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Abstract   The influence of non-acoustical factors on noise annoyance was studied in a 
unique field experiment. An innovative system was implemented for selecting 
representative participants from the Dutch population, as regards age, gender, level of 
education, noise sensitivity, reported anxiety, pre-exposure to train and road traffic noise, 
general quality of the living environment, and general health. It was grounded in 1500 
participants’ responses to a specifically constructed questionnaire, which contained items 
from a nation-wide Dutch and Eurobarometer surveys. Finally, 100 representative 
participants were selected. During the experiment, which took place in a realistic setting 
(living room of holiday cottage), groups of 5-7 participants were asked to be seated, relax, 
reading a magazine or newspaper and were served refreshments. During their stay, traffic 
noise was reproduced in an ecologically valid way via outdoor loudspeakers. Every ten 
minutes, the participants were asked to assess traffic noise annoyance. At the beginning 
and after at least 1 hour of the experiment, participants were also asked to scale the 
annoyance of a set of 7 reference sounds utilized for master scaling. In this field 
experiment, residual effect on noise annoyance was found from non-acoustical factors like 
noise sensitivity, environmental worry, and health status. Even after master scaling, it 
seems that inter-individual variation in traffic-noise annoyance remains which is 
dependent on certain important non-acoustical factors. 

1. INTRODUCTION 

As it is well known from literature [1]-[4] that noise annoyance is only partly explained by 
acoustical factors such as noise level. Average noise level thus only allows to predict noise 
annoyance at the community level with a reasonable degree of precision. Many non-
acoustical factors – social as well as personal – that influence inter-individual differences in 
perceived noise annoyance at the same exposure level have been identified. Transportation 



noise annoyance experiments typically do not take non-acoustical factors into account, 
because one is only interested in average response of a large population. One often ignores 
the requirement that, even with this goal in mind, the panelists have to be a representative 
subgroup of the population under study. Particular care is needed for factors that are 
generally believed to be important modifiers for perception of noise annoyance, such as noise 
sensitivity and environmental worry. Previous work concerning the annoyance of high-speed 
trains and train-like transportation systems based on magnetic levitation [5]-[7] for example 
has been questioned on this topic, because only a small, non-representative group of panelists 
was used.  
 
The present study that had noise annoyance caused by magnetic levitation trains as its 
primary focus, tried to solve this issue by its design. Using an innovative system, participants 
representative for the Dutch population were selected. Age, gender, level of education, noise 
sensitivity, reported anxiety, pre-exposure to train and road traffic noise, general quality of 
the living environment, and general health were the most important target descriptors. A 
master scaling transformation was applied to the annoyance data for calibrating out some of 
the inter-individual differences in perceived noise annoyance between panelists. 
 
The present field experiment was also unique in the way the sound samples were presented to 
the panelists. A realistic home-like setting was created, in which the participants were 
exposed to longer fragments of sound, together with typical quiet periods in between. Traffic 
noise was reproduced in an ecologically valid way, using multiple outdoor loudspeakers to 
simulate the pass-by effect. In a previous paper [8], general annoyance results of this field 
experiment were already presented as a function of LAeq. In this paper we will focus on the 
observed effects of non-acoustical factors on psychophysical function and the residual effects 
on master-scaled noise annoyance. 
 

2. THE FIELD EXPERIMENT 

2.1 Realistic Setting 

As a natural setting, a holiday cottage in Westkapelle (Zeeland, The Netherlands) was 
selected because of its quiet environment and accessibility. During the experiment, subgroups 
of participants were seated in the living room, reading a magazine, engaging in light 
conversation or having something to drink. Figure 1(a) shows the house and its environment. 
 

 (a)  (b)  (c) 
Figure 1 – Snapshots of the house where the experiment was performed. (a) Entrance through garden to house 

at the left; (b) Playback equipment; (c) Artificial head placed among the panelists. 

