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Summary

Annoyance is one of the most studied reactions to noise. Nevertheless, little is known about the effect of the

simultaneous occurrence of noise from different sources. Existing models which predict annoyance resulting from

combined noise sources are derived from results for single sources and have not yet been validated. The present
study empirically investigates actual annoyance as caused from different combinations of road and rail noise in
a laboratory experiment. 72 volunteers were exposed to different noise scenarios consisting of combinations of
road and rail traffic noise. During noise presentation, test persons had to carry out a task on a personal computer.

After each noise scenario, they had to rate their subjective annoyance. A statistical model is derived from the

resulting data set, which describes the relationship between noise exposure, task difficulty and annoyance.

PACS no. 43.50.Qp, 43.50.Rq, 43.50.Lj, 43.50.Ba

1. Introduction

Transportation noise is one of the most annoying environ-
mental pollutants. In 1994, about 30% of the EU citizens
were exposed to traffic noise levels greater than 55 dBA,
13% were exposed to levels even greater than 65 dBA [1].
In many cases, people are exposed to noise from differ-
ent sources at the same time. For developing action plans
for noise abatement an explanation of the functional rela-
tionship between noise and annoyance ratings is useful. A
carefully performed meta analysis, which includes roughly
60 000 extended interviews [2] has shown that aircraft-
noise annoys most and rail-noise least, while the differ-
ences increase with noise loads.

There are several approaches aiming at the prediction
of annoyance resulting from two or more noise sources.
Commonly known are, for example, the energy summa-
tion model [3, 4], the dominant source model [5, 4] and the
annoyance equivalence model [4]. Whereas the first one
assumes that the total annoyance can be solely predicted
by the total noise exposure level, the dominant source
model implies that only the loudest among several sound
sources has an effect on annoyance. However, Miedema
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has shown that empirical data do not always support either
of these models leading to the more sophisticated annoy-
ance equivalence model [4]. There, the noise level of each
single source is transformed into equally annoying sound
levels of a pre-chosen reference source.

So far, all three models are derived from empirical stud-
ies regarding only single sources. The study presented here
provides an empirical data-set for combined rail and road
traffic sounds. Its experimental set-up resembles a work-
ing situation: Sound levels vary within a realistic range of
indoor noise exposure and participants focus on solving
tasks. Based on the obtained empirical data set, the func-
tional relationship is analysed between the two types of
traffic noise, interaction effects, task difficulty, further co-
variates and the resulting acute annoyance.

2. Experimental set-up

Traffic noises used in this study consist of combined rail-
way and road noises with graded sound intensities and a
duration of 5 minutes, cf. Table I. The noises of the in-
dividual sources, “rail” and “road” have been separately
recorded using a stereo microphone and have been con-
verted digitally into Dolby-Surround 5.1 signals. All sig-
nals are established and provided as 16 bit, 44.1 kHz in-
terleaved wave files by SASS acoustic research & design
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Table I. Used sound configurations for the evaluation process.
(The equivalent continuous sound levels are given in dBA SPL
re 20 yPa.)

Background 34 | Railway 46 | Railway 64

34.0 454 63.4

Backgr. 34 37.0 454 63.7
34.0

Road 46 47.0 50.0 64.0
46.6

Road 64 64.7 64.8 68.0
64.6

GmbH. The single sources, rail and road, were available
with a level of 34, 46 and 64 dBA SPL (re 20 uPa). The 64
and 46 dBA versions are identical for both types of noise,
except that the 64 dBA version is decreased digitally to get
the 46 dBA sound. The 34 dB versions are represented by
a noise with spectral properties like background noise in
urban vicinity, without occurrence of specific perceptible
acoustical events. This noise has been chosen instead of
further decreasing the level of the recordings. So, there is
no partial masking of the quiet parts of the road and rail
signals by the background noise in the laboratories.

We have chosen 34, 46 and 64 dBA SPL (re 20 uPa)
as graduations of the sound intensities so that an optimal
evaluation of the dose response model has become possi-
ble. Besides, in all these noise combinations, the contribut-
ing sources are still clearly discernable. Table I presents
the resulting combinations in the following way: level of
railway / level of road. For example, the sound “64/46”
combines 64 dBA rail with 46 dBA road noise. The levels
in this table refer to the total sound levels as measured at
the typical position of the subjects’ head during the listen-
ing tests.

