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Abstract 
 
A revised version of the acoustic parts of EN ISO 71-1 has been tested on 12 
different toys in an international round-robin between 10 laboratories from Europe 
and China. Focus was on continuous sound and, in particular, child actuated toys. 
The basic test methods used were ISO 11201 and 11202 with grade 2 accuracy. 
 
As to measurement uncertainty the results indicate insignificant differences between 
child-actuated toys and ordinary toys and between continuous and peak sound 
pressure levels. The total measurement uncertainty was mainly dominated by the 
uncertainty in operating and mounting conditions. The standard uncertainty of 
operating and mounting conditions was typically 2 dB with a standard deviation of 
0,8 dB whereas the standard uncertainty of the basic sound measurements was 0,7 
dB, which is equal to or better than what is obtained by a theoretical calculation 
using the ISO GUM modelling approach.  
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Preface 
 
This project SA/CEN/ENTR/445/2010-05.6 "Safety of toys – Toys designed to emit 
sound” has been funded by the European Commission/EFTA Secretariat. The project 
is dealt with by CEN/TC 52/WG 3 "Mechanical and physical properties" (Task group 
1 “Acoustics”), the secretariat of which is held by Sweden. DS assures the 
organizational coordination work on behalf of CEN/TC 52/WG 3. 
 
The help and co-operation provided by the participants in the round-robin, see clause 
2, is gratefully acknowledged.   
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 1 Introduction 
 1.1 Background 
 
This report on round-robin measurements of noise from toys is part of a project 
aiming at revising the acoustic parts of EN 71-1. The project has been planned and 
executed in close cooperation with CEN TC 52/WG 3/TG 1. 
 
The main purpose of the round-robin part of the project is to test the revised test 
methods, [1], with focus on measurements of continuous noise. In Annex II 10 of 
Directive 2009/48/EC of  the European Parliament and of the Council of 18 June 
2009 on the safety of toys,[2], it is stated: 
 
“Toys which are designed to emit sound shall be designed and manufactured in such 
a way in terms of the maximum values for impulse noise and continuous noise that 
the sound from them is not able to impair children’s hearing.” 
 
According to mandate M/445 the maximum value for noise levels from toys emitting 
continuous noise shall be limited. Thus a method for this type of noise has to be 
established . This means that the new version of the standard has put up requirements 
for continuous noise for all toys, including child-actuated toys, whereas the old 
standard exempted such toys. 
 1.2 Notation 
 
LpA, A-weighted time-averaged sound pressure level, short notation for LpAeq,T 
 
LpCpeak, C-weighted peak sound pressure level 
 
LpA,1s, A-weighted single event sound pressure level. LpAeq,T = LpA,1s - 10lg(T). 
 
K2, environmental correction used to evaluate quality of test room 
 
K3, local environmental correction used to correct measurement results obtained 
using EN 11202 in test rooms with K2 > 2 dB. 
 tot, total standard uncertainty 
 R, reproducibility standard deviation 
 omc, repeatability standard deviation 
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2 Participants and carrying out 
 2.1 General 
 
In the following a short description of the participating laboratories is given. Later on 
when the measurement results are reported the name of each laboratory is replaced 
by a number making each laboratory anonymous to everybody outside the group of 
participating laboratories. 
 2.2 SP 
 
Company Contact person 
SP Technical Research Institute of 
Sweden 

Håkan Andersson 
Acoustics section, Energy Technology hakan.andersson@sp.se    
 Phone +46 105 165423 
SE-501 15 Borås Cellular + 
Sweden Fax: +46 33 138381 
www.sp.se  
 

 

Figure 2.1  
Hemi-anechoic room of SP 
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Test method:  EN ISO 11201 grade 2. In this case the only difference to grade 1 
was that no correction due to the meteorological conditions was made. 
Test room:  Hemi-anechoic room in compliance with ISO 3745 for 63 – 20 000 

Hz with free inner dimensions 4,9 x 5,5 x 3,9 =106 m3. 
Instrumentation:  Norsonic 140 
Test period: 2011 
Test Report:  
 
 2.3 AIJU 
 
Company Contact person 
AIJU Karina Pernias 

Bartolomé González 
Dpto. Inginieras de producto y 
laboratorio 

karinapernias@aiju.info   
bartologonzalez@aiju.info  

Avenida de la industria 23 Phone +34 (0)96 555 4475 
ES-03440 Alicante Cellular + 
Spain Fax: +34 96 555 4490 
www.aiju.info  
 

  

Figure 2.2  
Hemi-anechoic room of AIJU 
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Test method: EN ISO 11201 grade 2 
Test room: Hemi-anechoic room in compliance with ISO 3745 for 100 – 20 000 Hz 
with free inner dimensions 5,1 x 3,2 x 3,0 =49 m3. 
Instrumentation: B&K pulse 7536, 6 channels with microphones B&K 4188. 
Test period: 21 – 22 September 2011 
Test Report: L/0038036-1 
 2.4 SGSHK 
 
Company Contact person 
SGS Hong Kong Ltd Julian Kwok 
5-8/F,28/F , Metropole Sq.,2 On Yiu St. julian.kwok@sgs.com  
Siu Lek Yuen, Shatin, NT Phone +86 755 2532 8310 
Hong Kong Cellular +86 150 1252 9541 
 Fax +86 755 8318 2846 
www.hk.sgs.com   
 

  
Test method: EN ISO 11202 with K3A= 0,6 dB. 
Test room: Tested according to ISO 3746 (reverberation time) with sound absorption 
area 42 m2  yielding K2 = 2,2 dB, K3 = 0,6 dB assuming a box-shaped and hemi-
spherical measurement surface respectively. 
Instrumentation: B&K  2250-D 
Test period: 3 – 4 October 2011 
Test Report: L/0038036-1 
 2.5 SGSSZ 
 
Company Contact person 
SGS-CSTC Standards Technical 
Services Co. Ltd – Shenzhen Branch 

Julian Kwok 
2-5/F, Oaster Building, Zhong Kan Rd. julian.kwok@sgs.com  
Shang Mei Lin  Phone +86 755 2532 8310 

Figure 2.3  
Test room of SGSHK 
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Shenzhen Cellular +86 150 1252 9541 
518049 China Fax +86 755 8318 2846 
www.hk.sgs.com   
 

  
Test method: ISO 11202 with K3A= 0,8 dB. 
Test room: Size: 3.9m (L) x3.6m (W) x2.1m (H), Estimated sound absorption 
area according to ISO 3746: 30 m2. 
Date of Calibration: 15, March 2007 
Certificate No.: SSD20070653 
Tested according to ISO 3745:2003-Acoustics-Determination of sound power levels 
of noise sources - Precision methods for anechoic and semi-anechoic rooms   
Instrumentation: B&K 2250 
Test period: 8 – 9 November, 2011 
 
 
 2.6 TÜV 
 
Company Contact person 
TÜV Rheinland LGA Products GmbH Dietmar Leuner 

Sebastian Rieger 
TÜV Rheinland Group dietmar.leuner@de.tuv.com  

sebastian.rieger@de.tuv.com  
Tillystr. 2 Phone +49 (0)911 655-5466 
DE-90431 Nürnberg Cellular +49(0)171-7640889 
Germany Fax +49 (0)911 655-5453 
www.tuv.com/safety  
 

Figure 2.4  
Test room of SGSSZ 
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Test method:  EN ISO 11201 
Test room:  Hemi-anechoic room in compliance with ISO 3745 with free inner 

dimensions 8 x 8 x 6 =384 m3. 
Instrumentation: B&K 3560-D 
Test period: 12-13 Oct., 2011 
Test Report: 21179638 
 2.7 TSU 
 
Company Contact person 
Technicky Skusobny Ustav Piestany s.p. Dusan Letko 
Krajinska cesta 2929/9 vota@tsu.sk 
921 01 Piestany  Phone +421 33 7957 160 
Slovakia Cellular  
 Fax +421 33 7957 172 
www.tsu.sk   
 

  
  

Figure 2.5  
Test room of TÜV 

Figure 2.6  
Test room of TSU 
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Test method: EN ISO 11201 
Test room: Hemi-anechoic room in compliance with ISO 3745 with free inner  
dimensions 7,2 m x 7,5 m x 4,6 m = 249 m3 
Instrumentation: B&K 2250 with microphone 4189 
Test period: 25 – 27 oktober 2011 
Test Report: 114000182 
 2.8 Delta 
 
Company Contact person 
Delta Torben Holm Pedersen 
Venlighedsvej thp@delta.dk  
DK-          Hörsholm Phone +33 1 30 47 41 904 
Denmark Cellular + 
 Fax + 
www.delta.dk   
 