 



 

2.2 Ecologically Valid Sound Reproduction 

Much attention was paid to creating a realistic reproduction of the three-dimensional indoor 
sound field, produced by a moving source outside the house. Because of the difficulties 
related to the signal processing required for producing the effect of a house via headphone 
playback or via indoor loudspeakers, and because these systems would diminish the natural 
feeling of the experimental room, it was decided to reproduce the sound field from outside 
the house. It was assumed that two channel recording would be accurate enough to get a good 
three-dimensional representation indoors. This hypothesis was checked for low speed trains 
at short distance. For this, the indoor sound field in a house close to an existing railway 
produced by a real train was compared to that reproduced artificially using two loudspeakers. 
The evaluation was done in situ as well as offline using the binaurally recorded sound field. 
For most trains the artificial sound could not be distinguished from the real sound. 
 
The loudspeaker setup was placed in front of a slightly opened window of the experimental 
house, as shown in Figure 1(b), and consisted of 4 Bose loudspeakers mounted on 2 tripods, a 
2000 W subwoofer, an amplifier and a 31-channel equalizer. This system allowed to 
reproduce the sound spectrum to within 2 dB in each octave band between 30 Hz and 16 kHz. 
The sound reproduction system was invisible for panelists entering the house. The sound 
level at the façade was recorded for further reference. The attenuation of the façade and the 
reverberation in the living room both modify the spectrum and temporal characteristics of the 
sound. An artificial head, shown in Figure 1(c), was therefore placed among the panelists, to 
monitor the indoor sound field. The difference between the sound pressure level at the façade 
and at the ear of this artificial head was approximately 21 dB. No visual presentation of the 
passing vehicles or trains was given during the experiment, since it seemed unnatural that one 
would see the passages from indoor, especially in an environment with plenty of trees. 
 

2.3 Sample Collection and Preparation 

Test sounds for highway noise, as well as for three types of train systems – conventional IC 
trains, high-speed TGV trains and magnetic levitation trains – were collected. For this, 2-
channel recordings using 2 microphones at a distance of 20 m from each other along the 
track, placed 1.5 m above ground level were performed at various locations in Belgium, The 
Netherlands and Germany. To assess the influence of distance to the track and vehicle speed 
on annoyance, recordings were made at 4 distances (25 m, 50 m, 100 m and 200 m) and for 
different vehicle speeds. 
 
From the set of recordings made at each site, the highest quality passage-sound was selected 
and 45-second fragments were cut, except for the highway traffic, for which a 10-minute 
recording was used. Since from the start it was deemed important to expose the panelists to 
sufficient duration of sound, 10 minutes of sound exposure was compiled for each given 
experimental sound (henceforth called a menu). To create a realistic situation in case of the 
train menus, within one 10-minute menu only stimuli of the same train type, at the same 
distance and speed should be included. Menus with 2 and 4 passages were used because 4 
passages in 10 minutes is the time-schedule maximum. For master scaling, seven road traffic-
noise-like reference sounds of 45 seconds duration at various levels were used. These sounds 



were artificially produced by changing amplitude and spectrum of the highway noise 
recorded at 50 m from the highway. 

2.4 Selection of a Representative Panel 

A careful selection of panelists aimed at guaranteeing a representative sample of the 
population under study. For this reason, a questionnaire was administered at the doorstep of 
approximately 1500 persons living within a distance of 15 km from the experimental site. In 
an accompanying letter, one inhabitant of the house was invited to participate in the study 
and to send the questionnaire back using the enclosed stamped envelope. A compensation of 
€ 100 was offered for participation. 
 
The reference structure of the Dutch population was inferred from a recent RIVM 
environmental noise survey [9] and partly from a Eurobarometer questionnaire. The 
procedure to draw panelists from the 255 replies received involved three stages. Stage 1 
removed potential panelists on the basis of their age and hearing ability. Stage 2 further 
removed those that were very dissimilar from the typical Dutch person on the basis of binary 
coding of a large number of criteria. Stage 3 finally selected panelists on the basis of fuzzy 
resemblance to the typical Dutch person on the most important criteria: age, gender, 
education, noise sensitivity, feeling afraid or frightened, hearing train noise at home, quality 
of traffic noise in the living environment, quality of the living environment, general health 
and illness. Finally, 100 representative participants were selected. Figure 2 shows a 
comparison of the participants with the reference population for the categories noise 
sensitivity and quality of traffic noise in the living environment. 
 

