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Summary 

When considering the uncertainty of sound insulation measurements, there are two different 

approaches: to use standardized uncertainties as per ISO 12999-1 or to make individual uncertainty 

calculations for each measurement and corresponding single number quantity. When following the 

second approach, it is accepted that the uncertainty of any 1/3 octave band sound insulation 

measurement is frequency dependent. The uncertainty of the corresponding single number quantity 

is then affected both by the uncertainty of each 1/3 octave band and by the correlation between 1/3 

octave band sound insulation values. The purpose of this paper is, for airborne sound insulation, to 

further study the weight of different uncertainty components when making individual uncertainty 

assessments and to propose a compromise value for the in situ 1/3 octave bands sound insulation 

correlation coefficients. 

PACS no. 43.55.Rg, 43.15.+s  

 
1. Introduction1 

The uncertainty related to sound insulation 

measurements has traditionally been reported (if 

reported at all) based on the repeatability and 

reproducibility of the measurement methods [1,2]. 

Nevertheless, over the last decade there have been 

many studies [3–8] proposing methods for 

uncertainty estimation of sound insulation 

measurements following the recommendations of 

the Guide to the Expression of Uncertainty in 

Measurement, GUM [9]. 

National Accreditation Bodies encourage the 

research aiming at estimating the sound insulation 

uncertainties using GUM or any corresponding 

documents from the accreditation bodies. For 

example, the Portuguese Association of Accredited 

Laboratories has edited an official guide [10] with 

instructions on how should accredited laboratories  

                                                      

 

estimate the uncertainty of sound insulation 

measurements according to GUM. 

When dealing with the results of sound insulation 

tests, one of the open debates when estimating the 

uncertainty of single number quantities (SNQs) is 

how to deal with the correlation between 1/3 octave 

bands sound insulation. So far, and considering only 

airborne sound insulation, there has been two 

different approaches: assumption of full positive 

correlation [5,6] and using the 1/3 octave bands 

correlation values obtained from a large in situ 

airborne sound insulation measurements data 

set[11]. 

 

This paper can be considered as a continuation of 

two previous studies [6,11] made by the authors. All 

three studies have been done using the same in situ 

airborne sound insulation measurement data base 

and the calculation of the uncertainty for the SNQs 
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was performed for the same 300 measurements data 

set presented in [6] which were selected from the 

complete 2090 measurements data set. 

 

In the previous papers the uncertainty of a 

measurement was obtained according to a well-

defined proposed method, and individual frequency 

dependent uncertainty curves were obtained for a 

large set of in situ measurements.  

 

In the first study [6], as mentioned before, the 

calculation of the uncertainty of the corresponding 

SNQs 𝐷𝑛𝑇𝐴(100−5000) and  𝐷𝑛𝑇𝐴(50−5000), was 

done assuming full positive correlation between 1/3 

octave bands airborne sound insulation values. 

In the second paper [11] the real correlation 

coefficients values between 1/3 octave bands for 

the airborne sound insulation descriptor DnT, were 

determined, 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗), and later used to 

calculate the uncertainty of the same SNQs using 

Equation (1). The specific correlation coefficient 

matrix used in [11] is shown in Table 1. The results, 

shown in Figure 1, evidenced that SNQs 

uncertainty obtained using calculated correlation 

values [11] are lower than those obtained with the 

more conservative choice of full positive 

correlation between 1/3 octave bands [6] . 

Figure 1.a).Results from [6] b)Results from [11]. 

2. Objectives 

The general purpose of this paper is to continue 

studying how to handle the correlation coefficients 

between 1/3 octave bands airborne sound insulation 

results when calculating the uncertainty of SNQs In 

this study the upper frequency rage has been 

lowered to 3150 Hz since the Acoustics 

Classification Scheme for dwellings developed by 

COST Action TU0901 [12] proposes DnT,50 ≈ DnT,A 

(50-3150) and/or DnT,100 ≈ DnT,A (100-3150) as descriptors 

for airborne sound insulation. 

 

The objective of this paper is to investigate if the 

specific correlation coefficients obtained in 

reference [11] could be replaced by a single figure, 

rs, and how would this proposal affect the resulting 

SNQs uncertainty compared to the previous results 

and to ISO 12999-1. 