  
Test method: EN ISO 11201 
Test room: Hemi-anechoic room in compliance with ISO 3745 with free inner  
dimensions 7,8 m x 4,7 m x 2,6 m = 95,3 m3 with a reverberation time not exceeding 
0,25s corresponding to K2A=0,8 dB for a spherical measurement surface at 0,5 m and 
K3A= 0,4 dB 
Instrumentation: B&K 2250 with microphone 4189 
Test period: 25 – 27 october 2011 
Test Report: TC-100078 
 2.9 LNE 
 
Company Contact person 
Laboratoire national de métrologie et 
d’essais 

Martial Doumerc 
Laboratoires de Trappes martial.doumerc@lne.fr  
29 avenue Roger Hennequin Phone +33 1 30 47 41 904 

Figure 2.7  
Test room of Delta 
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FR-78197 Trappes Cedex Cellular + 
France Fax + 
www.lne.fr   
 

  
Test method: EN ISO 11201 
Test room: Qualified according to ISO 3745 for 125 – 10 000 Hz with free inner 
dimensions 6m x 5m x 3,5 m = 105 m3. 
Instrumentation:  
Test period: 18 – 23 November, 2011 
Test Report: Dossier M110487 
 2.10 HKSTC 
 
Company Contact person 
Hong Kong Standards and Testing 
Centre 

Benny Wong, Churchill Chan 
10 Dai Wang Street benny_wong@hkstc.org   

churchill_chan@hkstc.org  
Tapio Industrial Estate, N.T. Phone +852 2666 1888 
 Cellular + 
Hong_Kong Fax +852 2664 4353 
www.stc-group.org   
  

Figure 2.8  
Test room of LNE 
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Test method: EN ISO 11201 grade 2.   
Test room: Free inner dimensions 3,93m x 3,75m x 3,02 m = 44,5 m3. K3A and K2A 
(spherical measurement surface with radius 0,5m) are estimated to be about 0,5 dB 
and 0,9 respectively (calculated for 0,5 m and with the assumption that walls and 
ceiling have  = 0,9).  
Instrumentation: B&K 2250 
Test period: 16 – 23 December, 2011 
Test Report: DP101203 
 2.11 Intertek 
 
Company Contact person 
Intertek Testing Services Hong Kong 
Ltd. 

William Wong 
2/F Garment Centre william.wong@intertek.com    
Castle Peak Rd Phone +852 2173 8888 
Kowloon, Hong Kong Cellular + 
 Fax +852 2786 1903 
www.intertek.com   
 

Figure 2.10  
Test room of  HKSTC 
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Test method: EN ISO 11201 
Test room: Qualified according to ISO 3744 with free inner dimensions: 4,6m x 5,3m 
x 2,2m. Wall covering: 100 – 300 mm fiber glass covered with cloth. K3 probably 
approximately  0,2 dB. 
Instrumentation: B&K 2250 conforming with IEC 61672-1 Class 1. 
Test period: December 2012 
Test Report: HKGH01266305 
 2.12 Carrying out 
 
The toys were selected by the project leader based on advice from CEN TC 52/WG 
3/TG 1. The participants were selected  among accredited laboratories with 
experience from testing of toys that had responded to an official call following the 
rules applied by the European Commission. The selection was carried out by Danish 
Standards using a panel consisting of: 
 
Mrs Birgit BRUUN, Danish Standards – DS Secretary CEN/TC 52 “Safety of toys” 
Mr Christian WETTERBERG, LEGO (for SIS), Secretary CEN/TC 52/WG 3 
“Mechanical and physical properties” 
Mrs Cinzia MISSIROLI CEN, programme manager – Standards – Multi-sector 
Products and Services 
Mr Hans Jonasson SP, Swedish Technical Research Institute, project leader (for the 
revision of EN 71-1 regarding Noise) and convenor of CEN/TC52/WG 3/TG 1 
“Acoustics” 
 
In addition another contract was written with a peer review laboratory (Delta) with 
the task, in addition to taking part in the round-robin, to scrutinize the final proposal 
for measurements and to test the toys to circulate before and after the testing series. 

Figure 2.11 Test room of Intertek 
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The same toys were circulated to all laboratories, that is all participants measured 
exactly the same toy samples.  
3 Measurement uncertainty 
 3.1 General 
 
The uncertainty, u(Lp), in decibels, associated with the emission sound pressure level 
determined in accordance with the 2010 version of EN ISO 11201 is estimated by the 
total standard deviation, σtot, in decibels: 
 
u(Lp ) ≈ σtot          (1) 
 
This total standard deviation is obtained using the modelling approach described in 
ISO/IEC Guide 98-3. This requires a mathematical model, which in the case of  lack 
of knowledge can be replaced by results from measurements, including results from 
round robin tests. In this context, this standard deviation is expressed by the standard 
deviation of reproducibility of the method, σR0, in decibels, and the standard 
deviation, σomc, in decibels, describing the uncertainty due to the instability of the 
source under test. 
The total standard deviation, tot  is given by 
 

tot   22
0 omcR          (2) 

 
where 0R is the standard deviation of the reproducibility and omc the standard 
deviation of the repeatability given by 
    N

j
pjpomc LLN 1

2
,1

1
      (3)

 
 

L´p,j is the sound pressure level measured at a prescribed position for the j-th 
repetition of the prescribed operating and mountain conditions, 

pL  is the mean sound pressure level calculated for all N  repetitions. 
 

0R is either determined from round-robin measurements or using the modelling 
approach of GUM, [3]. 
 
Derived from σtot, the expanded uncertainty, U, in decibels, shall be calculated from 
U = k σtot   
k depends on the degree of confidence that is desired. For a confidence level of 95 % 
and a normal distribution of measured values the coverage factor  k = 2, and, the 
confidence interval is [Lp − U] to [Lp + U]. If the purpose of determining the 
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emission sound pressure level is to compare the result with a limit value, it may be 
more appropriate to apply the coverage factor for a one-sided normal distribution. In 
that case, the coverage factor k = 1,6 corresponds to a level of confidence of 95 %. 
 3.2 Determination of 0R  using round-robin tests 
 
The round robin test for determining σR0 shall be carried out in accordance with ISO 
5725, where the emission sound pressure level of the source under test is determined 
under reproducibility conditions, i.e. different persons carrying out measurements at 
different testing locations with different measuring instruments. Such a test provides 
the total standard deviation, σ ′tot , relevant to the individual sound source which has 
been used for the round robin test. Participating laboratories in round robin tests 
should cover all possible practical situations. This total standard deviation, σ ′tot , in 
decibels, of all results obtained with a round robin test includes the standard 
deviation, σ ′omc , and allows σ ′R0 to be determined by using 
 

22
0 omctotR           (4) 

 
A problem with eq. (4) is that it does not work very well when σ ′tot ~ σ ′omc, something which is often the case for toys. 
      3.3 Determination of 0R  using the modelling 

approach 
 
Generally, σR0, in decibels, is dependent upon several partial uncertainty components, 
ciui, associated with the different measurement parameters such as uncertainties of 
instruments, environmental corrections, and microphone positions. If these 
contributions are assumed to be uncorrelated, σR0 can be described by the modelling 
approach presented in ISO/IEC Guide 98-3, as follows: 

     22
22

2
110 ..... nnR ucucuc       (5) 

In Equation (5), the uncertainty components due to the instability of the sound 
emission of the source are not included. These components are covered by σomc.  
Preliminary estimations show that the general expression for the calculation of the 
final result of the emission sound pressure level measurement, including all 
corrections prescribed by EN ISO 11201 with all relevant uncertainties, Lp, is given 
by  
 
Lp = Lp(L′p, δ(B), δenv, δslm, δmount, δoc, δpos, δmet)      (6) 
 
where 
L′p is the measured (uncorrected) sound pressure level; 
δ(B) is an input quantity to allow for any uncertainty on background noise 
corrections; 
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δenv is an input quantity to allow for any uncertainty due to the local environmental 
influence; 
δslm is an input quantity to allow for any uncertainty in the measuring 
instrumentation; 
δmount is an input quantity to allow for any variability in the mounting conditions of 
the source under test; 
δoc is an input quantity to allow for any deviation in the operating conditions of the 
source under test from the nominal conditions; 
δpos is an input quantity to allow for any uncertainty in selection of the measuring 
position; 
δmet is an input quantity to allow for any uncertainty in determining the 
meteorological conditions. 
A probability distribution (normal, rectangular, Student t, etc.) is associated with 
each of the input quantities. 
Its expectation (mean value) is the best estimate for the value of the input quantity 
and its standard deviation is a measure of the dispersion of values, termed 
uncertainty. 
The uncertainty components δmount and δoc are already covered by σomc whereas σR0 includes the rest of the uncertainty components. 
 