Figure 1 shows the level over time for both sound
sources. The railway noise consisted of 12 pass-bys of
trains with freight trains, passenger trains, single engines,
and high speed trains. Although unrealistic within a gen-
eral environment, such situations can indeed be found in
close proximity to main railway stations. The main reason
for choosing this scenario was, however, to construct an
indoor sound level without too much structure while ad-
hering to the given noise level. The road noise scenario
consists of noises from 74 passenger cars passing by at
constant speed, no further sources are perceptible.

In Figure 2 the power spectral density of each single
signal is presented. The spectra of the road and rail-noise
are quite similar, despite of differences in the frequency
region between 50 and 100 Hz and above 4 kHz.

Figure 3 displays the distribution of sound levels within
each scenario. The levels of rail noise varied between 23-
81 dBA and of road noise between 43-75 dBA. The devia-
tion between the shapes of rail 64 and rail 46 is caused by
the fact that the recording level was set for levels greater
than ~20 dBA: Lower levels become indistinguishable and
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Figure 1. Level versus time for road- and rail-noise for the en-
tire sound-sources at the head-position of the subjects during the
tests.
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Figure 2. Power spectral densities at the head-position of the sub-
jects during the tests.

gather in the area close to 20 dBA. However, this is no
problem for the hearing experiments, because the back-
ground noise in the laboratories was around 20 dBA.

The experiment itself was conducted in three laborato-
ries (situated in the German cities Dortmund, Essen and
Eichstitt). The acoustical properties of all three laborato-
ries were adjusted to the recommendations for the oper-
ation of 5.1-dolby surround systems (ITU-R BS.1116-1).
In every laboratory, the identical experimental plan was
carried out. The procedure was controlled by a computer
program: Sounds, questions and rating scales were auto-
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Figure 3. Level-distribution at the head-position of the subjects
during the tests. For comparison the area of the background noise
is shaded: almost 100% of the levels have values between 33 and
35dBA.
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Table II. Covariates. N: number of factor levels.

Variable N levels

noise level 3 34, 46, 64 dBA

noise source 2 rail, road

gender 2 male, female

time of day 2 morning, afternoon

task difficulty 2 easy, difficult

laboratory 3 Eichstitt, Dortmund, Essen

Wie stark haben Sie sich durch die

Gerauschkulisse im Hintergrund insgesamt
GESTORT oder BELASTIGT gefiihit?

auBerst

stark

O

mittelmaRig

etwas

gar nicht

# after = Sentence 1 & after #
Sentence 2 * before &
&# Set of symbols * & #
L [ O] L [ O]

Figure 4. Easy (left side) and difficult (right side) version of the
Grammatical-Reasoning-Test.

matically presented and all responses were entered by a
keyboard.

During the sound presentation in the experiment, sub-
jects had to carry out the Grammatical Reasoning Test
(GRT) to simulate a work condition. The test is part of
the ADARD-STRES battery [6]. The GRT requires logi-
cal thinking and additionally places demands on working
memory. The stimuli of the GRT are sentences of varying
syntactic structure and a set of symbols which is presented
simultaneously. The test person has to analyze the particu-
lar sentence and must decide whether the sentence is con-
cordant with the sequence of the symbols in the symbol
set. The test was presented in an easy and difficult version
[7]. In the easy version there is one sentence accompanied
by a set of symbols (see Figure 4 left part). In the difficult
version there are two sentences and one set of symbols
(see Figure 4 right part). The test persons were instructed
to correctly solve as many test problems as possible in the
5 minute experimental sections.

All 9 sound scenarios were presented on both task lev-
els, resulting in 18 conditions in total. The sound scenarios
were presented in random order with the only restriction of
maximal two consecutive conditions with equal task level.
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Figure 5. Annoyance question and rating scale (“How much did
you feel annoyed or disturbed in total by the noise?” - “not at

CLITS

all”, “slightly”, “moderately”, “very”, “extremely”).

The experiment lasted 7.5 hours, including introduction,
practice sections, rating sections and pauses. For each vol-
unteer, the experiment was divided into two sessions, one
taking place in the morning (starting between 8.30 h and
9.00 h), the other one in the afternoon (starting between
12.30 h and 13.30 h). The two sessions took place within
8 days. Table II summarises the independent variables of
the experiment.

After the presentation of each scenario, a rating scale
for assessing the level of annoyance and a rating scale for
assessing the level of loudness were presented in random
order. Thereafter, also task difficulty and the perception
of strain had to be rated. The ratings were followed by
a pause lasting between 2 and 15 minutes depending on
individual preferences.

