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Summary 
In German speaking countries, the so-called rating level (Lr) is an important set value in the field of 
occupational health and safety. Lr is a parameter to measure the magnitude of sound immission 
during the evaluation period Tr and takes into account supplements or deductions for specific 
sounds, times or situations. Lr is applied to workplaces characterized by activities with different 
requirements (e.g. concentrated vs. automated work) and focuses on the prevention of extra-aural 
effects. The measurement of Lr is described in DIN 45645-2: 2012 and set values are defined in VDI 
2058:2014. 
However, it is surprising to see that almost no studies exist, where Lr has been varied in order to 
investigate the impact of sounds differing with regard to Lr onto well-being, performance or health. 
Therefore, the set values defined in VDI 2058:2014 are lacking any scientific basis. But Lr can easily 
be calculated retrospectively if the experimental sounds are available and thus it is possible to 
reanalyze data using Lr as a predictor of noise effects. 
The reported study explains the concept of Lr. It also provides results of a reanalysis of experimental 
data based on the application of Lr. The results indicate that the set values defined in VDI 2058:2014 
need to be questioned. However, Lr. also has some potential to be reasonable connected to the 
current research on the Speech Transmission Index (STI) and distraction distance (rD) with regard 
to noise effects at workplaces. 

PACS no. 43.50.Ba, 43.50.Qp 

 
11. Introduction 

In German speaking countries, the so-called rating 
level (Lr) is an important set value in the field of 
occupational health and safety and is also applied to 
acoustics in offices. 
However, this parameter is of no relevance in the 
international field of research and does not 
correspond to the state of the science. It is striking 
to see that Lr has not been investigated during the 
last 20 years with regard to its relevance in office 
acoustics. This was revealed by a scoping review of 
scientific literature covering 122 scientific papers 
from the years 1995 to 2015. The papers were all 

                                                      

 

specifically dealing with extra-aural effects of noise 
[1]. 
Towards this background, it is surprising to see that 
the relevance of Lr is supposed to be confirmed and 
strengthened by the revision of a German work 
place regulation (ASR 3.7). The publication of the 
revised ASR 3.7 has been announced for years now 
but not carried out until the submission of this 
paper. 
The German standard DIN 45645-2 [2] specifies a 
method to measure the noise immission (Lr) at 
workplaces during activities which are assumed to 
feature an increased need for protection (e.g. 
concentrated work). The standard also determines 
limit values for the assessment of annoyance and 
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interference (extra-aural effects) which are 
expected to occur due to the noise. 
The application of the standard involves a precise 
analysis of the noise situation and an observation of 
the activities being performed during work. The 
determination of Lr comprises several work steps, 
namely: 

 
Execution of work analysis 
Implementation of the measurement 
Determination of Lr 
Determination of the measurement uncertainty 
Comparison with limit values 
Preparation of the measurement report 

 
During work analysis, it is recommended to analyze 
and describe the work carried out at a workplace. 
When measuring the noise immission at the 
workplace, it is important to ensure that all phases 
related to and representative of the work activity are 
really captured. If various activities are carried out 
during a working day, possibly also at different 
workplaces, then requirements and limit values 
applied to these periods may differ. Set limit with 
regard to Lr under consideration of the work activity 
are formulated in guideline VDI 2058-3 [3]. 
In order to determine Lr, it is required to measure 
the A-weighted equivalent sound level (LpAeq). 
Different time-weightings (Fast, Slow, Impulse) 
can be applied to the measurement of LpAeq, which 
is the basic principle of the determination of Lr. 
If noise in the context of a work activity is of high 
impulsiveness or tonality or contains information 
(e.g. speech), then surcharges have to be applied. 
These surcharges are supposed to account for the 
greater potential for interference from those noises. 
The requirement to apply the surcharge for 
impulsiveness (KI) follows from the difference 
value between the time-weighted (impulse) 
equivalent sound level LpAIeq and the time-weighted 
(fast or slow) equivalent sound level LpAFeq, which 
must be at least 3 dB. If the difference value is 
greater than 3 dB, it is added to LpAeq. The 
maximum surcharge is limited to 6 dB.  
If tonality of the noise is high or if the sound 
contains information (e.g. intelligible speech), then 
the surcharge for tonality or informational content 
(KT) must also be determined. The surcharges are to 
be set to 3 dB or 6 dB, depending on the extent of 
tonality or information content. The extent is judged 
subjectively. 
Self-generated sounds caused by the employee in 
the course of his own activity are not to be included 