Table 1 Example of an uncertainty budget for determination of emission sound 
pressure level (the values shown are examples related to accuracy grade 2 
determinations) 
Quantity Estimate Standard uncertainty, ui Sensitivity 

coefficient, ci 
Uncertainty 
contribution 

22
ii uc  

Lp     
L´p pL  0,5  )(1,0101

1
Bpp LL 

1,1  (L=10)
 

0,31 

(B) K1 22 5,05,0   L 1,0101
1

 
-0,1 (L=10) 

0,01 

env 0 
K3 
0 

0 – 1 (ISO 11201) 
0,5 K3(ISO 11202) 

?? (ISO 11202, LpCpeak) 

1 
1 
1 

0,0 (ISO 3745 room) 
0,25 2

3K  

slm  See pL    
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pos  0,2 1 0,04 
met  0,3 1 0,09 

Adding up the values in table 1 we get for a hemi-anechoic room according to ISO 
3745. 

      dBucucuc nnR 7,045,0..... 22
22

2
110     (7) 

Which corresponds to the application of ISO 11201 grade 1 without meteorological 
correction.  If, instead we use a test room capable of grade 2 only we get 

dBR 2,1145,00         (8) 
If, instead we apply ISO 11202 with a test room with the local environmental 
correction K3A we get 

2
30 25,045,0 AR K  dB       (9) 

as shown in Figure 3.1. 

 
Figure 3.1 R0 as a function of K3A according to eq. (9)valid for ISO 11202 
grade 2. 
 
Explanations to the table: 
uL′p, uncertainty associated with the sound pressure level measured at the work 
station. It is obtained from the estimated standard deviation of a class 1 sound level 
meter: 0,5 dB 

0,0

0,5

1,0

1,5

2,0

2,5

0 0,5 1 1,5 2 2,5 3 3,5 4

Rep
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ility
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nda

rd d
evia
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, R
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B
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pLc  , sensitivity coefficient associated with the uncertainty in pL given by the 
equations   )(1,0101lg10 Bpp LL

pp LL        (10) 
where )(BpL  is the measured sound pressure level of the background noise and 

 )(1,0101
1

Bppp LL
p
p

L L
Lc  


       (11)
 

u(B), uncertainty in determining the background noise correction. In accordance with 
the equation   )(1,0

1 101lg10 Bpp LLK         (12) 
 this uncertainty is a function of the measured difference ΔL = L′p − Lp (B) only. 
Assuming uL′p = uLp (B) = 0,5 dB, this results in u(B) = 22 5,05,0   = 0,7 dB. 
c(B) Sensitivity coefficient due to the uncertainty in the background noise correction. 
Based on Equation (9), where K1 is a function of ΔL, this sensitivity coefficient is 
given by 

L
p

B L
Lc 
 1,0)( 101

1
)(          (13)

 

uenv,uncertainty due to influences of the environment.  According to ISO 11201 it is 
assumed to be negligible for environmental conditions according to accuracy grade 1, 
and 1 dB for conditions according to accuracy grade 2. In the case of this 
International Standard, no environmental corrections are applied and the influence of 
reflections and other effects are directly transferred to the result. 
If EN ISO 11202 is applied the modelling is the same but, in addition, the uncertainty 
due to the local environmental correction K3 must be taken into account. From 
empirical experience, it is known that the uncertainty on K3 can roughly be expressed 
as K3 ± K3/2, where a rectangular distribution is assumed (total spread of values ± 
K3/2). Then the standard deviation can be calculated from 

32
3Ku  = 0,3 K3                                                                                                    (14) 

K3 is given by 




  A
dK 2

3
241lg10                                     (15) 

cenv, sensitivity coefficient due to the uncertainty caused by environmental 
influences; cenv = 1.  
For peak measurements no K3 correction is allowed. At the same time peak values 
are often less affected by reflections from reflecting surfaces than is the case for 
time-integrated sound pressure levels measurements.  
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uslm, uncertainty in the measuring instrumentation. For a class 1 instrument the value 
of this parameter is uslm = 0,5 dB. 
upos, uncertainty due to the selection of the measuring position. An estimated value 
assuming an error of distance of 0-2 cm at 50 cm distance yields 0,2. It can be 
determined individually for a given type of source by repeating measurements with 
and without removing and installing again the microphone between these 
measurements. 
cpos, sensitivity coefficient due to the selection of the measuring position; cpos = 1. 
umet, uncertainty in determining the meteorological corrections (see EN ISO 11201). 
If the correction for meteorological conditions is applied, the value for this parameter 
is umet = 0,2 dB. 
At 120 m elevation and 23 °C the correction is zero and at 500 m elevation the 
correction is 0,6 dB. 
Assuming a rectangular distribution for this uncertainty, the standard deviation is 
smet = 0,6 / 3   = 0,3 dB . For elevations less than 500 m above sea level, no 
meteorological correction is required for accuracy grade 2 measurements. 
cmet  In the general case, the standard deviation is 0,3 dB with corresponding 
uncertainty contribution of 0,3 dB. Therefore, cmet = 1. A lower uncertainty 
contribution can be obtained by measuring in a different location, or by applying the 
meteorological correction. 
 
4 Statistical treatment 
Guidance on how to proceed with round-robin tests are given in several standards, 
e.g. ISO 5725 and EN ISO/IEC 17043:2010. In general there are several different 
alternatives as to which statistical treatment to use. Here the following approach has 
been chosen: 
Objectively outliers have been defined as all results outside the interval  ± 2 standard 
deviations around the arithmetic mean value. After removal of the outliers the 
analysis was repeated until all remaining values were within the interval. 
The “true” value has been defined as the arithmetic average of all values inside the 
interval  ± 1 standard deviation  around the arithmetic mean value. 
The standard deviation s of an individual laboratory given in the tables refer to the 
following conditions: 
One operator: The standard deviation of 3-5 repeated operations. 
Three operators: The standard deviation of the three operators. 
In the new versions of the ISO 11200 series a clear separation is made between the 
error due to the sound measurement and the error due to the operating conditions. A 
problem with many toys is that the operating conditions are difficult to define. This 
means that the total measurement error as a rule will be dominated by errors linked to 
the selection of operating conditions. The actual error in the measurement of the 
actual sound pressure level will often be negligible. This means that the quantity R0 (see 3.2 and eq. (4)) cannot really be determined in a round-robin on toys. Instead, 
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for this purpose, a special reference sound source with extremely stable and well-
defined operating conditions has been used. 
Once R0 has been determined the reproducibility standard deviation , σomc, of the 
operating and mounting conditions can be determined from 

2
0

2
Rtotomc           (16) 

 
5 Test objects 
 
After discussions in TG 1 it was decided to select the toys shown on the pictures in 
the following. With few exceptions, two samples of each were sent around for 
testing. Toy denoted X-1 was to be measured first and toy denoted X-2 was to be 
measured in case X-1 get damaged. The toys turned out to function well during the 
whole round-robin and no replacements were necessary. 
 

 Toy 1 sample 1-1. “Telephone”.                                     Toy 2 sample 2-1. Lawn 
mower 

 Toy 3 sample 3-1. Radio                         Toy 4 sample 4-1. Squeeze toy 
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 Toy 5 sample 5-1. Rattle.    Toy 6 sample 6-1. Flute. 
                                       

 Toy 7 sample 7-1. Drum                           Toy 8 sample 8-1. Trumpet. 

 Toy 9 sample 9-1. Xylophone.                           Toy 10 sample 10-1.  

 Toy 11 sample 11-1. “Telephone”                                Toy 12 sample 12-1. 
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6 Results object by object 
 6.1 Reference sound source 
 
The reference sound source was an active loudspeaker connected to an Apple iPod 
MP 3 player. The reference sound was pre-recorded pink noise and two different 
impulses. The source was measured in two mounting positions: 1) as a table-top toy 
on the floor  and 2) as a hand-held toy in a stand. 
 

  

  
Figure 6.2 Measurement results for the reference sound source on the floor 
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Table 6.1 Measured values. Values in pink are statistical outliers. 
1 2 3 4 5 6 7 8 9 10

LAeq 87,3 86,3 87,4 76,9 87 87,3 87,3 86,2 87,1 90,3
LpCpeak1 109,9 108,9 109,6 99,1 104,4 108,5 109,4 109,5 109,5 109,9
LpCpeak2 106,6 107,8 106,7 99,1 108,2 107,7 108,1 107,3 106,9 108,4   
Table 6.2 Basic statistics 

All     Excl. 4    Excl. 4 + 5 +10  Lm s Lm+2s Lm-2s  Lm s Lm+2s Lm-2s  Lm s Lm+s Lm-s 
86,3 3,5 93,3 79,3  87,4 1,3 89,9 84,8  87,0 0,5 87,5 86,5 

107,9 3,5 114,8 100,9  108,8 1,8 112,4 105,3  109,3 0,5 109,8 108,9 
106,7 2,7 112,2 101,2  107,5 0,6 108,8 106,3  107,5 0,6 108,1 106,9 

 
Table 6.3 Final values 
 True ’omc ’tot ’R0 
LAeq 87,1 0,1 0,5 0,5 
LpCpeak1 109,3 0,1 0,5 0,5 
LpCpeak2 107,7 0,4 0,6 0,5 

 
 
The basic statistical analysis given in table 6.2 indicates outliers shown in pink in 
table 6.1. Removing the outliers yields the standard deviations 0,5 dB, 0,4 dB  and 
0,6 dB for LAeq , LpCpeak1 and LpCpeak2 respectively. According to the measurements of 
the peer review laboratory the standard deviation of the operating conditions were 
0,1 dB, 0,1 dB and 0,4 dB respectively. 
 
