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Introduction 

The following paper describes the learnings gathered from a 
round robin study conducted in January 2025 in Denmark. 
The motivation for conducting the round robin study is the 
recent years development in providers of building acoustical 
documentation in Denmark. Documentation of building 
performances in general has become a standard delivery 
from contractors to building owners as part of the handing-
over process. Acoustical performance tests are for some 
building types requested more and more often, which have 
prodded the providers of building performance test to also 
include acoustical performance tests as part of their services.  

For the majority of buildings, the requirements for acoustical 
performances are based on the ISO and CEN defined single 
number quantities (SNQ). This implies, that the documenta-
tion should be made according to measurement standards of 
ISO and CEN. On top of this, an instruction from Aalborg 
University (formerly SBI) is well-established as a common 
reference for building acoustical documentation in Denmark 
[1]. The instruction gives guidelines to which standards to 
use and outlines additional details, that are left for interpreta-
tion in the standard – e.g. number of measurement positions. 
Despite these facts, examples of alternative measurements 
are emerging.  

Denmark has a special tradition for a certified system for 
acousticians for noise surveys [2]. Talks of a similar certifi-
cation system for building acoustical measurements have 
been roaming for years in Denmark. With the recent years, 
introduction of less-skilled measurement technicians and 
alternative measurement methods, this idea has become even 
more relevant. There are several necessities that have to be 
established in a certification system. This includes the will-
ingness to partake in examinations, which is similar to par-
ticipating in round robin tests.  

The motivation for the round robin test is therefore mani-
fold:  

- The current level of building acoustical tests. 

- Willingness to partake in robin round like tests. 

- Learnings on how to arrange round robin tests. 

Insights into the design of the round robin test is found in the 
next section. Details on the evaluation methods are also 
included in this section. The third section presents the results 
and observations, and the final section summarizes the learn-
ings.    

 

Design of the Round Robin Test 
The opportunity to partake in the round robin test was an-
nounced as private posts on Linkedin.com [3] and from 
newsletter emails from FORCE Technology. Eight partici-
pants signed up. They can be grouped as follows  

- 2 participants from FORCE Technology with 
unique measurement equipment packs 

- 2 teams of participants from large international con-
sulting firms with a long history within acoustics 

- 1 participant from a single person consultancy 
company focusing on acoustics and noise 

- 1 participant from a vendor of acoustical solutions 

- 2 participants from building testing companies – not 
trained acousticians. 

The participants were informed to perform the measurement 
according to the guidelines of [1]. Tests included:  

- Measurements of R’ and Ln‘ according to ISO 
16283-1 and -2   

- Evaluations of Rw, Ln,w, C50-3150, and CI,50-2500 ac-
cording to ISO 717-1 and -2 

- Reverberation time, T, according to ISO 3383-2  

- Measurement ranges were 50 Hz – 5k Hz for R and 
Ln and 125 – 4k Hz for T 

Each participant had three and a half hours to conduct the 
tests, and all tests were performed within one week. A re-
porting sheet was prepared. The sheet included details on 
sound pressure levels in source and receiving rooms, back-
ground levels and reverberation time. Also included were 
details on equipment including last calibration date. A cut-
out of the reporting sheet is shown in Figure 1.  

The measurement rooms were two neighboring meeting 
rooms on the same floor with volumes around 60 m3. The 
rooms were furnished, and it was made sure, that the rooms 
looked the same when participants arrived. Pictures of the 
meeting rooms can be seen in Figure 2. 

The measurement result reported by the participants were 
used to find the true values of the investigated parameters. 
This was done by first checking if any of the results be outli-
ers using the approach 

𝑄1 − 1,5 × (𝑄3 − 𝑄1) < 𝑥
< 𝑄3 + 1,5 × (𝑄3 − 𝑄1), 

 
( 1) 

where Q1 and Q3 are the first and third quantiles of the da-
taset of measurement results, x is the measurement result 
investigated as an outlier. 
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Figure 1 : Cut out of reporting sheet used for round robin 
test. Translations from Danish (D:) to English (E:):  
D: Deltager(e), E. Participant(s) ; D: Opgave, E: Task ;   
D: Baggrundstøj, E: Background noise ; 
D: Efterklangstid, E: Reverberation time ; 
D: Lydtryksniveau, E: Sound Pressure Level ; 
D: Tilsyneladende, E: Aparant ; D: Luftlydisolation,  
E: Sound Reduction Index ;  D: Vægtet, E: Weighted ;  
D: Trinlydniveau, E: Impact Sound Level 
D: Lydtryksmåler og analysator, E: Measurement apparatus 
and analyser ; D: Højtaler(e), E. Loudspeaker(s) 
D: Bankemaskine, E: Tapping machine 

This outlier check was made for all R’, Ln‘ and T’ results 
including for each frequency. No outliers were found. Sec-
ondly systematic irregularities were investigated, to see if 
results should be omitted from the data sets before finding 
the true value. From these studies the following was found:  

1. Significant lower results were found for two impact 
sound level results, where both tapping machines 
had not been calibrated for a long time.  

2. One impact sound level was significantly higher in 
frequency bands from 50-500 Hz, but not in Ln,w‘. 

3. In three cases it was found that the 1/1 octave band 
reverberation time measurements were found 
wrongfully based of the 1/3 octave results. 

Only the latter case led to the results being omitted when 
finding the true value, as it could not be concluded, that 
cases 1 and 2 were performed incorrectly.       