0%

5%

10%

15%

20%

25%

0 1 2 3 4 5 6 7 8 9 10

noise sensitivity

participants
reference

0%

5%

10%

15%

20%

25%

0 1 2 3 4 5 6 7 8 9 10

quality of traffic noise

participants
reference

Figure 2 – Distribution of participants in the listening experiment over noise sensitivity and quality of traffic 
noise in the living environment, compared to the distribution of the Dutch population (reference). 

 

2.5 Outline of the Listening Test 

To illustrate how the listening test was performed, Figure 3 shows the sound pressure level in 
dB(A), rerecorded in front of the façade, to which a group of panelists was exposed. About 5 
panelists jointly participated in a session. The overall structure and time schedule of the 
listening experiment was the same for all panelists. First a 14-minute training session was 
held during which the test persons were asked to evaluate each of the 7 reference sounds, 
used for master scaling, two times (in random order). Subsequently, 7 10-minutes menus 



were played. The first menu was always a highway traffic menu. After a short break, the 
training session was repeated, after which again 7 other menus of 10 minutes were played. 
After this experiment, a more conventional listening test was conducted, for which the test 
persons had to scale all 45-second transport noise stimuli used in the experiment, including 
the reference sounds twice.  
 
 Training 

session 
1 highway traffic menu 

6 train menus 
Training 
session 

1 highway traffic menu 
6 train menus 

Conventional 
listening test 

 

40
50
60
70
80
90

100

8:20 8:30 8:40 8:50 9:00 9:10 9:20 9:30 9:40 9:50 10:00 10:10 10:20 10:30 10:40 10:50 11:00 11:10 11:20 11:30 11:40 11:50 12:00 12:10 12:20 12:30

Time [s]

LA
eq

,1
s 

[d
B(

A)
]

Figure 3 – Sound pressure level rerecorded in front of the façade during a session. 

 
During the experimental sessions, perceived noise annoyance of the transport noises was 
scaled with the method of free-number magnitude estimation [10]. The panelists were asked 
to give their assessment of the sounds by writing numbers on different pieces of paper. After 
each 45-second sound (training sessions and conventional listening test), a conditional 
question was asked: “To what extent would you be annoyed by this traffic sound, if you 
heard this while relaxing?”. After each 10-minute menu a very similar but retrospective 
question was asked: “To what extent were you annoyed by traffic sound during the previous 
period?”.  
 
At the end of the experiment, the panelists were asked to complete a shortened version of the 
questionnaire used for panelist selection, that focused on the non-acoustical factors that are 
the main focus of this paper. The relevant questions for the following assessment were 
(translated from Dutch): 

• To what extend are you sensitive to sound? / 11 point scale: not at all to very. 
• Thinking about The Netherlands, how worried are you about: / list of 12 

environmental issues / 4 point labeled answering scale. 
• To what extend do you believe that the following could affect your future quality of 

life / several aspects, including noise annoyance / three-point labeled answering scale. 
• How is your health in general / 5 point labeled scale. 

 

2.6 Master Scaling 

The 7 road-traffic-like reference sounds, used in all experimental sessions, helped the 
panelists to define their scaling context. The ratings for these reference sounds made it 
possible to control for the individual panelists choice-of-number behavior in scaling the 
target train and road traffic sounds. For this, the individual panelist annoyance scales were 
calibrated to a common master scale [11]. One of the research questions addressed in this 
paper is to what extend this master scaling eliminates inter-individual differences in response 
caused by non-acoustical factors. 
 