Following the procedure of EN ISO 11201 we use eq. (4) in 3.2, that is 
 

22
0 omctotR    

 
We get the results shown in table 6.3. This is actually better than expected. The 
uncertainty analysis using the modeling approach shown in clause 3.3 indicated 
values between 0,7 dB (ISO 11201 with grade 1 test room) and 1,2 dB (11201 grade 
2 or 11202 grade 2 with K3A ≤ 2 dB).  
 
The outliers were discussed at a meeting including all participating laboratories. The 
outlier (No. 4) in the measurements on the reference sound source (continuous sound 
and peak sound was approx 10 dB lower than average) was explained by the fact that 
when the source is restarted, it will use a pre-set level which is 10,4 dB lower than 
the intended level. 
. 
The outlier (No. 5) in the measurements on the reference sound source (peak sound 
was in one case approx 4 dB lower than average) was probably due to the fact that 
lab. 10 stopped the measurement too early and thus lost the highest peak. Another 
possibility was that the distance had been measured from the floor and not from the 
RSS. However this should not have affected the measurement with the RSS mounted 
at 1,2 m. 
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The outlier (No. 10) in the measurements on the reference sound source (continuous 
sound was 4 dB higher than for the others) could possibly be explained by the 
frequency weighting and by the fact that the “silent time” was not included in the 
measurements. 
 
 

  
 
 
Repeating the same analysis for the reference sound source mounted on a stand as 
shown in figure 3 we get the results shown in table 6.4-6.6. 
 

  
Figure 6.4 Measured values for the reference sound source on a stand  
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Table 6.4 Measured values. Values in pink are statistical outliers. 
 1 2 3 4 5 6 7 8 9 10 
LAeq 87,5 86,6 87,8 77 87,4 87,7 87,4 86,27 87,2 90 
LpCpeak1 107,9 107,2 109,2 97 104,3 108 107,6 107,3 107,4 108,5 
LpCpeak2 106,9 107,9 106,7 98,9 107,5 107,4 107,9 107 106,4 109,3 
 
Table 6.5 Basic statistics 
 

All     Excl. 4    Excl. 4 + 5 +10  Lm s Lm+2s Lm-2s  Lm s Lm+2s Lm-2s  Lm s Lm+s Lm-s 
86,5 3,5 93,4 79,5  87,5 1,1 89,8 85,3  87,2 0,6 87,8 86,7 

106,4 3,6 113,6 99,3  107,5 1,4 110,4 104,6  107,8 0,7 108,5 107,1 
106,6 2,8 112,2 100,9  107,4 0,9 109,2 105,6  107,4 0,9 108,3 106,5 
 
Table 6.6 Final results 
 
 True ’omc ’tot ’R0 
LAeq 87,4 0,1 0,6 0,6 
LpCpeak1 107,6 0,1 0,7 0,7 
LpCpeak2 107,3 0,2 0,9 0,9 
 
The basic statistical analysis given in table 6.5 indicates outliers shown in pink in 
table 6.4. Removing the outliers yields the standard deviations 0,6 and 0,7 dB for 
LAeq and LpCpeak respectively. This is better than expected as several of the 
participating laboratories did not use test rooms qualified according to ISO 3745. 
According to eq. (7) we got 0,7 dB for R0 excluding variations in the sound source 
assuming a test room qualified according to ISO 3745 and 1,2 dB assuming a test 
room with K2A ≤ 2,0 dB. For ISO 11202 eq. (9) or Figure 3.1 gives us similar results 
as ISO 11201 grade 2 as long as K3A ≤ 2 dB. 
 
The reference sound source was tested by the peer review laboratory both before and 
after the round-robin tests. The output level turned out to be 0,5-0,7 dB louder when 
playing pink noise (LAeq) and 0,1 – 0,7 dB louder for LpC and the two click sounds. 
 6.2 Toy no 1 ”Telephone” 
 

 

Figure 6.5 
Toy no 1 “Telephone” 
Hand-held toy mounted in a 
stand with a loudspeaker in 
the back. 
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Figure 6.6 Toy no 1 
 
 
Table 6.7 Measured values 
 1 2 3 4 5 6 7 8 9 10 
LAeq 48,9 47,4 48,6 48,3 48,9 49,9 46,8 54,4 53,6 47,3 
s 0,6 0,3 0,5 1,2 0,2 1,1  0,1 0,3 0,2 
LpCpeak 71,9 69,2 73,8 78,7 71,6 75,3 76,2 72,8 76,6 75,3 
s 0,6 0,4 0,4 3,2 0,5 0,3  1,0 0,5 1,5 

 
 
Table 6.8 Basic statistics 

All         Lm s Lm+2s Lm-2s      49,4 2,6 54,6 44,2      
         74,1 2,8 79,8 68,5       

Table 6.9 Final results 
 True omc tot R0 
LAeq 48,3 2,5 2,6 0,7 
LpCpeak1 74,2 2,7 2,8 0,7 
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Toy no 1-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.10. 
 
Table 6.10 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 1-1 46,8 57,1 10,3 76,2 75,5 -0,7 
 
The large difference in table 6.10 for continuous sound does not necessarily reflect a 
change in sound output as, unfortunately, the test engineer was not the same as 
during the original test. 
 
Labs 8 and 9 are likely to have chosen operating conditions differently since they 
deviate from the general pattern. However, formally these measurements are not 
qualified as outliers. SP explained that a random pushing of button would give a 
lower value than if the button with the highest sound was produced. The difference 
could be up to 10 dB. This was confirmed by Delta. It was also concluded that for 
some toys the same button would produce different sounds each time. 
 
It could be concluded that for peak-sound measurements it should be of interest to 
find the highest value possible but for continuous sound it would not be logical (i.e. it 
would not reflect real-life use) to measure only the worst case out of perhaps 20 or 30 
options.  
 6.3 Toy no 2 Lawn mower 
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 Figure 6.7 Toy no 2 
 
Table 6. 11 Measured values. Values in pink are statistical outliers. 
 1 2 3 4 5 6 7 8 9 10 
LAeq 68,7 68,6 75,4 73,4 68,1 70,0 70,1 67,8 78,9 72,7 
s 0,5 0,4 0,9 2,3 0,2 0,9 0,3 1,5 0,6 0,3 
LpCpeak 90,7 87,2 90,7 94,2 90,6 88,8 92,1 90,6 91,7 97,3 
s 1,0 0,4 1,3 3,2 0,3 0,7 1,0 0,8 1,0 1,3 

 
Table 6.12 Basic statistics 
 
 All     Excl 9    
 Lm tot Lm+2s Lm-2s  Lm tot Lm+2s Lm-2s 
LAeq 71,5 3,6 78,6 64,3  70,7 2,6 75,9 65,5 
      Excl10   LpCpeak 91,4 2,8 97,0 85,8  90,7 2,0 94,7 86,8 
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Table 6.13 Final results 
 True omc tot R0 
LAeq 69,9 2,5 2,6 0,7 
LpCpeak 90,7 1,8 2,0 0,7 

 
Toy no 2-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.14. 
 
Table 6.14 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 2-1 Mower 70,1 68,0 -2,1 92,1 93,2 1,1 
 
Most laboratories had tested the toy in a pass-by test but a few had measured it as a 
stationary toy. This could explain some of the differences (including the outliers). 
However, also within the results from pass-by tests made by different labs there was 
quite a wide variation. Logically battery-operated pull and push toys should be 
measured as stationary sources and in that case it is expected that LAeq-measurements 
will spread less than LAFmax-measurements which are more sensitive to the exact time 
for pass-by at the shortest distance. Pass-by tests are also problematic with respect to 
the selection of microphone position. Pass-by tests only use the side positions 
whereas stationary measurements can include both front, back and top positions as 
well. 
 