 

3. Methodology 

The milestones of this study have been: 

 

a) Proposing a single figure rs to replace the 

correlation matrix 

 

 

a) Full data set & full correlation[6] b) Full data set & calculated correlation[11] 

Average 𝒖(𝑫𝒏𝑻𝑨) തതതതതതതതതതതത100-5000Hz 

Average 𝒖(𝑫𝒏𝑻𝑨) തതതതതതതതതതതത50-5000Hz 

𝒖(𝑫𝒏𝑻𝑨) 100-5000Hz 

𝒖(𝑫𝒏𝑻𝑨) 50-5000Hz 

(1) 
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b) Recalculate the uncertainty of the SNQs 

using the proposed figure rs. 

 

c) Evaluate and compare the results. 

 

To obtain a single figure rs which could replace the 

correlation matrix, the average correlation 

coefficient of all the measurements used in 

reference [11] (22 distinct types of separating walls,

Note: The single figure rs could also have been 

obtained as an average of the correlation coefficient 

matrix shown in Table 1[11]. In this case, all 300 

measurements (200 heavyweight + 100 

lightweight) would have the same weight and the 

resulting “rs,all” would have been slightly biased 

towards the heavy walls measurements, so this 

procedure was discarded. 

 

Table I. Correlation coefficients matrix obtained using the full data set from [11] 

  

 

1579 heavyweight and 511 lightweight) was 

calculated for heavyweight and light weight walls 

separately, and an average value rs was obtained as 

follows: 
 

𝒓𝒔 = ( 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)ℎ𝑒𝑎𝑣𝑦

തതതതതതതതതതതതതതതതതതതതത + 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)𝑙𝑖𝑔ℎ𝑡

തതതതതതതതതതതതതതതതതതത) /2 

with  i ≠ j  

This was done both considering the correlation 

coefficients including 50 Hz, 63 Hz and 80Hz third 

octave bands and excluding them. The 

corresponding single average correlation 

coefficients will be referred to as rs,50 and rs,100. 

Finally, the proposed single correlation coefficient 

rs is determined as the average of rs,50 and rs,100. In a 

second step the recalculation of the SNQs 

uncertainty for the same 300 measurements data set 

presented in [6,11] was done according to Equation 

(3) and using the previously found value of rs. 

Lastly all the results were analyzed and compared 

to previous findings and ISO 12999-1. 

 

Figure 2. Average correlation coefficients for the range 

50 Hz to 3150 Hz.  

 j 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

i  50 63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 

1 50 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 63 0.0 1.0 0.6 0.4 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 

3 80 0.0 0.6 1.0 0.6 0.4 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0 

4 100 0.0 0.4 0.6 1.0 0.6 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 

5 125 0.0 0.3 0.4 0.6 1.0 0.7 0.6 0.5 0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 

6 160 0.0 0.2 0.3 0.5 0.7 1.0 0.8 0.7 0.6 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.4 0.4 0.3 

7 200 0.0 0.1 0.2 0.4 0.6 0.8 1.0 0.9 0.8 0.7 0.6 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.4 

8 250 0.0 0.1 0.2 0.3 0.5 0.7 0.9 1.0 0.9 0.8 0.8 0.7 0.6 0.6 0.5 0.5 0.5 0.5 0.5 

9 315 0.0 0.1 0.1 0.3 0.4 0.6 0.8 0.9 1.0 0.9 0.9 0.8 0.7 0.6 0.6 0.6 0.6 0.6 0.5 

10 400 0.0 0.1 0.1 0.2 0.4 0.6 0.7 0.8 0.9 1.0 0.9 0.9 0.8 0.7 0.7 0.7 0.6 0.7 0.6 

11 500 0.0 0.1 0.1 0.2 0.3 0.5 0.6 0.8 0.9 0.9 1.0 1.0 0.9 0.8 0.7 0.7 0.7 0.7 0.7 

12 630 0.0 0.0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 0.9 1.0 1.0 1.0 0.9 0.8 0.8 0.8 0.8 0.7 

13 800 0.0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.0 0.9 0.9 0.8 0.8 0.8 0.7 

14 1000 0.0 0.1 0.1 0.1 0.2 0.4 0.5 0.6 0.6 0.7 0.8 0.9 0.9 1.0 1.0 0.9 0.8 0.8 0.8 

15 1250 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.7 0.8 0.9 1.0 1.0 1.0 0.9 0.9 0.8 

16 1600 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.7 0.8 0.8 0.9 1.0 1.0 1.0 0.9 0.9 

