happens in other 
parts of the standard ISO 140 [7]. In this way, the ISO 
140-2 gives some indications to state the precisión of the 
measurements carried out according to a certain test 
method that unfortunately cannot be applied to the current 
scope; henee, it is not possible to verify if the repro-
ducibility valúes obtained during this proficiency testing 
scheme performed on ISO 140-5 are in accordance with a 
normative reference in terms of significant differences. 

For this reason, in this paper, it is proposed the organi-
zation of a proficiency test to determine the aforementioned 
precisión valúes by means of some operative steps that lead 
to the prescription of tentative valúes of reproducibility. 

In order to evalúate the performance of the participants, 
since the global parameter Dk 2m,nT is determined from the 
individual measurements in bands of a third of octave in 
the frequency range 100-5000 Hz, the corresponding 
combined performance scores as composite indexes are 
calculated on the basis of the determination of the SSZ 
valúes (sum of squares of z-scores). In addition, the SSZ 
valúes obtained for each participant might be considered as 
a global quality indication that informs about the com-
prehensive laboratory participation in the considered range 
of frequencies by assessing the significant dispersions of 
the accumulated z-scores [8]. 

If this assessment is carried out along the three profi
ciency test rounds carried out up to date, since they are 
comparable enough, it might be possible to determine those 
participants that show an overall satisfactory performance 
in every scope of interest by monitoring their performance 
over time. 

Results and discussion 

Once performed, the three rounds in Fig. 1 are depicted the 
assigned valúes obtained from participant consensus in 
each frequency and each round, showing a high 

consisteney among the valúes of the measurable parameter 
over time. So, it is worthy to affirm that the noise source is 
homogeneous enough, as it was previously stated in the 
methodology stage for monitoring the scenario. 

Moreover, for a given round, the results calculated for 
each frequency as for the assigned valué of As,2m,nT a s w e ^ 
as the repeatability limit (r) and the reproducibility limit 
(R) would be expressed as in Table 1. For illustrative 
purposes, the valúes of As,2m,nT,w (weighted standardized 
level difference according to ISO 717-1) and As,2m,nTA 
(global difference in dBA along 100-5000 Hz) have been 
also included. 

In summary, for measurements expressed as As,2m,nT 
parameter in the frequency range from 100 to 5000 Hz, it is 
observed that the testing results throughout the rounds 
show in numbers that 89 % of the participants present 
satisfactory results, whereas 7 % can be considered to be 
questionable or unsatisfactory and only 4 % of the par
ticipants have been detected as outliers. Although a slightly 
broader distribution was observed in the first PT round, we 
can say that the evolution of z-scores among the three 
rounds organized until now is considered both appropriate 
and representad ve in order to achieve the objectives of this 
program. 

Consequently, after the application of the statistical 
protocol to compute the proficiency test results, the cor
responding valúes of reproducibility standard deviation are 
calculated, as an indication of the reliability of the inter-
laboratory comparison. In Fig. 2, a comparison of the 
reproducibility limits R obtained in each measuring fre
quency for each one of the three proficiency test rounds is 
depicted, in which the above-mentioned wider spread of 
R valúes in the first round is obvious, although a quite 
similar distribution is found among the participants. In 
addition, because of the own characteristics of the mea-
surement of facade sound insulation [9], the measurement 
uncertainty reported by the participants has been mostly 
greater in the low frequency range. 

Considering that the degree of global variability over 
the rounds is not regarded as sufficiently appropriate to 
establish any precisión guidelines on the basis of these 
results, it seems suitable to select just those laboratories 
which systematically have better performance over time 
with the aim of determining repeatability and repro
ducibility target valúes. Therefore, as a way of proving 
this result, the accumulated valúes SSZ for all participants 
are shown in Fig. 3, given the number of PT rounds in 
which every laboratory has taken part. According to the 
Chi-squared distribution, since the statistically acceptable 
SSZ composite valué is 28.9 (for the combination of 18 
frequency valúes), as a whole, it is observed that the ma-
jority of participants show an adequate global 
performance. 
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Fig. 1 Assigned valúes of facade sound insulation of buildings obtained in AQUS proficiency testing rounds 

Table 1 Assigned valúes and precisión limits in AQUS-2013 
(p = 14 participants) 

Frequency 
(Hz) 

Assigned valué 
(dB) 

Repeatability 
limit (dB) 

Reproducibility 
limit (dB) 