When the measurement results were discussed it was also pointed out that if the 
moving toy has a cyclic sound, the distance during which the measurement is made 
in combination with the speed of travel, will potentially mean that the measurement 
is made when the sound cycle is at its lowest or at its highest level. The speed would 
also affect the sound produced by the wheels (apart from affecting the sound from 
the intentionally produced sound). Furthermore, the toy could have different sound 
levels in push-mode and in pull-mode. It was concluded that the method has to be 
further specified to minimize the risk for  different interpretations and that it is 
important to remember that only the “intended sounds” should be measured (e.g. 
mechanical noise from a toy which is intended to emit sound through an electronic 
function).  
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6.4 Toy no 3 Singing radio 
 

  
Table 6.15 Measured values 
 1 2 3 4 5 6 7 8 9 10 
LAeq 60,6 58,2 63,6 60,6 61,0 64,2 60,2 61,9 64,4 61,0 
s 1,6 1,9 0,0 3,5 0,1 0,3  0,7 0,1 0,5 
LpCpeak 84,1 82,1 83,9 87,5 83,4 83,2 83,6 83,2 83,5 84,5 
s 0,7 0,2 0,2 1,7 0,2 0,2  1,8 0,3 0,5 

 

  
Table 6.16    Statistics    Table 6.17 Final results 
 All          
 Lm tot Lm+2s Lm-2s   True omc tot R0 
LAeq 61,4 2,1 65,6 57,2  LAeq 61,4 2,0 2,1 0,7 
LpCpeak 83,7 1,5 86,8 80,6  LpCpeak 83,4 1,4 1,5 0,7 

 
Toy no 3-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.18. 
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           Table 6.18 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 3-1 Radio 60,2 64,7 4,5 83,6 86,2 2,6 
 
The measurement for peak-level in lab 4 is an outlier (more than +/- 2 sd from 
average). There was no explanation available as to why this measurement was higher 
than for the other labs. When the outlier is removed, the remaining results for the 
peak sound have a low variation. All laboratories measured this toy as “hand-held”. 
 6.5 Toy no 4 Squeeze doll 
 

      
Table 6.19 Measured values. Values in pink are statistical outliers. 
 1 2 3 4 5 6 7 8 9 10 
LAeq 68,5 69,4 66,5 67,8 62,2 63,9 70,5 61,9 63,2 65,0 
s 4,1 0,5 0,9 0,9 0,1 0,5 1,6 1,4 0,4 0,8 
LpCpeak 89,5 89,9 89,6 88,1 87,6 89,2 88,3 90,2 85,8 90,8 
s 2,2 0,6 1,1 0,9 1,1 1,7 1,7 2,8 1,1 1,7 

 
Table 6.20 Statistics 

 All     Excl 9         
 Lm s Lm+2s Lm-2s Lm s Lm+2s Lm-2s Lm s Lm+s Lm-s 
LAeq 65,9 3,1 72,1 59,7       65,9 3,1 69,0 62,8 
LpCpeak 88,9 1,5 91,8 86,0  89,2 1,1 91,35 87,14  89,2 1,5 90,7 87,8 
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Table 6.21 Final results 
 True omc tot R0 
LAeq 65,8 3,0 3,1 0,7 
LpCpeak 89,3 1,3 1,5 0,7 
 
Toy no 4-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.22. 
 
Table 6.22 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 4-1 Doll 70,5 68,5 -2,0 88,3 88,2 -0,1 
 
 
There was some discussion regarding whether the toy had been damaged during 
testing. However, the results from lab No 1 and lab No 10 were almost identical and 
this does not support that the results changed due to damage. Some laboratories 
measured also on a second item of the squeeze doll and it was then obvious that there 
was a difference between the two samples. 
 
One plausible explanation for the observed variation in the results is that the bladder 
inside used to create the air flow was able to rotate and thereby change the direction 
of maximum sound. If the rotation takes place during an LAeq-test a stationary 
microphone may yield misleading results. The sound level changed up to 3 dB 
depending on which part of the toy that faced the microphone. 
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6.6 Toy no 5 Ratttle 
 

  

 Table 6.23 Measured values 
 1 2 3 4 5 6 7 8 9 10 
LAeq 82,8 82,0 76,4 81,9 72,8 76,7 82,4 68,9 72,6 76,0 
s 0,7 0,3 0,9 1,7 1,0 0,7 1,5 3,5 0,3 1,0 
LpCpeak 112,1 106,3 104,5 110,2 107,4 108,5 109,3 105,2 102,9 108,5 

 
Table 6.24 Statistics     Table 6.25 Final results 
 All           
 Lm s Lm+2s Lm-2s   True omc tot R0 
LAeq 77,3 4,9 87,0 67,5   LAeq 76,9 4,8 4,9 0,7 
LpCpeak 107,5 2,8 113,1 101,9   LpCpeak 107,9 2,7 2,8 0,7 
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Toy no 6-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.26. 
 
Table 6.26 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 6-1 Rattle 82,4 82,9 0,5 109,3 111,5 2,2 
 
The results for this toy have the highest variation of all the toys. One explanation is 
that it was perhaps not 100% whether one should shake the toy in a direction 
perpendicular to the microphone or towards the microphone. The present wording is: 
 
Mount the microphone at least 1,0 m above the floor and at a distance of (50±1)  cm 
from that side of the reference box containing the sound source, which normally is 
the exit air  hole of the squeeze toy and the nearest vertical plane in which the rattle 
is shaken respectively. 
 
This is one possible explanation for the large variations. SP tested both with a 
microphone perpendicular to the movement and in the plane of movement and the 
latter position was significantly louder. Another reason is that at least three of the 
laboratories (The ones with the lowest LAeq-values) had tried to strike once a second 
instead of trying to achieve the highest possible LAeq-level. There is no support for 
this interpretation in the present proposal for standard but obviously further 
clarifications should be made. A similar behaviour when dealing with the squeeze 
toys might have contributed to a larger spread in the data also there.  
 
If the toy is shaken towards/away from the microphone, there will be an uncertainty 
in the distance. Also, there is also a risk that the measurement is made too close to 
the floor that would affect the result. 
 
When the measurements were discussed it was pointed out that the scenario is that a 
parent would shake the rattle close to the ear of a child. However, for practical 
reasons the measurement is made at 50 cm. It is unlikely that a parent would shake 
the rattle close to the ear of the child and towards/away from the ear, since there 
would be a risk that the rattle would hit the child’s head. It is more likely that the 
rattle is shaken either in front of the child’s face or at a fixed distance from the ear. 
The scenario, on which the requirement is based, must be combined with the way the 
test is performed in order not to create unreasonable exposure scenarios. One 
laboratory had a very high internal variation between the different operators 
reflecting the possibility of bias when using only three operators. One participant 
pointed out that the word “comfortable” in the test method description is redundant 
or even misleading. 
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6.7 Toy no 6 Flute 

  

  
Table 6.27 Measured values. Values in pink are statistical outliers. 

1 2 3 4 5 6 7 8 9 10
LAeq 95,0 94,7 96,8 96,6 85,1 99,2 93,3 92,9 96,2 97,3
s 4,1 1,0 1,3 1,3 1,4 1,4 1,0 1,3 0,4 0,9
LpCpeak104,4 104,9 105,1 106,4 98,4 107,4 107,1 103,3 103,1 110,3
s 2,8 2,6 0,3 1,7 2,6 1,0 1,5 0,3 0,3 2,9   
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Table 6.28 Statistics 
 All     Excl. 5    
 Lm s Lm+2s Lm-2s Lm s Lm+2s Lm-2s 
LAeq 94,7 3,8 102,4 87,0  95,8 2,0 99,7 91,8 
          LpCpeak 105,0 3,2 111,4 98,7  105,8 2,3 110,3 101,2 
           

Table 6.29 Final results 
 True omc tot R0 
LAeq 96,1 1,9 2,0 0,7 
LpCpeak 105,8 2,2 2,3 0,7 

 
 
There is one obvious outlier from lab 5 (>10 dB lower).  
 
Toy no 1-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.30. 
 
Table 6.30 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 6-1Flute 93,3 93,0 -0,3 107,1 103,6 -3,5 
 
 
“TÜV” stated that they tested similar flutes two years ago and found that the air 
pressure and the potential “volume” of the test-persons were important. A person 
with strong lungs can produce up to 10 dB higher peak sound results than other 
persons. They did not measure continuous sound since Kindergarten-children could 
only play with such high pressure for a few seconds. SP informed that the difference 
between playing a normal tune and blowing at maximum level would be 15 dB.  
 