in the assessment of the respective workplace, as 
these are not considered to be disturbing. 
Summing up, the rating level is expressed by the 
following equation: 
 

	Lr	 	LpAeq	 	KI	 	KT (1) 
 
The sum of the two surcharges is limited to a 
maximum of 6 dB. 
To check the measurement accuracy, it is necessary 
to repeat each measurement at least once. If the 
results differ by more than 3 dB, the entire process 
must be repeated. 
The guideline VDI 2058-3 is a central document 
regarding the assessment of noise in working 
environments in Germany. It deals with noise 
emissions in the workplace taking into account 
different categories of activities (mental activity; 
simple or automated activities and comparable 
activities; other activities). Characteristics and 
examples of those categories are given in the 
standard for orientation. Three rating levels are 
assigned to these activities as limit values: 
 

Lr ≤ 55 dB: mental activity 
Lr ≤ 70 dB: simple or automated activities and 
comparable activities 
Lr > 70 dB: other activities 

 
It should be noted that the limits are maximum 
values that should be undercut and not used as target 
values for planning.  
Many other acoustic factors contributing to noise 
effects are also mentioned in the guideline (e.g. 
bandwidth, tonality, sharpness, duration, 
impulsiveness, fluctuation or fluctuation strength, 
roughness, reverberation time, speech 
intelligibility, background noise, changes in 
location or localizability). 
Additionally characteristics of the work task and 
personality factors are also referred to (e.g. 
demands on attention, concentration, memory or 
learning ability, attitude towards the noise source as 
well as the physical and mental conditions of the 
individual). 
However, the question arises how the three defined 
limit values of Lr can account for the complexity of 
noise effects. 
Although references are made to findings from 
noise effects research in the guideline VDI 2058-3, 
it remains unclear to what extent the defined limit 
values are based on empirical findings and if they 
really guarantee for different acoustic qualities at 
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workplaces. In fact, it must be pointed out that the 
literature cited in the guideline does not at all 
address any relationship between Lr and 
performance or annoyance. 
Due to this lack of empirical evidence, the data of 
an experiment, which has already been published 
before [4], is reanalyzed here in order to investigate 
the relationship between Lr and cognitive 
performance as well as noise annoyance. Cognitive 
performance was operationalized by a short-term 
memory task (serial recall task) and annoyance was 
measured by a questionnaire. 
To the knowledge of the author, this is the first time 
that Lr is reconsidered as an independent variable 
with regard to the prediction of cognitive 
performance and annoyance for at least two 
decades. If Lr and the defined limit values are 
reasonable it can be expected that performance and 
perceived annoyance vary depending on Lr and that 
levels of Lr below 55 dB lead to better performance 
and less perceived annoyance. 
 

22. Methods 

As the experiment and its methods and procedure 
have been reported before the methods section 
corresponds to an abbreviated version of the 
original publication and the interested reader is 
referred to the original publication [4]. 

2.1 Participants 

24 students took part in the experiment (Age: 
20 - 33 years; Median: Md = 25 years; Gender: 
4 male, 20 female). All participants were native 
German speakers and reported normal hearing 
ability. A small allowance was paid for 
participation. 

