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Since annoyance reactions of children to environmental noise have rarely been investigated, no
source specific exposure-response relations are available. The aim of this paper is to investigate
children’s reactions to aircraft and road traffic noise and to derive exposure-response relations. To
this end, children’s annoyance reactions to aircraft and road traffic noise in both the home and the
school setting were investigated using the data gathered in a cross-sectional multicenter study,
carried out among 2844 children �age 9–11 years� attending 89 primary schools around three
European airports. An exposure-response relation was demonstrated between exposure to aircraft
noise at school �LAeq,7–23 h� and severe annoyance in children: after adjustment for confounders, the
percentage severely annoyed children was predicted to increase from about 5.1% at 50 dB to about
12.1% at 60 dB. The findings were consistent across the three samples. Aircraft noise at home
�LAeq,7–23 h� demonstrated a similar relation with severe annoyance. Children attending schools with
higher road traffic noise �LAeq,7–23 h� were more annoyed. Although children were less annoyed at
levels above 55 dB, the shapes of the exposure-response relations found among children were
comparable to those found in their parents.
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PACS number�s�: 43.50.Qp, 43.50.Lj, 43.66.Lj �BSF� Pages: 895–904
J. Acoust. Soc. Am. 125 �2�, February 2009 © 2009 Acoustical Society of America 8950001-4966/2009/125�2�/895/10/$25.00



I. INTRODUCTION

Annoyance is one of the most widespread and well-
documented responses to noise. It is a collective term for
several negative reactions such as irritation, dissatisfaction,
or anger, which appear when noise disturbs someone’s daily
activities.1 While adult reactions to noise have been well
described,2–4 this is not so for noise annoyance in children.
In comparison with adults, children may be particularly vul-
nerable to the effects of noise because they have less capac-
ity to anticipate, understand, and cope with stressors.5

Exposure-response relationships for noise annoyance
among adults have been widely studied, and large datasets
have allowed the construction of generalized curves.6–11 For
children, generalized exposure-response relationships are
lacking. According to Lercher,12 this omission is due to a
lack of a standard methodology for measuring annoyance in
children and insufficient representative data on which to base
a generalized exposure-response relationship. Four previous
studies have assessed residential noise annoyance in children
in a quantitative and systematic manner: the Munich airport
study,13,14 the Heathrow studies,15–17 and the Tyrol
studies.18,19 In these studies, children living in noisier areas
in their community were significantly more annoyed by
noise than children living in quieter areas.

Most studies have only focused on exposure at school
when investigating the effects of noise exposure in children.
This is a gap in research since the impact of noise on chil-
dren’s health can occur in different environments over a 24 h
period: at home and at school, indoors and outdoors and over
different times of the day.20

Among adults, annoyance is usually measured by means
of one or more questions as part of a questionnaire or
interview.21 In the past, a wide variety of questions and scal-
ing methods has been employed to measure annoyance.11 As
with adult studies, different methods have been used to mea-
sure children’s annoyance reactions. Although each of the
studies purports to measure annoyance, it is not fully clear
what is being measured. Some studies13,14 define annoyance
as an affective response that indicates a chronic decline in
well-being; others22 conclude that noise annoyance in chil-
dren pertains to the same construct as in adults, since the
emotional response to aircraft noise was consistent with
adult reactions. In previous studies among adults,23,24 inter-
ference and annoyance were highly related while well-being
formed a separate dimension. It is uncertain whether children
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are also able to make such distinctions and thus show a com-
parable pattern to adults.

The primary goal of this paper is to investigate chil-
dren’s annoyance reactions and the existence of exposure-
response associations to aircraft and road traffic noise in both
the home and the school setting, using data collected from
children living around three European airports, gathered in
the framework of the European Fifth Framework Project
Road Traffic and Aircraft Noise Exposure and Children’s
Cognition and Health �RANCH�. A secondary goal was to
compare children’s annoyance reactions with those of their
parents. Some results of RANCH have already been reported
elsewhere,25 focusing on the effects of noise exposure at
school on cognition and health.

II. METHODS

A. Selection and recruitment

Children aged 9–11 years were recruited from primary
schools in areas around Heathrow airport �London, UK�,
Schiphol airport �Amsterdam, The Netherlands�, and
Madrid-Barajas airport �Spain�. Schools were selected ac-
cording to the modeled noise exposure of the school area
�expressed as LAeq,7–23 h� and were matched on indicators of
socioeconomic status �SES� and ethnicity. Out of 767 pri-
mary schools available, 134 were invited to participate and
89 agreed. The parents or caregivers of 3207 children were
approached through the schools by letter to give consent for
their children to participate. Written consent was additionally
obtained from the children. The final sample contained 2844
children. For full details of selection and recruitment, see
Ref. 25.