It was apparent from the persons that had carried out the test that also after blowing 
at maximum for 5 – 10 seconds the test persons felt dizzy. It was experienced as an 
extreme way of testing. 
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6.8 Toy no 7 Drum 
 

  

  
Table 6.31 Measured values 
 1 2 3 4 5 6 7 8 9 10 
LAeq 98,8 93,0 97,4 92,1 91,6 96,8 98,7 98,9 95,8 97,0 
s 1,9 1,2 3,4 3,7 1,5 0,9 3,2 5,6 0,5 1,4 
LpCpeak 133,8 127,8 132,1 129,0 124,0 130,5 131,8 135,6 126,0 135,5 
s 2,8 0,6 2,0 2,4 1,1 2,4 3,1 3,8 1,8 4,6 
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Table 6.32 Statistics 
 All    
 Lm s Lm+2s Lm-2s 
LAeq 96,0 2,8 101,6 90,4 
     LpCpeak 130,6 3,9 138,4 122,8       Table 6.33 Final results 
 True omc tot R0 
LAeq 96,8 2,7 2,8 0,7 
LpCpeak1 130,8 3,9 3,9 0,7 

 
The variation is rather large. The measured sound pressure levels were all far above 
the limit values. 
 
Toy no 7-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.34. 
 
Table 6.34 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy7-1 Drum 98,7 96,5 -2,2 131,8 136,0 4,2 
 
 
It was suggested that it should be specified if one or two sticks should be used and if 
the drum should be placed  on a floor/table or hanging. Also this test was regarded as 
extreme. E.g. the highest sound could be produced when the toy hang in a device and 
the test person would hit the drum with an outstretched arm. 
                                                                                    
 6.9 Toy no 8 Trumpet 
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Table 6.35 Measured values 
 1 2 3 4 5 6 7 8 9 10 
LAeq 97,2 97,7 100,5 93,8 95,8 97,0 93,3 93,7 95,9 97,0 
s 1,1 2,1 0,9 0,6 1,3 3,1 4,4 2,3 1,1 2,2 
LpCpeak 109,4 113,4 116,4 109,0 111,1 111,2 108,1 111,5 109,8 113,2 
s 0,6 1,4 1,7 1,3 1,2 1,4 2,7 0,7 0,4 1,0 

 
Table 6.36 Statistics 
 All       
 Lm s Lm+2s Lm-2s Excl. 3 
LAeq 96,2 2,2 100,6 91,8  Lm s 
LpCpeak 111,3 2,5 116,3 106,3  110,7 1,8 

 
 
Table 6.37 Final results 
 True omc tot R0 
LAeq 96,8 2,1 2,2 0,7 
LpCpeak1 110,6 2,4 2,5 0,7 
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The results do not show a very large variation. 
 
Toy no 8-2 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.38. 
 
Table 6.38 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 8-2 Trumpet 93,2 91,0 -2,2 108,1 104,8 -3,3 
 
 6.10 Toy no 9 Xylophone 
 

  
 
Table 6.39 Measured values 
 1 2 3 4 5 6 7 8 9 10 
LAeq 90,6 87,1 88,5 85,4 88,7 90,7 87,4 85,8 86,8 85,6 
s 2,7 2,6 1,8 2,1 1,9 2,4 1,3 2,4 1,5 0,5 
LpCpeak 120,8 118,6 119,2 119,0 118,8 120,1 117,4 122,4 116,0 122,3 
s 2,3 2,8 2,4 2,0 2,0 3,3 0,5 4,7 0,6 0,9 
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Table 6.40 Statistics 
 All 
 Lm  Lm+2s Lm-2s
LAeq 87,7   
LpCpeak 119,5    

Table 6.41 Final results 
 True omc tot R0 
LAeq 87,4 1,8 1,9 0,7 
LpCpeak 119,1 1,9 2,0 0,7 

 
Toy no 9-1 was tested by the peer review laboratory both before and after the round-
robin tests. The results are shown in Table 6.42. 
 
Table 6.42 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 9-1 87,4 88,9 1,5 117,4 125,0 7,6 
 
 
The variation is small in comparison to many of the other toys. Also for xylophones 
it would be reasonable to measure peak-sound during worst case condition but for 
continuous sound it should perhaps be specified that several bars of the xylophone 
should be used. 
 
It could also be specified if the toy should be placed on the floor or on a table and 
also whether the measurements should be made with all microphones simultaneously 
rather than one by one. 
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It was noted that the string holding the stick limited the possible movement of the 
stick and thus the sound level. If the cord would have been removed it is likely that 
the sound level would have had greater variation.  
6.11 Toy no 10 Slide and talk phone 
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Table 6.43 Measured values. Values in pink are statistical outliers. 
 
 1 2 3 4 5 6 7 8 9 10 
LAeq 61,7 59,0 61,6 60,5 60,3 67,2 59,3 63,0 64,5 62,3 
s 0,9 0,5 0,4 1,0 0,5 0,3 0,2 0,9 0,2 0,4 
LpCpeak 82,7 80,2 81,7 81,1 82,0 83,7 82,2 81,7 83,5 86,6 
s 0,8 0,1 0,3 0,4 0,3 0,5 0,9 0,5 0,3 0,1 

 
 
 
Table 6.44 Statistics 
 All    Excl 6    
 Lm s Lm+2s Lm-2s Lm s Lm+2s Lm-2s 
LAeq 61,9 2,5 66,9 56,9 61,4 1,8 64,9 57,8 
    Excl 10   LpCpeak 82,5 1,8 86,1 79,0 82,2 1,1 84,3 80,0 

 
Table 6.45 Final results 
 True omc tot R0 
LAeq 61,6 1,6 1,8 0,7 
LpCpeak 82,1 0,8 1,1 0,7 

 
 
There was one outlier (No 6). The lab in question explained that they found one key 
that produced a higher sound than the other keys. 
 
Toy no 10-1 was tested by the peer review laboratory both before and after the 
round-robin tests. The results are shown in Table 6.46. 
 
Table 6.46 Repeated measurement by the peer review lab before and after round-
robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 10-1 59,3 71,3 12,0 82,2 83,6 1,4 
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6.12 Toy no 11 babble phone 
 

 

  
Table 6.47 Measurement results 
 1 2 3 4 5 6 7 8 9 10 
LAeq 50,5 49,6 71,27 45,3 48,3 74,6 74,8 55,6 51,4 64,9 
s 0,2 0,1 1,0 1,0 0,3 1,3  0,4 0,6 1,6 
LpCpeak 92,1 70,9 98,9 75,7 91,3 100,3 98,4 71,5 93,4 99,6 
s 0,7 0,8 0,4 4,5 0,7 0,9  1,1 0,3 1,3 

 
 
Table 6.48 Statistics 

All    Lm tot Lm+2s Lm-2s 
59,0 11,4 81,7 36,3 
89,7 12,1 113,8 65,5 
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Table 6.49 Final results 
 True omc tot R0 
LAeq 54,0 11,3 11,4 0,7 
LpCpeak1 96,9 12,1 12,1 0,7 

 
Toy no 11-1 was tested by the peer review laboratory both before and after the 
round-robin tests. The results are shown in Table 6.46. 
 
Table 6.50 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 11-1 74,8 63,3 -11,5 98,4 91,0 -7,3 
 
 
 
One laboratory explained that if you press the phone while sound is being produced, 
the sound level goes up by about 10 dB. It was also possible to produce mechanical 
sound by one key  which was louder than other keys.  
6.13 Toy no 12 Squeeze duck 
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Table 6.51 Measured values. Values in pink are statistical outliers. 
 1 2 3 4 5 6 7 8 9 10 
LAeq 84,1 85,4 86,6 86,4 84,1 86,4 84,9 78,7 84,2 76,5 
s 1,2 1,2 0,1 4,2 1,5 1,1 2,2 1,3 1,6 1,6 
LpCpeak 99,1 100,3 102,1 101,5 99,9 103,0 100,7 95,1 100,8 99,4 
s 0,4 0,3 0,8 4,4 0,3 1,1 1,1 1,1 1,0 3,7 

 
 
Table 6.52 Statistics 

 All     Excl 10     Excl. 8, 10   
 Lm s Lm+2s Lm-2s Lm s Lm+2s Lm-2s Lm s Lm+2s Lm-2s 
LAeq 83,7 3,4 90,6 76,9  84,5 2,4 89,4 79,7  85,3 1,1 87,4 83,1 
      Excl 8         LpCpeak 100,2 2,2 104,5 95,9  100,8 1,3 103,3 98,2       

 
Table 6.53 Final results 
 True omc tot R0 
LAeq 84,9 0,8 1,1 0,7 
LpCpeak 100,6 1,1 1,3 0,7 

 
 
Outliers are labs 8 and 10. The duck can be squeezed in different ways that will 
produce different sound levels but nevertheless without the two outliers this toy 
turned out to be the most stable one of all the toys tested. 
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Toy no 12-1 was tested by the peer review laboratory both before and after the 
round-robin tests. The results are shown in Table 6.53. 
 