2.2 Materials 

The experiment was run on an Apple MacBook 
computer. The serial recall task was presented with 
the experimental software PsyScope X B54 [5]. 
In the serial recall task, the digits from 1 to 9 were 
successively presented in the middle of the 
computer screen in randomized order (700 ms on, 
300 ms off; font: Chicago; font size 16). These 
digits had to be maintained and recalled in exact 
presentation order after a short retention interval of 
10 s. Twelve different repetitions of the serial recall 
task were conducted in each of the eight sound 
conditions. 
                                                      

 

For assessing perceived annoyance the five-point 
verbal (not at all – slightly – moderately – very – 
extremely) and 11-point numerical (0–10) rating 
scales in the style of ISO/TS 15666:2003 were used. 
Since the ISO/TS 15666:2003 addresses long term 
noise exposure during a period of months, the 
wording of the questions was changed in order to 
refer to the short period of indoor sound exposure 
in this investigation (Thinking about the last 
minutes, how much did the background sound 
conditions bother, disturb or annoy you?; Thinking 
about the last minutes, what number from 0 to 10 
best shows how much you were bothered, disturbed 
or annoyed by the background sound conditions?). 
Unmasked and masked native speech as well as 
speech-like noise conditions were included in the 
experiment to test the effects of sound conditions of 
varying Lr on short-term memory and perceived 
annoyance. For each sound condition, Lr was 
calculated according to the procedure described 
above. All levels are presented in Table 1. 
 
Table I. Sound conditions and corresponding rating 
levels (Lr).  

Sound Conditions Lr 

Silence (Baseline Condition) 25 

Pink Noise 55 

Continuous Speech-like Noise 55 

Variable Speech-like Noise 61.1 

Masked Speech SNR = -6 dB(A) 55 

Masked Speech SNR = -3 dB(A) 55 

Masked Speech SNR = 0 dB(A) 58.7 

Speech 60.9 

 
For speech conditions, unmasked native speech was 
used as a starting point, labeled Speech. Here, the 
HSM sentence test [6] material was used. It consists 
of studio recorded correct German sentences, which 
are unrelated to each other but represented 
semantically meaningful native speech to the 
German participants. 
This speech sound was masked with a continuous 
speech-like noise at different SNR. These sound 
conditions were labeled Masked Speech SNR = 0 for 
SNR = 0 dB(A), Masked Speech SNR = -3 for SNR 
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= -3 dB(A) and Masked Speech SNR = -6 for SNR 
= -6 dB(A). 
The continuous masking sound was the ICRA noise 
number 1, [7]. This noise is generated from natural 
speech and has frequency characteristics 
corresponding to the overall spectral shape of male 
speech at normal speaking effort in accordance with 
ANSI S3.5, while lacking a temporal structure. 
This Continuous Speech-like Noise was also 
included as sound condition in the present 
experiment, i.e. without being superimposed to 
speech. 
The unmasked native speech sound was opposed to 
Variable Speech-like Noise (ICRA noise number 5, 
[7]), which has frequency characteristics 
corresponding to the overall spectral shape of male 
speech at normal speaking effort in accordance with 
ANSI S3.5 and equal temporal-spectral 
characteristics as natural speech while carrying no 
semantic meaning. 
Pink Noise was included in the experiment since it 
has been frequently used in basic research 
experiments investigating performance effects of 
sound conditions. As overall control condition, a 
Silence condition was introduced in which soft Pink 
Noise was played back. 

2.3 Procedure 

Each participant performed different instances of 
the serial recall task and annoyance ratings under 
each sound condition. The annoyance ratings were 
collected directly following the serial recall task. 
The presentation order of the sound conditions was 
balanced over participants by a Latin square design 
to account for potential seriation and position 
effects. Each participant began with a practice of the 
serial recall task during silence. Each digit not 
recalled in its previously presented serial position 
was counted as an error. 
 