Here, we focus on annoyance ratings. Annoyance was
recorded using an adapted version of the recommendation
by the International Commission on the Biological Effects
of Noise (ICBEN) with the reading “How much did you
feel annoyed or disturbed in total by the noise?” [8, 9].
The ratings were measured by means of a vertically ori-
ented rating scale consisting of five categories (as shown
in Figure 5). The labels followed the original suggestion of
ICBEN: “not at all” - “slightly” - “moderately” - “very” -
“extremely”. Similar to the proceedings of hearing acous-
tics, each category was subdivided into 10 graduations re-
sulting in a 50-point rating scale. Like in the category loud-
ness scale (see [10]), the participants were instructed to
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choose first the appropriate category and then to make a
finer choice. The chosen grade was shown as a number.
The numbers from 1 to 10 refer to “not at all”, the dig-
its from 11 to 20 to “slightly” and so on, where 50 is the
maximum.

The experiments have been approved by the Local
Ethics Committee and the participants have given their
written consent. Subjects were recruited following the
same rules for each laboratory: 12 male and 12 female vol-
unteering students between 20 and 30 years (overall mean
24.1 £ 2.9 years). Using a screening questionnaire, hear-
ing capability was controlled. Diagnosis of a hearing disor-
der, differences in hearing of both ears, Tinnitus, long-term
hearing phenomena and wearing a hearing aid were crite-
ria of exclusion from the experiment. Test persons, who
had had an inflammation of the middle ear in their infancy
for several times underwent an audiometry to determine
their hearing capability. Every participant obtained a finan-
cial compensation.

At the beginning of the experiment, individual noise
sensitivity was measured by the Noise Sensitivity Ques-
tionnaire (NoiSeQ; [11, 12]) Every session started with
abbreviated scales measuring the situation-specific mood
(basing on MDBF, see [13]).

The experimental procedure was explained in the first
session and the use of rating scales and tasks (see below)
was practiced. During the introduction and practice sec-
tion, no sound was presented. Afterwards test persons lis-
tened to anchor sounds representing the loudest and the
quietest sound used in the whole experiment. These ar-
rangements were taken to minimize the effect of interindi-
vidual differences in the use of scales.

3. Modelling annoyance

For the development of a dose-response model that ex-
plains the relationship between acute annoyance ratings
and the covariates a regression model is adequate. Covari-
ates are for example used to characterise noise level, task
difficulty, gender of the proband et cetera. Because annoy-
ance ratings as measurements of the response variable are
measured on a discrete and bounded scale, the assump-
tions made in classical linear regression are violated.

We can find a more suitable model in the wider class of
generalized linear models (see [14]).

A generalized linear model is based on the following as-
sumptions: We denote the vector of covariates by x. The
variable of interest Y* follows for a given setting x of the
covariates, denoted by Y* | x, a distribution from an expo-
nential family, which is further characterised by

e the expectation value E(Y* | x)

e a linear predictor, summing up individual covariates
multiplied with the corresponding elements of an un-
known parameter vector

e acontinuous link function g that links the predictor with
EXY* | x).
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Table III. Covariates and coded levels. DO: Dortmund, EI: Eich-
sitt, E: Essen(0).

Variable values(coded value)

total noise level Xievel 37, ..., 68 dB(see text)
dominant source Xdom road(-1), none(0), rail(1)
equal noise levels Xent levels are not(0)/ are equal(1)
subject’s gender Xgex female(-1), male(1)

time of day Xday morning(-1), afternoon(1)
task difficulty Xaiff low(-1), high(1)

laboratory1 Xiabl DO(-1), EI(1), E(0)
laboratory2 Xiab2 DO(-1), EI(0), E(1)

In our experiment, the response variable acute annoyance
denoted by Y can take values between 1 and 50. We shift
the values by one and define Y* = Y — 1. The purpose of
this is to get a variable, hence Y*, which ranges from 0 up
to some value n and therefore has the sample space of a bi-
nomial distribution. We now can assume that Y* is binomi-
ally distributed (IB(n, x)) with parameters n = 49 and un-
known z. The binomial distribution is part of the exponen-
tial family and can be used to build up the generalized lin-
ear model. The expectation value of Y* is E(Y*) = 49z,
where 7 is unknown but depends on the vector of covari-
ates x, thus z(x). The variance, as determined by the bi-
nomial distribution, is Var(Y™*) = nz(x)(1 — z(x)).