Table 6.54 Repeated measurement by peer review lab before and after round-robin 
 LpAeq, dB LpCpeak, dB 
 Sept 2011 Jan 2012 Diff. Sept 2011 Jan 2012 Diff. 
Toy 12-1 
Duck 

84,9 85,8 0,9 100,7 101,6 0,9 
 
 7 Summary and discussion 
 7.1 Limit values 
 
As we have introduced both new test methods and new requirements for continuous 
noise it is of particular interest to study the results of the LAeq-measurements. 
 
The measurement results for the child actuated toys are shown in table 7.1. With a 
probability of 95% the toys are expected to meet the limit value Lm + 1,6stot. 
 
Table 7.1 Measurement results for the child actuated toys 
 LAeq   LpCpeak   
 Lm stot Lm+1,6s Lm stot Lm+1,6s 
Squeeze doll 65,9 3,1 70,9 88,9 1,1 90,7 
Rattle 76,9 4,9 84,7 107,9 2,8 112,4 
Flute 95,8 2 99,0 105,8 2,3 109,5 
Drum 96 2,8 100,5 130,6 3,9 136,8 
Trumpet 96,2 2,2 99,7 110,7 1,8 113,6 
Xylophone 87,9 1,9 90,9 119,5 2 122,7 
Squeeze duck 84,9 1,1 86,7 100,6 1,3 102,7 
 
Table 7.1 shows that only the squeeze doll meets the basic LAeq= 80 dB whereas the 
basic LpCpeak = 110 dB is met only by the two squeeze toys and the flute. The 
category 2 requirement LAeq = 85 dB is also met by the rattle whereas the squeeze 
duck meets the category 3 requirement LAeq = 90 dB. The category 4 requirement 
LpCpeak = 125 dB is met by the xylophone but not by the drum.  
 
This means, that with the current CEN enquiry version, the flute, the drum, the 
trumpet and the xylophone do not meet the LAeq-requirements. The rattle, the drum 
and the trumpet do not meet the LpCpeak-requirements.  
 
If the toys are dangerous, they should, of course, be banned. However, in these cases, 
in order to get a good reproducibility, the test method is a worst case method with 
adults operating toys normally operated by children and with extreme operating 
conditions outside the scope of normal usage. If such operators make significantly 
more sound than children it might be reasonable to correct the measured value by 
subtracting X dB. So far we have little knowledge about reasonable values for X but 
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some investigations are currently in progress in Germany. If we put all toy 
instruments in category 3 and subtract X = 10 dB,  all instruments but the drum will 
meet the requirements.  
 
As to the rattle studied above the position of highest sound pressure level was in the 
vertical plane below the rattle. In this position it is extremely unlikely to beat 2,5 cm 
from a baby with maximum force. If this position is abandoned, or, alternatively the 
minimum distance is increased to 5 cm the peak level will drop approximately 5 dB 
and, accordingly, the rattle will meet the limit value. Actually the present wording in 
the standard indicates that rattles should be measured perpendicular to the beat plane 
and in that case we are likely to get lower values and thus, to some extent, 
compensating for the fact that 2,5 cm for peak level is unrealistically small. 
 
It should also be noted that the old requirement for rattles LpA,1s= 85 dB corresponds 
to LpAeq = 85 dB if there is one beat per second, which is a reasonable assumption. 85 
dB corresponds to the limit value for a category 2 toy. If the rattle is put in category 1 
the requirement becomes LpAeq = 80 dB corresponding to LpA,1s= 85 dB with a beat 
rate of 1/3 per second. As the real beat rate is in the order of 1-2 beats per second a 
requirement of LpAeq = 80 dB would be 5-8 dB tougher than the old limit value. 
 
Table 7.2 Measurement results for other toys 
Other toys LAeq LpCpeak

Lm stot Lm+1,6s Lm stot Lm+1,6s
Animal Fun Phone 49,4 2,6 53,6 74,1 2,8 78,7
Lawn mower 70,7 2,6 74,8 90,8 2,0 94,0
Singing Radio 61,6 2,0 64,7 83,5 0,7 84,6
Slide and talk phone 61,4 1,8 64,2 82,2 1,1 83,9
Babble phone 59,0 11,4 77,2 89,7 12,1 109,0
 
In Table 7.2  the results for other toys than child actuated toys are shown. In this case 
we have no problems with the basic requirements. However, for close-to-the-ear- 
toys where the requirement LAeq= 60 dB two of the toys exceed the limit. Practically 
this limit is difficult as many toys, now defined to be close-to-the-ear-toys, are not 
really intended to be used close to the ear. Examples of such toys are telephones with 
a display and buttons with different sounds of short duration. By allocating these toys 
to category 3, that is assuming that they are used 10% of the time at the ear, the 
effective limit value for LAeq becomes 70 dB instead of 60 dB. 
 7.2 Measurements 
 
In order to be able to calculate the total standard uncertainty both R0 and omc have 
to be known. 
 
The reference sound source measurements indicate that the GUM modeling approach 
works satisfactorily. Reasonable values forR0 are 
 

1. ISO 11201without meteorological correction at altitudes below 500m and in 
a test room qualified according to ISO 3745 R0 = 0,7 dB 

2. ISO 11201 grade 2 in test room R0 = 1,2 dB 
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3. ISO 11202 with K3A ≤ 4 dB 2
30 25,045,0 AR K  dB  

 
The above numbers assume class 1 instrumentation and that the background noise is 
at least 10 dB below the sound to be measured.  
 omc is more complicated as it varies from toy to toy. 
 
The standard uncertainty for the operating and mounting conditions determined by 
the round-robin measurements is given in table 7.3 and Figure 7.1. 
 
Table 7.3 Measured omc for the toys measured. 4-9 and 12 are child-actuated. 
 
  Toy1 Toy2 Toy3 Toy4 Toy5 Toy 6 Toy7 Toy8 Toy9 Toy10 Toy11 Toy12 
LAeq  2,5 2,5 1,8 3,0 4,8 1,9 2,7 2,1 1,8 1,6 11,3 0,8 
LpCpeak 2,7 1,8 1,2 1,3 2,7 2,2 3,9 2,4 1,9 0,8 12,1 1,1 

       All but 11  All child actuated          Mean s  Mean s excl. Rattle Mean s   LAeq    2,3 1,0  2,5 1,3   2,1 0,8   LpCpeak    2,0 0,9  2,2 0,9   2,1 1,0 
 
All but 5 and 11 

Mean s 
2,1 0,7 
1,9 0,9 
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 Figure 7.1 Measured omc for the toys measured. 4-9 and 12 are child-actuated. 
 
From Table 7.3 we can see that if we exclude the rattle, see discussion in 6.6, and the 
extreme toy no 11,see 6.12, there is no difference between child actuated toys and 
other toys. There is also no significant difference between peak and Leq-levels. In 
general the result is that on average omc = 2 dB with a standard deviation of 0,8 dB. 
 omc above cannot be determined by a single laboratory. Such a laboratory can only 
make a repeatability test in its own premises. The interesting question is whether this 
internal repeatability (marked Lab in Figure 7.2 and 7.3  ) is correlated with the 
round-robin repeatability (marked All in the figures). The results are shown in Figure 
7.2 for LAeq and in Figure 7.3 for LpCpeak.   
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 Figure 7.2 Round-robin omc (All) and internal repeatability (Lab) for the toys 
measured. 4-9 and 12 are child-actuated. 

 Figure 7.3 Round-robin omc (All) and internal repeatability (Lab) for the toys 
measured. 4-9 and 12 are child-actuated. 
 
For LAeq we can see a trend that the round-robin repeatability is worse than the 
internal repeatability in particular for ordinary toys whereas child actuated toys are 
more similar. This is rather logical as it is quite likely that the same operator carried 
out the repeatability measurements on the ordinary toys whereas the child actuated 
toys were operated by 3 different operators. The trend is the same for peak 
measurements although the differences are in general smaller. 
 
Thus the following conclusions are drawn: 
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In general omc  = 2,0 ± 1,6 dB (95% probability) is a reasonable description. Internal 
repeatability tests will not give the true round-robin repeatability but can be used as a 
guidance, in particular for child-actuated toys. For other toys the repeatability test is 
likely to underestimate the round-robin variation of the operating conditions. To 
make it useful it seems necessary to simulate what happens at different laboratories 
better. 
 
The standard deviation of the operating and mounting conditions is sometimes rather 
large. It should be possible to decrease it by further specifying mounting and 
operating conditions and measurement positions. Some examples: 
 
Pass-by tests of battery-driven pull-along/push toys should be replaced by stationary 
tests whenever possible when the sound level is not affected by the movement of the 
toy. If movement is necessary to get sound and the sound level is independent of the 
speed it would be better to measure LAeq during a slow pass-by than measuring LAFmax during a fast pass-by. 
 
Improve the description of operating conditions of electronic toys with many 
different excitation possibilities. For LAeq-measurements the measurement should 
encompass all operating conditions unless there is one condition with significantly 
higher level (10 dB or more), in that case that condition shall be selected. 
 