33. Results 

3.1 Performance data 

If Lr and the defined limit values are reasonable it 
can be expected that performance is best and 
perceived annoyance is lowest during Silence. 
Performance and perceived annoyance should be 
the same for Pink Noise, Continuous Speech-like 
Noise, Masked Speech SNR = -6 dB(A) and Masked 
Speech SNR = -3 dB(A). However, those sound 
conditions should differ from Silence. Masked 
                                                      

 

Speech SNR = 0 dB(A) should differ from the latter 
sound conditions and also from Speech and 
Variable Speech-like Noise. The latter two sound 
conditions should reveal comparable results. 
Average error rates and standard errors are depicted 
in Figure 1 for each sound condition. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Performance during the different sound 
conditions in terms of error rates (n = 24). Means with 
standard errors are plotted. 
 
It may be guessed from the descriptive results in 
Figure 1 that the hypotheses based on Lr do not hold 
true. This observation is confirmed by the statistical 
analysis (pairwise comparisons by t-tests). First of 
all performance during Silence is not significantly 
different from Pink Noise (p > .05) and Continuous 
Speech-like Noise (p > .05) even so there is a big 
difference with regard to Lr. 
However, Masked Speech SNR = -6 is significantly 
different from Pink Noise (p < .05) and Continuous 
Speech-like Noise (p < .05). The same applies if 
Masked Speech SNR = -3 is compared to Pink Noise 
(p < .05) and Continuous Speech-like Noise (p < 
.05). Considering Lr, the latter four sound 
conditions should not differ from each other. 
As expected, Masked Speech SNR = 0 is 
significantly different from Masked Speech SNR = 
-6 (p < .05) and Masked Speech SNR = -3 (p < .05). 
But contrary to the expectations Variable Speech-
like Noise causes significantly less errors compared 
to Masked Speech SNR = 0 (p < .05) and Speech (p 
< .05). 

3.2 Annoyance ratings 

The same expectations as compared to the 
performance data can be derived for perceived 
annoyance. Average annoyance ratings and 
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standard errors are depicted in Figure 2 for each 
sound condition. Again, the results are not in line 
with the expectations. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Annoyance during the different sound 
conditions in terms of ratings on a 11-point scale (n = 
24). Means with standard errors are plotted. 
 
As expected perceived annoyance during Silence is 
significantly lower compared to Pink Noise (p < 
.05), Continuous Speech-like Noise (p < .05), 
Masked Speech SNR = -6 dB(A) (p < .05) and 
Masked Speech SNR = -3 dB(A) (p < .05).  
However, Masked Speech SNR = -6 is significantly 
different from Pink Noise (p < .05) and Continuous 
Speech-like Noise (p < .05). The same applies if 
Masked Speech SNR = -3 is compared to Pink Noise 
(p < .05) and Continuous Speech-like Noise (p < 
.05). As expected, Masked Speech SNR = 0 is 
significantly different from Masked Speech SNR = 
-6 (p < .05) and Masked Speech SNR = -3 (p < .05). 
But contrary to the expectations Variable Speech-
like Noise causes significantly less annoyance 
compared to Masked Speech SNR = 0 (p < .05) and 
Speech (p < .05). 
 

44. Conclusion 

The results of this study are straightforward. Lr and 
the defined limit values in Germany do not capture 
the noise effects on performance and perceived 
annoyance in this study. For that reason, Lr and the 
limit values have to be questioned. 
Of course, the results of only one study should also 
be questioned and therefore it is recommended to 
conduct comparable reanalyses of available data in 
order to provide empirical evidence for the 
relevance of Lr and the defined limit values. 
                                                      

 

However, taking into consideration the available 
scientific knowledge  

 with regard to the special importance of 
speech intelligibility,  

 with regard to effects of noise on 
performance and perceived annoyance,  

it is to assume that the current approach in German 
guidelines and regulations based on Lr will not be 
helpful. 
Nevertheless, Lr may still be a useful parameter if it 
is considered as a speech or variability detector. 
Whenever the surcharges KI or KT have to be 
applied, it is to assume that a speech or a speech-
like sound are involved and thus effects on 
performance and annoyance can be expected. 
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