17 2000 0.0 0.1 0.1 0.1 0.2 0.4 0.4 0.5 0.6 0.6 0.7 0.8 0.8 0.8 0.9 1.0 1.0 1.0 0.9 

18 2500 0.0 0.0 0.0 0.1 0.2 0.4 0.4 0.5 0.6 0.7 0.7 0.8 0.8 0.8 0.9 0.9 1.0 1.0 0.9 

19 3150 0.0 0.0 0.0 0.1 0.2 0.3 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.8 0.9 0.9 0.9 1.0 

(3) 

(2) 

rs 
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4. Results and discussion 

4.1    Proposing a single correlation coefficient 𝒓𝒔 

 

Figure 2 shows the spectral average correlation 

coefficient for heavyweight and lightweight walls 

separately. As it can be seen, the frequencies below 

100 Hz are highly uncorrelated. Besides, the 

average correlation coefficient at 50 Hz differ 

considerable between heavy and light walls. Before 

calculating rs according to Equation (2) it is 

interesting to evaluate the differences between the 

spectral correlation coefficients for heavyweight 

and lightweight walls measurements and for both 

frequency ranges.  

 

Table II shows such differences for the lower 

frequencies. Since, it is only for 50 Hz that the 

difference is big, it is judged that averaging 

heavyweight and lightweight walls measurement 

data corresponding correlation coefficients can be a 

good procedure to estimate rs.  

 
Table II. Spectral average correlation coefficient and 

differences (for lower 1/3 octave bands)  
50 
Hz 

63 
Hz 

80 
Hz 

100 
Hz 

𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
𝑙𝑖𝑔ℎ𝑡

തതതതതതതതതതതതതതതതതതതതതത (A) -0.01 0.21 0.26 0.29 

2𝜎തതതത 0.01 0.03 0.03 0.04 

 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
ℎ𝑒𝑎𝑣𝑦

തതതതതതതതതതതതതതതതതതതതതതതത (B) 0.22 0.28 0.27 0.30 

2𝜎തതതത 0.02 0.03 0.03 0.04 

(S)=B-A 0.23 0.07 0.01 0.01 

2𝜎തതതത 0.03 0.04 0.05 0.06 

 

Table III and IV show the average correlation 

coefficient of all the heavyweight and lightweight 

walls measurements separately as well as the value 

of  2𝜎തതതത which can be interpreted as a rough estimate 

of the corresponding expanded uncertainty. 

 

Table III. Average correlation coefficients (all 1/3 

octave bands included).  

.  

(All 1/3 octave bands included)  𝒓(𝑫𝒏𝑻𝒊, 𝑫𝒏𝑻𝒋)തതതതതതതതതതതതതതതതതത
 𝟐𝝈തതതത 

𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
𝑙𝑖𝑔ℎ𝑡

തതതതതതതതതതതതതതതതതതതതതത
 0.46 0.07 

 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
ℎ𝑒𝑎𝑣𝑦

തതതതതതതതതതതതതതതതതതതതതതതത
 0.48 0.06 

 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
𝑎𝑣𝑒𝑟𝑎𝑔𝑒

തതതതതതതതതതതതതതതതതതതതതതതതതത= rs,50 0.47 0.05 

Table IV. Average correlation coefficients (excluding 50 

Hz, 63 Hz and 80 Hz 1/3 octave bands).  

(from 100 Hz)  𝒓(𝑫𝒏𝑻𝒊, 𝑫𝒏𝑻𝒋)തതതതതതതതതതതതതതതതതത
 𝟐𝝈തതതത 

𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
𝑙𝑖𝑔ℎ𝑡

തതതതതതതതതതതതതതതതതതതതതത
 0.52 0.04 

 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
ℎ𝑒𝑎𝑣𝑦

തതതതതതതതതതതതതതതതതതതതതതതത
 0.52 0.04 

 𝑟(𝐷𝑛𝑇𝑖, 𝐷𝑛𝑇𝑗)
𝑎𝑣𝑒𝑟𝑎𝑔𝑒

തതതതതതതതതതതതതതതതതതതതതതതതതത= rs,100 0.52 0.03 

 

As explained in section (3), the average of both 

averages is then selected as the single figure rs = 

(rs,50+ rs,100)/2 = 0.50 to be used in the uncertainty 

calculations. 

4.2    Uncertainty of the SNQs using the average 

correlation coefficient rs = 0.50 

Using Equation 3, the uncertainty of 

𝐷𝑛𝑇𝐴(100−3150) and  𝐷𝑛𝑇𝐴(50−3150) has been 

calculated for the 300 measurements database. 