A graphical illustration of the master scale transformation applied to the annoyance data of a 
single panelist is given in Figure 4. The average reported annoyance of the 7 reference road 



traffic noises is plotted in lin-log coordinates against their sound levels LAeq,45s, measured at 
the façade, and the individual psychophysical function is fitted to these data, which is of the 
form 
 
 logA a b S= +  (1)
  
 

log A aS
b
−

=  (2)

 
where A is the reported annoyance, and log S is the corresponding road traffic noise reference 
sound level in dB(A). The constants a and b will be different for each panelist, and will 
depend amongst others on their choice-of-number behavior. The following master function is 
then used to transform the road traffic reference sound levels to an annoyance value R in 
master scale units: 
 
 62.9 1.45logR S= − +  (3)
 
The slope is defined as the average slope of all individual functions; the intercept (a) was set 
to produce an annoyance-value of zero for the most quiet train menu, because a great 
majority of the panelists (84%) reported its annoyance to be zero. Every target noise 
annoyance value was transformed this way for each panelist separately. 
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Figure 4 – Calculation of master-scaled annoyance, using the individual psychophysical function extracted 

from the evaluation of  the reference sounds (solid line) and a master function (dashed line). 

 
This master scaling also allowed to investigate the quality of the experimental data in two 
ways. Firstly, the reference sounds were presented 6 times in total to each panelist. The 
consistency between the numbers used for evaluating them, is a measure for the performance 
of each panelist. A second measure of data quality tests the consistent trend in the rating of 
the reference sounds. The deviation of a panelist’s evaluation from the proposed master 
function is used for assessing that panelist’s performance and to trace errors and inaccuracies. 
Strictly speaking, testing monotonicity of the psychophysical function would be enough. 
 



3. RESULTS 

3.1 Influence on individual psychophysical functions 

In Figure 5 the intercept of the individual psychophysical functions with the A=0 axis 
(annoyance threshold): /a b− , is plotted against different personal factors which were 
extracted from the questionnaire completed on site at the end of the listening test. This 
parameter can be interpreted as the threshold for annoyance of the average façade sound level 
(LAeq). As one would expect, there is a negative correlation with the panelists average worry 
concerning environmental issues, the expected influence of the sound on their quality of life 
and their reported noise sensitivity. The worry concerning environmental issues was 
calculated as the average of 12 environmental topics; the numbers used for averaging the 
responses were 0 (not at all concerned), 1 (not very concerned), 2 (somewhat concerned) and 
3 (very concerned). The people that report bad health are in general older, and possibly do 
not hear the road traffic reference sounds as well as the other panelists; this may explain the 
higher value of the annoyance threshold for those persons. 
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Figure 5 – Annoyance threshold of individual psychophysical functions plotted as a function of different on-site 
reported personal characteristics; the error flags give the standard error on the mean value. 

The cross correlation between the non-acoustical factors investigated in Figure 5 is in general 
low, except for the expected influence of noise on future QoL and noise sensitivity (r = 0,46). 
 



3.2 Influence on perceived noise annoyance 

As all subjects were exposed to exactly the same 10 minutes of road traffic at the beginning 
of the two listening sessions, the master scaled response to this sound could also be used for 
analyzing the impact of personal factors. Figure 6 shows a significant dependence on 
environmental worry of the master scaled reported noise annoyance. A cumulative normal 
distribution seems to predict the dependence. In Figure 7 one can see that the expected 
influence of noise on the quality of life and the reported health status modify reported 
annoyance in a way that is not calibrated out completely by master scaling. 
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Figure 6 – Annoyance by a 10-minute exposure to road traffic (average of two tests) as a function of on-site 

reported worry concerning environmental issues (arithmetic average); the error flags give the standard error 
on the mean value; the trend line is a shifted cumulative normal distribution. 
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Figure 7 – Annoyance by a 10-minute exposure to road traffic (average of two tests) as a function of on-site 
reported expected influence on quality of life and health status; the error flags give the standard error on the 

mean value. 

 

4. CONCLUSIONS 

A unique field experiment was set up to study annoyance by transportation noise, which was 
innovative in the way test persons were selected to have a representative panel, and in the 
way the noise stimuli were presented to the panelists. This field experiment also made it 
possible to study the influence of several non-acoustical factors on noise annoyance. A 



significant trend was found for several reported personal characteristics investigated. This 
does not imply that there may not be other significant relations. This work proves that it is 
necessary to check for the most important personal factors when selecting a test panel for 
noise annoyance experiments. The master scaling procedure does not seem to eliminate the 
influence of all of the personal factors that may influence the perception of annoyance over a 
longer time period. 
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CHILDREN’S SOUND EXPOSURE