100 28.7 3.15 4.98 

125 29.1 2.59 6.50 

160 28.7 2.34 7.08 

200 26.9 3.22 7.61 

250 30.0 2.61 4.96 

315 28.8 2.29 5.43 

400 28.6 2.03 5.19 

500 30.0 1.67 5.18 

630 32.0 1.67 4.13 

800 31.4 1.56 3.32 

1000 29.0 1.45 5.57 

1250 28.0 1.71 6.19 

1600 28.5 1.48 6.18 

2000 35.4 1.56 3.24 

2500 37.5 1.83 8.04 

3150 41.3 1.21 2.90 

4000 40.9 1.25 5.49 

5000 44.2 0.89 3.88 

^ls,2m,nT,w 32.0 1.20 2.30 

As,2m,nTA 30.6 1.06 2.62 

Proposal for setting up reproducibility guidelines 

Taking into consideration the variability of the previously 
exposed results obtained for the three AQUS proficiency 
test rounds developed up to now, we have decided to pose a 
simulation by selecting an arbitrary precisión criteria based 
on the fact that the most reliable participants are selected 
according to the laboratories which systematically have 
achieved SSZ valúes lower than 15.0 set as a target valué 
that informs us of the ones which present the best 
achievement related to a sort of performance rating. 

In this way, once computed all the SSZ valúes obtained 
by the participants, we have selected the laboratories that 
meet this criterion on the measurement of As,2m,nT 
(100-5000 Hz) parameter, so four participants have been 
selected who complied with this empirical rule during their 
past involvement, as it is shown in Table 2. Therefore, 
these participants were considered as reference in terms of 
better precisión execution and declared as expert labora
tories for the successive calculations. 

Therefore, in relation to our proposal based on the above 
results, some tentative R valúes of the reproducibility limits 
would be established in accordance with the following 
prescribed magnitudes according to the consideration of 
the best performance of the most reliable participants in the 
Project AQUS [10]. 
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Fig. 2 Comparison of reproducibility limits R obtained in AQUS program (years 2011-2013) 
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Fig. 3 Evolution of SSZ combined performance scores among the participants 

As it can be noticed, since the sound pressure levéis are greater than the ones for mid-frequencies. Furthermore, 
measured inside the building element are usually more the higher the frequency, the more directional is the sound 
widely spread at low signal frequencies due to a less uni- source, so a slight variation in the incidence of the source 
form sound diffasion, the proposal R valúes below 200 Hz directed to the facade makes more critical the insulation 



measurement above 3000 Hz. Accordingly, at high fre-
quencies, it is expected that the R valúes might increase. 

It is important to declare that these simulated repro-
ducibility limits should be considered just as a mere 
probationary proposal based on experimental data (Fig. 4), 
so in the future those figures must be confirmed in a 
dedicated collaborative trial in a controlled scenario [11] 
with experimental conditions according to the information 
derived from existing practice. 

Conclusions and future objectives 

The next steps for the completion of the activities related to 
the present project should be aimed at the development of a 
collaborative study for the assessment of the performance 
of the measuring method, which makes the establishment 
of precisión guidelines possible from the experience ac-
quired in the field of measurements carried out according to 

Table 2 Expert laboratories in terms of SSZ valúes over the rounds 

Participant AQUS 2011 AQUS 2012 AQUS-2013 

Lab. A 10.12 11.56 10.05 

Lab. B 5.63 7.21 12.60 

Lab. C 14.34 - 8.94 

Lab. D 12.31 11.11 5.71 

ISO 140-5 (under revisión by ISO 16283-3). It is expected 
that the study will enable to assess if the prescribed re-
producibility valúes for each frequency are suitable in 
terms of minimum precisión level to determine the stan
dard deviation for proficiency assessment. 

Therefore, in this paper, it is proposed an approach 
based on the development of a collaborative test in con
trolled conditions, focused on the method rather than on the 
laboratory. Some points of interest that must be foreseen 
are related to both the applicability and practicability of the 
method since a collaborative trial requires substantial effort 
and should only be applied to methods that have received 
adequate prior testing. 

The goal is to provide reliable and updated criteria for 
the evaluation of repeatability and reproducibility valúes in 
the measurement of sound insulation in buildings and 
building elements for facades, particularly appealing in 
those scopes in which nowadays there is no normative 
reference or this is very poor. In this way, by accom-
plishing this collaborative trial, future participants might 
have some kind of reference valúes available for the 
assessment of the precisión criteria in this field. Further-
more, these prescribed valúes of precisión should be 
verified regularly, as well as monitoring the practical 
conditions of application in such a way that the repro
ducibility valúes may also be used to verify the proper 
operation of test procedures of any laboratory involved in 
this scope of acoustic measurement. 
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