Once the results have been calculated and before 

plotting the results, potential outliers have been 

identified using the three-sigma rule, which states 

that, for many reasonably symmetric unimodal 

distributions about 99.7 %  of the population lies 

within three standard deviations of the mean [13].  

Figure 3. Spread of 𝒖(𝑫𝒏𝑻𝑨) values and average 

𝒖(𝑫𝒏𝑻𝑨)തതതതതതതതതതത for the full dataset with rs = 0.50.  

Average 𝒖(𝑫𝒏𝑻𝑨)തതതതതതതതതതത 100-3150Hz 

Average 𝒖(𝑫𝒏𝑻𝑨)തതതതതതതതതതത 50-3150Hz 

𝒖(𝑫𝒏𝑻𝑨) 100-3150 Hz 

𝒖(𝑫𝒏𝑻𝑨) 50-3150 Hz 
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Figure 3 shows the results obtained when 

calculating the SNQs uncertainty for both 

descriptors, DnT,A (50-3150) and  DnT,A (50-3150) 

according to Equation (3) for the full dataset, after 

removing 8 identified outliers. 

 

Comparing Figure 3 to Figure 1a), it can be 

observed that the resulting SNQs’ uncertainty is, as 

expected, lower when using the average correlation 

coefficient rs = 0.50 than when choosing full 

positive correlation between 1/3 octave bands as in 

reference [6]. 

 

On the other hand, comparing Figure 3 to Figure 

1b), it can be observed that there is a slight increase 

of the average uncertainty obtained for the extended 

frequency range descriptor, and a slight decrease 

for the non-extended frequency range descriptor.  

 

Using specific calculated correlation coefficients 

between 1/3 octave bands as in reference [11] 

yields similar results for average SNQs’ uncertainty 

regardless of the frequency range, while in Figure 

3, it can be observed that there is a slight increase  

of the uncertainty obtained for the extended 

frequency range descriptor, of the order of 0,13 dB 

on average, though a decrease of 0,04 dB is 

observed for the non-extended frequency range 

descriptor. If these biases are considered important 

for the current application, they can easily be 

subtracted from the results achieved when using 

rs = 0.50 to calculate uncertainties. 

In the next section the effect of using the obtained 

“compromise” average correlation coefficient rs 

instead of calculated correlation coefficients 

obtained from Table I is discussed. 

4.3    Comparison with previous results  

In order to validate the use of Equation (3) with rs 

=0.50 for SNQs uncertainty calculations, the results 

shown in Figure 1b) and Figure 3 have been further 

compared. As a validation criterion, the differences 

between calculated SNQs using specific correlation 

coefficients [11] and using Equation (3) with rs 

=0.50 has been performed. The results in [11] are 

considered as a reference for this validation.  

 

In Figures 4 and 5 the spread of the difference for 

each descriptor as well as each corresponding 

average, (𝑆)തതതത , is plotted together with the 95 % 

confidence interval for the spread where the 

maximum corresponds to (𝑆)തതതത + 2σ and the 

minimum corresponds to (S)തതതത – 2σ.  

 

It is observed that in 95 % of the cases and for both 

descriptors 𝐷𝑛𝑇𝐴(100−3150) and  𝐷𝑛𝑇𝐴(50−3150), the 

differences between uncertainties calculated with 

Equation (1) and Equation (3) varies less than ±0.3 

dB from the average difference. This means that 

using the compromise value rs =0.50 instead of a 

correlation coefficients matrix to calculate SNQs 

uncertainty, the difference between results after 

removing the average bias will be within 0.3 dB for 

50-3150 Hz (and 0.2 dB for 100-3150 Hz), which 

in most cases, is an acceptable compromise. 

 

Figure 4. Study of the difference, (S) between 𝒖(𝑫𝒏𝑻𝑨,𝟏𝟎𝟎−𝟑𝟏𝟓𝟎) calculated with Eq. (1) and Eq. (3) 

y=(S)[dB] 

x=measurement number 
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Figure 5. Study of the difference, (S) between 𝒖(𝑫𝒏𝑻𝑨,𝟓𝟎−𝟑𝟏𝟓𝟎) calculated with Eq.(1) and Eq.(3) 

 

Figure 6:Calculated 𝒖(𝑫𝒏𝑻𝑨) 100-3150 Hz with rs = 

0.50 compared to ISO 12999-1 standard deviations A, 

B, C.  