B. Procedure

The children completed a self-administered question-
naire on annoyance as part of a 2 h group testing session
which also included various paper-and-pencil tests measur-
ing cognitive abilities.25 The children were also given a ques-
tionnaire to take home for one of their parents or caregivers
to complete, and requested information on the health and
behavior of the child, on hearing transportation sounds and
their annoyance, and potential confounding factors such as
glazing of the child’s home, length of residency, indicators
for SES �employment status, crowding, maternal education,
and parental home ownership�, ethnic origin, and main lan-
guage spoken at home. These variables were only available
for those children whose parents also completed the ques-
tionnaire, so parents’ participation served as a criterion for
inclusion in the statistical analysis. To ensure accurate con-
ceptual translation, all questionnaires were translated from
English into Dutch and Spanish and subsequently back-
translated. Before data collection, all procedures and materi-
als were tested in a pilot study in October 2001. In all three
participating countries, ethical approval of the study was ob-

tained.
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C. Noise exposure assessment

In each country, predicted levels of aircraft noise expo-
sure for both the school and children’s home address were
obtained from nationally available noise contours or grids.
The United Kingdom and Spain both used noise contours
predicting LAeq,16 h, which predicts average noise exposure
from 0700 to 2300 h for a three month period for the year
2000. In The Netherlands, modeled aircraft noise levels
�LAeq,7–23 h� for the period of a year with a resolution of
250�250 m2 grids were obtained. The contours in the UK
and Spain were provided by the British Civil Aviation Au-
thority and the Spanish Airports and Air Navigation, respec-
tively. The Netherlands used noise data from the year 2001
provided by the Dutch National Aerospace Laboratory
�NLR�.

Road traffic noise levels were only available for the
school situation since it was not possible to estimate road
traffic noise exposure at home in a reliable way for this
study. Predictions of road traffic noise at school �expressed in
LAeq,7–23 h� were made using different methods in each coun-
try, as the data detailing road traffic noise in each country
varied enormously. In the UK, road traffic noise exposure
was predicted using calculation of road traffic noise
�CRTN�.26 This method involves obtaining the traffic flow
data for the road section nearest to the school and calculating
noise exposure. The traffic flow data covered the period
0700 to 2300 h. In The Netherlands, modeled composite
data from 2000 and 2001, with a resolution of 25�25 m2

grids, were linked to school addresses using a geographic
information system �GIS�.27 In Spain, direct external mea-
surements were taken of road noise during school visits. Tak-
ing into account factors such as traffic flow, speed limits, and
distance to the street, these were transformed into 7–23 h
LAeq-values.

D. Child and parent noise annoyance

For both children and parents, annoyance was measured
as part of a self-administered questionnaire by means of stan-
dard questions. For children the following wording was used:
“Thinking about the last year, when you are at �school�
�home�, how much does the noise from �aircraft� �road traf-
fic� bother, disturb, or annoy you?” Answers were indicated
on a five-point category scale �“not at all, a little, quite a bit,
very much, extremely”�. For parents the following wording
was used: “Thinking about the last 12 months, when you are
at home, how much does noise from �aircraft� �road traffic�
noise bother, disturb, or annoy you?” Answers were indi-
cated on a five-point category scale �“not at all, slightly,
moderately, very, and extremely”�.21

Children and parents were also asked how frequently
they heard the noise from road traffic or aircraft when they
were at school or home: “Do you hear noise from �aircraft�
�road traffic� when at �school� �home�?” Answers were indi-
cated on a four-point category scale �“never, sometimes, of-
ten, and always”�. If parents indicated never hearing noise
while indicating “slightly,” “moderately,” “very,” or “ex-
tremely” annoyed, their answer on the question measuring

annoyance was recoded to “not at all annoyed.” Since we
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could not necessarily expect children to answer these ques-
tions in such a consistent way, this transformation was not
used for the children. For both children and parents, the an-
swers of the annoyance questions were subsequently di-
chotomized, with the two highest categories �“very much”
and extremely annoyed� defining “severely annoyed.” This
cutoff corresponds to a lower cutoff than used for defining
“highly annoyed” in the pooled analyses of Miedema and
co-workers.9–11 In their analyses, the annoyance scale is
transformed to a 0–100 scale and the cutoff for highly an-
noyed corresponds to a value of 72.9–11 Our cutoff point
would correspond to a cutoff at 60 on the same scale.