The variance within the data set is often higher than
suggested by the variance given by the binomial model.
In such cases, a further parameter is introduced, the so-
called overdispersion parameter ¢, and it is assumed that
Var(Y*) = ¢497(x)(1 —z(x)). So, the overdispersion pa-
rameter measures how much greater the actual variance of
the data is compared to the model-based one.

From the experimental set-up we have a number of co-
variates, which we are coded for the statistical analysis as
shown in Table III. Each presented noise scenario com-
bines rail and road noise. We characterise the noise ex-
posure by three covariates. Since the total noise level is
not the arithmetic sum of the individual levels, it is not
recommendable to add individual levels. Instead, we take
the total noise level as shown in Table I (used sound-
configuration). So, for instance, the (intended) 64/64 sce-
nario has (used) X,piserever = 68, Whereas the 64/34 and the
64/46 scenario both have x5 1ever = 64 if decimal places
are rounded. As it is no longer clear which source is louder,
we use the dummy variables x4, to indicate the dominat-
ing one. We set x4,, = +1 if rail noise is louder than road
noise and x4,, = —1 if road noise is louder, x4, = 0 if
there is no difference. Since there might be another effect
if equally loud noises are combined, we introduce another
dummy variable x,,, that is set to x,,; = 1 if a scenario has
equal noise levels and x.,; = 0 if the noise levels are differ-
ent. So x4,,» accounts for different kinds of noise whereas
x.n allows for a possible interacting effect if both noises
are equally loud. Note that these effects are independent
from each other. All the other dichotomous variables are
coded with levels -1 and +1.
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The predictor is constructed from the independent vari-
ables; these are the so-called main effects and the inter-
actions, which are given by the product of the individual
contributing factors’ levels. Initially, one could think of a
predictor consisting of all covariates and their two-way in-
teractions. In this case

g(7(x)) = Po + Buoiselevel * Xnoiselevel + Bdom * Xdom (1
+ Pent * Xent + Psex * Xsex + Pday * Xday
+ Baifr * Xaifr + Brabt * Xiav1 + Prav2 * Xiap2
+ Buoiselevel,dom * Xnoiselevel * Xdom
+ Buoiselevel.eni * Xnoiselevel * Xenl

+ ...+ Baisfiab2 - Xdiff * Xiab2-

Using a link function is necessary to transform the predic-
tor, ranging within (-oo0, o), onto the parameter space of
the parameter 7 which is [0, 1]. Concerning the choice of
a link function g the results from a pre-stage experiment
with more noise levels recommend the use of the com-
plementary loglog link function (cloglog) that is g(x) =
log(—log(1 —x)) [15].

The usual maximum likelihood approach for the estima-
tion of the unknown parameters f; is based on the assump-
tion of independent observations. This assumption may be
violated here as each subject gives more than one rating.
An estimation method that incorporates the dependence
structure of the observation is given by the so-called gener-
alized estimating equations (GEE). These allow for a more
efficient parameter estimation even if the correct correla-
tion structure is unknown. Here, we assume that a subject’s
ratings’ correlation follows an AR(1) process, i.e. the rat-
ing at position k depends on the one from position k-1. A
detailed description of the AR(1) property can be found in
[16]. Unless stated otherwise, all of the results in this arti-
cle are based on GEE-approaches with AR(1) assumption.

The predictor equation (1) will likely contain factors
which have negligible effects on annoyance ratings. So,
a method is required which yields a parsimonious but still
adequate predictor that includes all relevant factors. Such
a method is performed by a stepwise model selection pro-
cedure which aims at finding the most significant for the
model [17]. We employ the forward directed selection that
in each step picks up the most significant factor if signifi-
cant at the 1% level. If its p-value drops below this level in
a later step, it is then removed again. It is common practise
to remove main effects only if interactions involving that
term have already been removed. The procedure stops if
no more significant factors can be found.

Performing the stepwise model selection procedure
gives the results as shown in Table IV. A closer look at
the laboratory effects and their interactions with the noise
level reveals that they only affect the ratings in the quieter
scenarios where there is neither noise louder than 46 dBA.
The difference is rather small, and its maximum of 2.4 in
the estimated expected annoyance rating between labora-
tories occurs in the 34/34 scenario. Based on the fact that
the inclusion of laboratory effects will not be helpful in
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Table IV. Results from GEE-analysis (stepwise regression).
NLxdiff: Total noise level x task difficulty, labl xNL: labora-
toryl x total noise level, lab2xNL: laboratory2 X total noise
level.