Improve the description of operating and mounting conditions of child actuated toys 
like drums and xylophones. For drums it should be specified how to mount them, e.g. 
lying on a table, hanging vertically or horizontally in a stand or on the operator. It 
should also be specified how to use the sticks, one or two on one side or one on each 
side simultaneously. For xylophones it should be specified that all plates are to be 
played. 
 
Clarify how to choose microphone position when measuring on rattles 
 
Clarify that one movement per second is not appropriate when trying to achieve the 
highest possible LAeq-value. 
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8 Recommendations 
 8.1 Definitions 
 
Problem: In the present standard wind-up toys are formally treated like child-
actuated toys. This is unfortunate as child-actuated toys are to be measured using 
three different operators. There is no reason to use different operators for wind-up 
toys. 
 
Proposal: Move first paragraph in 8.28.1.3.5 to 8.28.1.3.4. Add wind-up toys to 
definition 3.64 for pull-along or push toys. 
 8.2 Limit values 
 
For close-to-the ear toys with true close-to-the ear use (unchanged): 
 

a) The A-weighted emission sound pressure level, LpA, produced at the 
specified position at 50 cm by close-to-the-ear toys shall not exceed 60 dB 
when measured in a free field. 

 
For toys that can be confused with close-to-the-ear toys.  Such toys weigh typically 
less than 500g, and have a shape and construction making it easy to confuse them 
with typical close to the ear toys like telephones: 
 

b) The A-weighted emission sound pressure level, LpA, produced at the 
specified position at 50 cm by toys that can be confused with close-to-the-ear 
toys shall not exceed 60 dB when measured in a free field and belonging to 
category 1. For category 2 and 3 the limit is 65 dB and 70 dB respectively.  

 
Thus the new table of limit values becomes: 
 
Table 8.1 Overview of requirements on highest permissible sound pressure levels for 
toys designed to emit sound 
Type of toy LpA at 50 

cm 
LpCpeak at 50 

cm 
LpA in a free 

field 
LpCpeak in a 
free field 

1) Close-to-the-ear toys 60 dB 110 dB   
2) Toys easily confused 
with close-to-the-ear 
toys,  
2a) Category 1 
2b) Category 2 
2c) Category 3 
 

 
 
 

60 dB 
65 dB 
70 dB 

 
 
 

110 dB 
110 dB 
110 dB 

  

3) Category 1 toys 80 dB 110 dB   
4) Category 2 toys 85 dB 110 dB   
5) Category 3 toys 90 dB 110 dB   
6) Head-/ear-phone 
toys 

  85 dB 135 dB 
7) Category 4 toys See above 125 dB   
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 8.3 Measurement uncertainty 
 
The total standard uncertainty is given by 
 

22
0 omcRtot    

 
Text to be added to clause on uncertainty: 
 
Use GUM to calculate R0. As a guidance the following values are given: 
 

1. ISO 11201without meteorological correction at altitudes below 500m and in 
a test room qualified according to ISO 3745 R0 = 0,7 dB 

2. ISO 11201 grade 2 using a test room in compliance with clause 5.2.2.1 R0 = 
1,2 dB 

3. ISO 11202 with K3A ≤ 4 dB AR K30 25,045,0   dB  
 
The above numbers assume class 1 instrumentation and that the background noise is 
at least 10 dB below the sound to be measured. There is no difference between peak 
and Leq measurements.  omc is more complicated as it varies from toy to toy. 
 
In general omc  = 2,0 ± 1,6 dB (95% probability) is a reasonable description. Internal 
repeatability tests will not give the true round-robin repeatability but can be used as a 
guidance, in particular for child-actuated toys where three different operators are 
used. For other toys the repeatability test is likely to underestimate the round-robin 
variation of the operating conditions. 
 
In general there is no significant difference in uncertainty between child actuated and 
other toys. Nor is there any significant difference in uncertainty between 
measurements of LpCpeak and LpAeq.   8.4 Measurements 
 
Problem: For child-actuated toys the test method is a worst case method with adults 
operating toys normally operated by children and with extreme operating conditions 
outside the scope of normal usage. As such operators make significantly more sound 
than children the measured value should be corrected by subtracting X dB. A 
prerequisite for this correction is that relevant measurement data to determine X can 
be provided. 
 
Proposal: 
 
Amend the measurement section with the following information, if available: 
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The measured value for continuous noise from child-actuated toys shall be corrected 
according to the following table in order to take into account the difference between 
the extreme worst case testing conditions and normal use by children: 
 
Toy To be subtracted 
Rattles and squeeze toys No correction 
Mouth actuated toys and instruments X1 dB 
Stick actuated toys and instruments X2 dB 
Other actuated toys X3 dB 
  
Note: No correction is to be made for LpCpeak  
For rattles specify that the microphone position shall always be located level with the 
rattle in the horizontal plane 50 cm from and perpendicular to the beat plane. 
 8.5 Specification of operating and mounting 

conditions 
 
Problem: To improve the reproducibility some further clarifications are desirable. 
 
Proposal: 
 
Add/amend the following text either in an annex or in the standard: 
 
For rattles and squeeze toys modify the wordings to the following: 
 
For a toy intended to be shaken, use a movement of approximately 15 cm.  Operate a 
rattle by grasping it where it is meant to be held or, if in doubt, where the longest 
lever can be obtained between the hand and the sound emitting part of the rattle. 
Ensure that the radiated sound is not affected by the grip of the hand. Strike 
downward with hard lashes. For peak measurements use the tempo yielding the 
highest peak sound pressure level, for Leq-measurements use the tempo yielding the 
highest time-averaged sound pressure level. Use the wrist and keep the forearm 
essentially horizontal. Endeavour to achieve the highest possible sound level. Stand 
side-face with the microphone and keep the rattle at the same height as the 
microphone at a distance of 50 cm. 
 
Operate a squeeze toy by grasping the toy with both hands, if feasible, otherwise by 
one hand, and holding it where it is meant to be held or, if in doubt, where the 
highest sound level can be achieved. Squeeze, if possible, with both thumbs to 
achieve the highest possible sound level. For peak measurements use the tempo 
yielding the highest peak sound pressure level. Let the toy recover its full volume 
after each squeeze. For Leq-measurements use the tempo yielding the highest time-
averaged sound pressure level. Stand directly in front of the microphone. Keep the 
air hole at a distance of 50 cm from the microphone and direct it towards the 
microphone. 
 
For other toys: 
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Pass-by tests of pull-along/push toys shall be replaced by stationary tests whenever 
possible when the sound level is not affected by the movement of the toy. If 
movement is necessary to get sound and the sound level is independent of the speed 
measure LAeq during slowest possible pass-by. Otherwise measure LAFmax during pass-
by at 1 m/s. 
 
For electronic toys with many different excitation possibilities let LAeq-measurements  
encompass all operating conditions unless there is one condition with significantly 
higher level (10 dB or more), in that case that condition shall be selected. 
 
Mount drums hanging horizontally on the operator. Use one stick on the upper 
surface.  
 
When playing xylophones play all plates equally much. 
 9 References 
 
[1] CEN TC 52/WG 3/TG 1/N 35 New work item proposal for revision of 

acoustic parts of EN 71-1 
[2] Directive 2009/48/EC of the European Parliament and of the Council of 18 

June 2009 on the safety of toys 
[3] EN ISO 11201:2010 Acoustics — Noise emitted by machinery and 

equipment — Determination of emission sound pressure levels at a work 
station and at other specified positions in an essentially free field over a 
reflecting plane with negligible environmental corrections 

 [4] ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to 
the expression of uncertainty in measurement (GUM:1995) 

 [5] EN ISO 4871:1996 Acoustics - Declaration and verification of noise 
emission values of machinery and equipment 

 [6] ISO 5725 Accuracy(trueness and precision) of measurement methods and 
results 

 Part 1: General principles and definitions 
 Part 2: Basic method for the determination of repeatability and 

reproducibility of a standard measurement method 
 Part 3: Intermediate measures of the precision of a standard measurement 

method 
 Part 4: Basic methods for the determination of the trueness of a standard 

measurement method 
 Part 6: Use in practice of accuracy values 
  



62 
 

 

 
 
 
SP Technical Research Institute of Sweden develops and transfers technology for 
improving competitiveness and quality in industry, and for safety, conservation of resources 
and good environment in society as a whole. With Sweden’s widest and most sophisticated 
range of equipment and expertise for technical investigation, measurement, testing and 
certification, we perform research and development in close liaison with universities, institutes 
of technology and international partners. 
SP is a EU-notified body and accredited test laboratory. Our headquarters are in Borås, in the 
west part of Sweden. 
 

 

 
 
 
 
  