E. Interference with activities

Interference with activities at school and at home was
measured by asking the children whether noise from road or
aircraft noise interfered with �i� playing outdoors, �ii� work-
ing in a group, �iii� working individually, �iv� listening to the
teacher, �v� listening to TV, radio, or music, �vi� talking, or
�vii� reading or doing homework. Answers were indicated on
a four-point category scale �“never, sometimes, often, and
always”�.

F. Perceived health

In order to measure perceived health, the children were
asked how often they had the following symptoms during the
past month: headache, vomiting, stomachache, difficulty fall-
ing asleep, and the number of times woken at night or felt
sleepy during the day. Answers were indicated on a five-
point category scale �“never, a few times, once a week, a few
times a week, and every day or night”�.

G. Data analysis

In order to test the convergent and divergent validity of
the annoyance scale, a principal component analysis �PCA�
was carried out using SPSS for Windows �version 12.0.1� on
the annoyance and interference questions for both the school
and home situation and perceived health. Home and school
annoyance and interference questions were combined in the
PCA, and subjective health symptoms were included, in or-
der to determine whether children could distinguish between
the home and school situation, and between annoyance inter-
ference and subjective health. We expected high correlations
between annoyance and/or interference at school and at
home for aircraft noise, respectively, but not necessarily for
road traffic noise. Only components that accounted for vari-
ances with eigenvalues greater than 1 were included in the
following presentation. To make the components more inter-
pretable a rotation with the Varimax method was performed.
However, on the basis of age, gender, etc., one would expect
a certain correlation between the components. As a kind of
sensitivity analysis an oblique rotation �with delta=0� was
performed in addition to Varimax rotation, assuming that the
resulting components may be correlated. Cronbach’s alphas
were calculated to test the internal consistency of the ob-

tained components.
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To assess the association between aircraft and road traf-
fic noise exposure and severe annoyance, multilevel logistic
regression analyses by means of generalized linear mixed
models were carried out using the GLIMMIX procedure in
SAS version 9.1. The advantage of multilevel modeling com-
pared to a simple logistic regression approach is its ability to
take into account effects at the level of center, school, and
pupil simultaneously. Two-level �pupil and school� random
intercept models were used, and country was included as a
fixed effect. Coefficients �B� and standard errors were esti-
mated under residual pseudolikelihood estimation. In all
models, aircraft or road traffic noise exposure �either at
school or at home� was the main independent variable and
was included as a continuous variable. For the association
with aircraft noise, a quadratic term for aircraft noise was
also included because this increased the model fit �see also
Ref. 25�. The logistic regression models included age
�years�, sex, ethnicity �white/nonwhite�, school glazing
�single, mixed, double, and triple� or double glazing at home
�yes/no�, length of school enrolment ��1, 1–2, 3–6, and
�6 years� or residency ��1, 1–5, 6–10, and �10 years�, and
indicators of SES �crowding, home ownership, parental em-
ployment, and mother’s education� as potential confounders.
Models were estimated for the pooled data. Heterogeneity in
the exposure-response relationships among countries was
tested in the models on the pooled data by examining the
interaction between country and noise exposure. Statistical
significance of a coefficient was tested under maximum
pseudolikelihood estimation, using a Wald chi-square test.

III. RESULTS

A. Sample information

The British sample contains fewer employed parents,
fewer home owners, and more nonwhite children than the
Dutch and Spanish samples. The prevalence of severe annoy-
ance due to aircraft and road traffic noise in the Dutch and
Spanish samples was somewhat lower than in the British
sample. There were also differences between the samples in
terms of length of time at school and glazing �Table I�.

B. Construct validity

The PCA on interference, annoyance, and perceived
health yielded five components with eigenvalues greater than
1 �Table II�. The total percentage of variance explained by
these five components was 56%. The values of the Cron-
bach’s alphas indicate that the components have a high reli-
ability. Items referring to annoyance and interference from
aircraft noise annoyance �without distinction between home
and school situations� loaded highly on the first component,
whereas items regarding annoyance and interference from
road traffic noise at school loaded highly on the second com-
ponent. Items referring to interference at home from road
traffic noise loaded highly on the third component, and items
on self-reported health symptoms loaded highly on the fourth
component. Items loading highly on the fifth component re-
ferred to interference when playing outdoors at home, and
school due to aircraft and road traffic noise, and annoyance

from road traffic noise at home. The oblique rotation resulted
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in the similar grouping of variables as the Varimax rotation,
and the interpretation of the components did not change.