factor parameter standard p-value
estimate error

intercept (f) —2.3251 0.0956 < 0.0001
total noise level 0.0318 0.0013 < 0.0001
task difficulty -0.104 0.0490 0.0337
equal noise levels 0.0628 0.0165 0.0001
NLxdiff 0.0027 0.0008 0.0011
laboratory 0.3252 0.1302 0.0125
laboratory2 0.4998 0.1375 0.0003
labl xNL 0.0040 0.0018 0.0232
lab2xNL 0.0072 0.0020 0.0004
Overdispersion 8.582

Table V. Results from GEE-analysis (final model equation).
NL xdift: Total noise level x task difficulty.

factor parameter standard p-value
estimate error
intercept (fo) -2.3121 0.0999 < 0.0001
total noise level 0.0316 0.0014 < 0.0001
task difficulty —0.0980 0.0489 0.0451
equal noise levels 0.0628 0.0165 < 0.0001
NLxdiff 0.0026 0.0008 0.0016
Overdispersion 8.697
P
2
g % - ulngqually loud sources,
3 difficult tasks
§ equally loud sources,
o v | difficult tasks
E
@
g
E &
= equally loud sources,
o) easy tasks
3* unequally loud sources,
easy tasks
37 46 49 64 67
total noise level (dB(A))

Figure 6. Estimated dose-response relationship for mean annoy-
ance rating at different noise level.

the use of the model as prediction model, we further re-
duce the model by excluding them. This gives the final
regression results as shown in Table V.

So, the final predictor equation is

g(m(x)) = Po + BreverXiever + BaifrXaifs + BentXent
+ Bleveldif f Xlevel Xdiff - )

and using the estimated parameter vector f§ we get

g(ir(x)) = —2.3121 + 0.0316x/eye — 0.098xdiff
+ 0.0628x,,; + 0.0026xlevelxd,~ff. 3)
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Figure 7. Density plot of the observed annoyance ratings for the nine combinations of rail - road noise scenarios while doing difficult
tasks. Vertical lines show the model-estimated mean of the ratings, the shaded area marks the region in which 95% of the ratings are to

be expected.

As we can clearly see, average annoyance rating increases
if total noise level is raised. It is, unsurprisingly, the most
important predictor, too, which augments the predictor by
0.98 if we move the sound level from 37 to 68 dB(A). No-
tably, this effect interacts with task difficulty: Considering
the easier tasks the predictor increase is 0.90, whereas for
the more difficult tasks it is 1.06. These findings strongly
support the assumption that the subjective evaluation of
noise is affected by simultaneous actions, to a degree that
depends on the sound level itself.

Concerning the effects of combined sources we find
that differences in annoyance ratings are not to be found
if either road noise or rail noise represents the dominant
source. Remarkably, there is small but discernible effect
if both sound levels are equal. In this case, the expected
annoyance rating will be greater compared to a situation
with the same total noise level but unequally contributing
sources. This indicates that there is a combination effect.

As an example of how to apply the model, assume that a
subject has to do difficult tasks in the loudest sound setting
(64 dBA of both rail and road noise). Then x.,,; = 68,
xgisr = 1 and x.,y = 1. Consequently, we have

g(#(x)) = =2.3121 4+ 0.0316 - 68 — 0.0980
+0.0628 + 0.0026 - 68 = —0.0217
yielding
#(x) =1 —exp (—exp(—0.0217)) = 0.6241
and
E(*|x)=#-49 =30.58.
398
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The estimated rating would then be
Y=¥*+1=3158.

The standard deviation as estimated by the model, includ-
ing the overdispersion parameter ¢, is

\/ ¢ - Var(Y | x)

\/8.697 -0.6241 - 0.3759 - 49
9.999.

sd(Y | x) 4

A visual interpretation of estimated annoyance ratings
is also helpful. Figure 6 shows estimated dose-response
curves for varying noise levels relative to the dichotomous
variables of task difficulty and equal noise levels. The non-
linear characteristic of the link function is discernable. It
can also be seen that the differences in ratings between
easy and difficult settings increase with raising sound lev-
els.

However, estimated annoyance rating for an individual
situation is only of limited use. As shown in Figure 7 by
the histograms, the observed ratings exhibit a large vari-
ance causing wide intervals in which to expect a singu-
lar rating with 95% probability. For example, in the 64/64
scenario with an estimated rating of 34.3, we would expect
95% of all ratings to lie between 16 and 50.