The probable true values were estimated from averages (𝑅̅, 
𝐿𝑛̅̅ ̅ ,𝑇̅) and the expanded uncertainty, U, of the data after 
removal of outliers. The expanded uncertainty, U, was found 

 
(a): Source room 

 
(b): Receiving room 

Figure 2: Pictures of the measurement rooms. The source 
and receiving rooms were used as seen for both airborne 
sound reduction index test and impact sound level test. The 
receiving room was also used for reverberation time test.  

 
from 

𝑈 = 𝑘 ∙ 𝑢 = 𝑘 ∙
𝑠

√𝑛
  ,  (2) 

where k is a covering factor and u is standard uncertainty, 
which is found from the standard deviation, s, and the 
number of correct performed measurements, n. k was set to 
1,96 corresponding a two-sided 95% probability interval.  

Each participant’s results have an uncertainty associated 
with them. For this reason, the evaluations between 
participant results and true value interval were made 
considering the expected uncertainty of the participants’ 
results. For the R, and Ln the uncertainties were estimated 
using the procedure of ISO 12999:2020. The reverberation 
time uncertainties were estimated using ISO 3382-2:2008 
from the minimum requirements of [1] for source/receiver 
combination, information on whether the interrupt noise 
method or impulse response method had been used, and the 
worst-case scenario of using T20, which leads to highest 
standard deviation.    

Svarskema Sammenlignende bygningsakustisk måling  

Deltager(e):

R'w C50-3150Hz 50 Hz 63 Hz

Baggrundstøjniveau i dB i rum B

Efterklangstid i rum B

Lydtryksniveau i senderum, rum A

Lydtryksniveau i modtagerum, rum B

Tilsyneladende luftlydisolation i dB, R'

L'n,w CI,50-3150Hz 50 Hz 63 Hz

Baggrundstøj i dB i rum B

Efterklangstid i rum B

Tilsyneladende trinlydniveau i dB, , L'n

125 Hz 250 Hz 500 Hz 1000 Hz

Efterklangstid i 1/1 0ktav bånd

50 Hz 63 Hz 80 Hz 100 Hz

Frivillig - Efterklangstid i 1/3 oktav bånd

Anvendt udstyr : Hardware og software (version og dato) til analyserne af:

Lydtryksmåler og analysator

Højtaler(e)

Bankemaskine

Metode til efterklangsmåling

Kalibrator

Andet

Kommentarer

Opgave A

Vægtet 

tilsyneladende 

luftlydisolation

Spektral 

korrektion

Opgave B

Vægtet 

tilsyneladende 

trinlydniveau

Spektral 

korrektion

Efterklangstid

Implus? Afbrudt støj?
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Presentation of results and observations 

In this section the results of the round robin are presented. In 
Table 1 the single number quantities and spectral adaptation 
terms are shown. The table also includes a cross-frequency 
average of reverberation times often used in Denmark and 
along with the reverberation time at 125 Hz. 

 

Table 1: Single number quantities (SNQ), spectral adapta-
tion terms and cross-frequency averages for sound reduc-
tion indexes, impact sound levels and reverberation times. 

SNQ 
Participant 

P1 P2 P3 P4 P5 P6 P8 P8 
Rw’ [dB] 42 42 41 41 40 41 39 41 

C50-3150 [dB] -5 -3 -1 -3 -2 -3 0 -2 

Ln,w’ [dB] 60 62 60 62 62 62 61 62 

CI,50-2500 [dB] -6 -7 -6 -7 -5 -6 -6 -7 

T250-4k [sec] 0,48 0,51 0,51 0,51 0,46 0,49 0,47 0,48 

T125 [sec] 0,67 0,70 0,53 0,57 0,53 0,60 0,61 0,67 

 

From Figure 3-5 the frequency dependent results and the 
ranges of true values are presented. Additionally, some 
results are highlighted yellow, orange or red. Yellow 
indicates, that a small irregularity is observed, which 
includes missing results of the full frequency range and 
exceptionally high values in a frequency range. The orange 
color indicates a larger irregularity like noticeable difference 
behavior of frequency dependent values.  

For the sound reduction index measurements, one orange 
marked result is missing the “hump” in the frequency 
response. In the other orange case, the participant used white 
noise for the sound reduction measurements, resulting in a 
significant influence of background noise at low frequencies, 
which then led to high estimation of the sound insulation.  

For the impact sound level measurements the orange results 
indicate cases where the results were lower through-out the 
frequency range. It was later established that the tapping 
machines used in theses cases had not been calibrated in 
over 15 years.  

In the case of reverberation time measurements three 
participants did not do the evaluation in 1/1 octave bands as 
required by [1]. Instead, they used the 1/3 octave band 
results in one way or another to estimate the 1/1 octave 
bands. These results are marked red.  

Conclusion 

The eight participants represent a wide spread of providers 
of building acoustical documentation. Some irregularities in 
procedure and results were found, but it was only for the 
reverberation time measurements, where it could be 
concluded that actual mistakes were made. The variation in 
SNQ for Rw’ and Ln,w’ were ± 1,5 dB and ± 1 dB, 
respectively. The normally referenced uncertainty in 
Denmark in documentation is ± 1 dB. An additional ± 1 dB 
from the target values is normally expected for refurbished 
buildings.   

  

Figure 3: Sound reduction index measurement. Gray area 
indicates the range in which the true values lay within the 
gray area, the participant results is the black solid line, and 
the associated uncertainty of the results are indicated with 
dash black lines. 
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Figure 4: Impact sound measurement. Gray area indicates 
the range in which the true values lay within the gray area, 
the participant results is the black solid line, and the associ-
ated uncertainty of the results are indicated with dash black 
lines. 
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Figure 5: Reverberation time measurements . Gray area in-
dicates the range in which the true values lay within the 
gray area, the participant results is the black solid line, and 
the associated uncertainty of the results are indicated with 
dash black lines. 
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