 

Concerning the confidence interval, it is worth to 

mention that using ±2σ to determine a 95 % 

confidence interval is only valid if the samples are 

drawn from a Gaussian distribution. 

 

Therefore, a study was made of the probability 

density function of the data shown in figure 4 and 5. 

The results, not included in this paper, showed a 

moderately skewed normal distribution implying 

that using ±2σ will lead to an approximate 95 % 

confidence interval. It is also seen in Figure 5 that 

Figure 7:Calculated 𝒖(𝑫𝒏𝑻𝑨) 50-3150 Hz with rs = 0.50 

compared to ISO 12999-1 standard deviations A, B, C. 

 

10 out of 300 points lies outside the ±2σ limits, 

which corresponds to 3.3 % of the samples, 

confirming that the assumption of an approximate 

95 % confidence interval is reasonable. 

 

Finally, the results obtained in this paper using Eq.3 

and rs = 0.50 have been compared to the SNQs 

uncertainty values suggested in ISO 12999-1. 

Figures 6 and 7 summarize the results for 𝒖(𝑫𝒏𝑻𝑨) 

100-3150 Hz and 𝒖(𝑫𝒏𝑻𝑨) 50-3150 Hz respectively. 

 

The data used in this study do not correspond to any 

of the situations described as A, B and C in ISO 

A 
 

B 
 

C 

A 
 

B 
 

C 

y=(S)[dB] 

x=measurement number 
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12999-1, but could be understood as being between 

situation B and C. Looking at Figures 6 and Figure 

7, one can see that the spread on SNQs uncertainty 

is wide and the uncertainty values proposed by ISO 

12999-1 for situations B and/or C would often 

underestimate the uncertainty of the SNQ. Using a  

single correlation coefficient of 0.50 can generally 

reduce the risk of underestimating the uncertainty. 

 

5. Conclusions and future work 

Aiming at encouraging the calculation of individual 

uncertainty values for airborne sound insulation 

measurements, this paper presents a simplification 

of the method proposed in previous studies[6] [11]. 

 

In particular, this study proposes a compromise 

value for all 1/3 octave bands correlation 

coefficients, rs, to be used for DnTA uncertainty 

calculations regardless of the assessment frequency 

range or the type of building construction 

 

The results have shown that, on average, the 

calculated DnTA uncertainties are lower both when 

specific correlation coefficients are used and when 

a compromise correlation coefficient, rs = 0.50, is 

used if compared to the results considering full 

positive correlation.  

 

It has also been shown that using the compromise 

correlation coefficient rs = 0.50 increases the DnTA 

uncertainty by less than 0.3 dB in about 97 % of the 

cases, after the possible bias has been removed. 

This seems a rather good compromise solution 

which can encourage the calculation of SNQs 

uncertainties. 

 

It is interesting to point out that before making this 

investigation, the authors had an intuition 

concerning what could be a reasonable value for a 

single compromise correlation coefficient. It 

seemed that, a correlation coefficient of 0.50 could 

be the first option for a single value proposal, as it 

is the average between 1, which represents the 

adoption of the full positive correlation model, and 

0, which represents no correlation between 1/3 

octave bands. In this case the investigation 

supported the intuition and the compromise 

correlation coefficient found was rs =0.50.  

 

As discussed in [6] and [11], making individual 

uncertainty estimations for each -laboratory or field 

- measurement following GUM’s recommendations 

is possible and the adoption of a compromise single 

value in Eq. (3) would facilitate the calculations.  

 

It should be remarked that although the obtained 

results are valid only for the dataset presented in 

this research, due to the extension of the data set, 

they can be used to affirm that the use of a 

compromise value for 1/3 octave band correlations 

can be incorporated to SNQs uncertainty 

calculation. 

 

Future studies will be performed with an extended 

data set, with more data from different countries 

aiming to validate the correlation matrix, and 

consequently, the compromise single value 

correlation coefficient rs.  

 

To better investigate the correlations behavior in 

low frequencies, the authors intend to look for  

measurement data obtained by ISO series 16283 

[14–16], which contains procedures that 

incorporate measurements to improve repeatability 

and reproducibility in reduced volume rooms.  

 

Besides, future studies will be performed with an 

extended data set, with more data from different 

countries aiming to validate the correlation matrix, 

and consequently, the compromise single value 

correlation coefficient rs. 
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