We therefore look at the model from a different point of
view. Instead of individual ratings we consider the propor-
tion of certain annoyance ratings. Due to our use of a scale
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Figure 8. Observed percentages of highly annoyed subjects (as-
terisks) and estimated proportion of highly annoyed (box) to-
gether with 95% confidence intervals (vertical lines).

as in ISOTC 43/SC 1 2002, we classify a rating of 31 or
more as one from a subject feeling “highly annoyed”. This
is consistent with [8], where also the 40% highest possi-
ble ratings are rated as highly annoyed, but different from
Mediema’s use of the top 28%. In terms of our model, the
probability that an individual rating is “highly annoyed” is
P(Y > 30| x) for a given scenario x.

Figure 8 presents the observed proportions of “highly
annoyed” ratings for the two levels of difficulty and vary-
ing total noise levels. These lie almost always within the
95%-confidence interval for the percentage of “highly an-
noyed”. For instance, if we consider a 46/34 scenario
(which means that either source of noise is at 46 dBA and
the other at 34 dBA) the proportion of “highly annoyed”
subjects solving difficult tasks is expected to be within
9.2% and 15.3% (95% confidence interval), whereas the
observed percentage is in fact 11.5%.

We conclude that although the model allows estimating
individual ratings in a given situation, the prediction of a
singular rating is inefficient due to the high distributional
variance. But if we turn to the proportion of “highly an-
noyed” ratings the model gives useful results.

4. Discussion

The present study empirically investigated sound com-
binations from rail and road traffic. The selected dose-
response model identifies the noise level as the most pow-
erful predictor for annoyance reactions. Other included
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variables - as task difficulty and equality of noise levels -
are of minor importance. Note that the effect of the equal-
ity of noise levels variable is essentially an interaction
effect. The factors noise source, dominant source, time
of day, and gender of subjects were also considered, but
showed no significant influence on the annoyance rating.
Using the results from the final model equation estimates
of annoyance can be made not only for the noise settings
used in the experiment but also for other scenarios with
different noise level combinations.

As indicated by the large overdispersion parameter,
there is a considerable variance in the annoyance ratings
between subjects. Individual differences in weighting and
integrating certain aspects of a given noise scenario into
the final annoyance judgement could be a cause. The in-
terindividual variation might be reduced by taking indi-
vidual variables into account as for example noise sensi-
tivity, mood, or critical tendencies [18]. However, knowl-
edge about these will usually not be available in a predic-
tion situation, which renders them useless for an applica-
ble model.

The conducted study aimed at developing a quantitative
model that allows for specific traffic situations the predic-
tion of annoyance. The model turned out to be even more
suiTable for the prediction of the proportion of “highly an-
noyed” subjects. In practise, the proportion of “highly an-
noyed” persons will be of higher importance, as they rep-
resent the target group for noise abatement (see [4]).

The prediction model presented here deviates from
Miedema’s linear approach, as we take the dose-response-
relationship to be principally S-shaped, an assumption
which is also backed up by earlier experiments [15]. Con-
cerning the way of implementing noise and its sound levels
into the prediction equation, the results from our model do
not contradict neither the energy summation, nor the an-
noyance equivalence model. The dominant source model,
however, is not suiTable for our data, as it would predict
an increase in annoyance only if a louder source was added
to a given source. A factor of equal noise level would not
be needed within such a model. Besides, transforming the
sound levels of noise sources into corresponding levels of
a reference noise source as proposed in the equivalence
model is also not necessary in our situation. In this case,
the annoyance equivalence model collapses to the energy
summation model. The energy summation model is clos-
est related to our model, as the total noise level is the only
relevant predictor of annoyance.

The developed model is applicable only for noise sce-
narios resulting from trains and cars passing at constant
speed and predicts acute annoyance. Therefore, it seems
to be worthwhile to conduct further experiments in order
to clarify, whether the presented model can be applied to
noises from vehicles in other motion states (accelerating,
breaking, ...) and to a greater variety of vehicles (motor
bikes, lorries, ...). Apart from the sound pressure level it
seems promising to take different patterns of pass-by noise
into account. In the conducted experiment subjects con-
centrated on a grammatical task with two difficulty lev-
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els. The difficulty of the activity was found to be signifi-
cant, but with a limited effect, such that further examina-
tions seem advisable. Tasks with a wider range of difficulty
and with demands on different mental processing systems
should be considered. As differences between laboratory
and field studies [19, 20] are to be expected, the presented
prediction model must be validated in or adapted to field
situations. The structure of the developed model and the
available data basis can easily be extended to further fac-
tors and factor levels.
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