Stuart J. McLaren?, Philip J. Dickinson

? Massey University Wellington, Wellington, New
Zealand

Many children have a measurable hearing loss before
they even go to school. From the time of their birth,
many children are flung into a world of (mainly totally
unnecessary) noise and through no fault of their own
are faced with health problems and handicap later in
life. During their school days many will find it diffi-
cult to keep up with the curriculum and in terms of
academia fall by the wayside – not through any lack
of ability but simply because they could not hear all
that was being said to them. Those that have special
needs are even more seriously affected and often little
thought is given to their protection. By the time they
reach adulthood more than 50% may have a signif-
icant hearing loss that will prove a severe handicap
throughout their adult life. This situation is totally
preventable. For all but a few children, the hearing
loss is noise induced. A large component comes from
uncontrolled sound in leisure activities, but regrettably
excessive sound from some controlled activities, may
also be partly to blame.
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NOISE, ANNOYANCE AND FATIGUE IN PRE-
SCHOOL ENVIRONMENTS

Ulf Landström

National Institute for Working Life, Ume̊a, Sweden

In an investigation including seven pre-schools, sound
exposure was analysed in the perspective of noise
sources, noise levels, frequency character and tem-
poral pattern of the sound. Included in the study was
also to analyse the way in which the employees were
effected by the noise and how the size of the classes,
noise exposure and adverse effects were correlated. The
average dBA value in the schools was found to be 75
dBA. The noise was dominated by the high frequency
fluctuating sounds from the activities of the children,
especially their voices. The number of children in the
classes was found to have a minor effect on the average
daily noise exposure. As expected, a doubling of the
number of children causes an increase of approximately
3 dB of the daily exposure of the employees. On the
other hand during specific activities, e.g. in play rooms
and dining rooms; the noise levels were highly effected
by the number of children. A doubling of the number of
children in the plying rooms was correlated to a 15-20
dB increase of the sound level, due to the children’s
attempt shout over each other in larger groups. About
75% of the workers had difficulties in hearing the voices

from others during more than on fourth of the working
day. 90% of the workers considered that the noise made
the work more difficult to carry out. High levels of the
annoying and tiring effects were reported daily among
one fourth of the workers. A significant correlation was
furthermore observed between annoyance due to noise
and being worned-out. About one forth of the workers
reported to have daily fatigue during their work and
spare times.
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OBSERVATION ON THE INFLUENCE OF NON-
ACOUSTICAL FACTORS ON PERCEIVED NOISE
ANNOYANCE IN A FIELD EXPERIMENT

Bert De Coensel?, Dick Botteldooren, Tom De Muer,
Peter Lercher, Birgitta Berglund, Mats Nilsson

? Ghent University, Ghent, Belgium

The influence of non-acoustical factors on noise an-
noyance was studied in a unique field experiment. An
innovative system was implemented for selecting rep-
resentative participants from the Dutch population,
as regards age, gender, level of education, noise sen-
sitivity, reported anxiety, pre-exposure to train and
road traffic noise, general quality of the living envi-
ronment, and general health. It was grounded in 1500
participants’ responses to a specifically constructed
questionnaire, which contained items from a nation-
wide Dutch and Eurobarometer surveys. Finally, 100
representative participants were selected. During the
experiment, which took place in a realistic setting (liv-
ing room of holiday cottage), groups of 5-7 participants
were asked to be seated, relax, reading a magazine
or newspaper and were served refreshments. During
their stay, traffic noise was reproduced in an ecolog-
ically valid way in outdoor loudspeakers. Every ten
minutes, the participants were asked to assess traffic
noise annoyance. At the beginning and after at least
1 hour of the experiment, participants were also asked
to scale the annoyance of a set of 7 reference sounds
utilized for master scaling. In this field experiment,
residual effect on noise annoyance was found from non-
acoustical factors like noise sensitivity, environmental
worry, and health status. Even after master scaling,
it seems that interindividual variation in traffic-noise
annoyance remains which is dependent on certain im-
portant non-acoustical factors.
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