C. Aircraft noise exposure at school

Aircraft noise exposure at school was significantly re-
lated to severe annoyance ��2=52.7, df =2, p�0.0001�: in
schools in areas with higher aircraft noise exposure the pro-
portion severely annoyed children was significantly higher.
The percentage severely annoyed children was predicted to
increase from about 5% at 50 dB to about 12% at 60 dB
�Fig. 1�. The only potential confounder that had a significant
effect on annoyance was mother’s education ��2=6.8, df =1,
p=0.009�; children of mothers with a higher level of educa-
tion were more annoyed by aircraft noise at school; an odd
ratio �OR� of 2.24 �95%CI: 1.22–4.12� was estimated. Coun-
try did not have a significant effect on annoyance ��2=1.6,
df =2, p=0.457�. Although the proportion of severely an-
noyed children in the Dutch sample was higher compared to
the British and Spanish samples at aircraft noise levels
�LAeq,7–23 h� of 63 dB and higher, the change in the percent-
age severely annoyed per 1 dB increase in the noise did not
differ significantly between the three countries �test of het-
erogeneity: �2=8.9, df =4, p=0.064�.

D. Aircraft noise exposure at home

Aircraft noise exposure at home was significantly related
to severe annoyance ��2=50.5, df =2, p�0.0001�: the pro-
portion of severely annoyed children was higher in areas
with higher aircraft noise levels. The percentage severely
annoyed children was predicted to increase from about 7% at
50 dB to about 15% at 60 dB �Fig. 2�. Country did not have
a significant effect on annoyance. The only potential con-
founder that had a significant effect on annoyance was gen-
der: girls were less annoyed due to aircraft noise at home
than boys ��2=8.3, df =1, p=0.004� �OR=0.62 �95%CI:
0.45–0.86��. The difference in the effect size at different
noise levels for each country was statistically not significant
�test of heterogeneity: �2=5.9, df =4, p=0.209�. Comparison
between Figs. 1 and 2 indicates that the exposure-response
relationships for the home and school situations are similar.

E. Road traffic noise exposure at school

Road traffic noise exposure at school was significantly
related to severe annoyance from road traffic noise at school:
children attending schools with higher road traffic noise were
more annoyed ��2=7.4, df =1, p=0.007�. The percentage se-
verely annoyed children was predicted to increase from
about 4% at 50 dB to about 6% at 60 dB �see also Fig. 3�.
Potential confounders that had a significant effect on annoy-
ance were mother’s educational attainment ��2=16.6, df =1,
p�0.0001� �OR=5.04 �95%CI: 2.28–11.8��, school enrol-
ment ��2=8.4, df =3, p=0.040�, and school glazing ��2

=7.2, df =2, p=0.028�. There was no significant difference
in the change in the percentage severely annoyed per 1 dB
increase in the noise between the three countries �test of
heterogeneity: �2=0.70, df =2, p=0.704�. Comparison be-

tween Figs. 1 and 3 indicates that the exposure-response re-
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lationships for road traffic noise and aircraft noise differ
from each other: the relation with annoyance is much stron-
ger for aircraft noise.

F. Comparison of childrens’ and parents’ annoyance
reaction to aircraft noise

In Fig. 4 the exposure-response relationships for both
children and parents are presented for the exposure to aircraft

TABLE I. General characteristics of the children and
sample size; SD, standard deviation;%, percentage; L

Characteristic
U

�N=

No. of participating schools

Girls �%� 5
Mothers �%� 9

Mean age �SD�
Children 10.3
Parents 37.7

Socioeconomic status
Crowding in the home �%� 2
Parental home ownership �%� 5
Employed parents �%� 7
Mean mother’s education �SD�a 0.5
White British/Dutch/Spanish �%� 6

Length of time at school �%�
Less than 1 year 3
1–2 years 1
3–6 years 4
More than 6 years 3

Length of residence �%�
Less than 1 year 7
1–5 years 3
6–10 years 2
More than 10 years 3

Severe annoyance �%�
Aircraft noise at school, children 1
Aircraft noise at home, children 1
Road traffic noise at school, children 6
Aircraft noise at home, parents 1

Mean modeled noise exposure
�LAeq,7–23 h� levels �dB�A�� �range�b

Aircraft noise at school 53.0 �3
Aircraft noise at home 53.1 �3
Road traffic noise at school 50.6 �3

Insulation
School glazing �%�
Single 5
Mixed 9
Double 3
Triple
Double glazing at home �%� 8

aRanked index of standard qualification in every cou
bThe range runs from the minimum value to the max
noise at home. The percentage severely annoyed children
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was predicted to increase from about 7% at 50 dB to about
15% at 60 dB; the percentage severely annoyed parents was
predicted to increase from about 5% at 50 dB to about 17%
at 60 dB. There was a significant difference in exposure-
response gradient between the children and their parents
��2=18.7, df =2, p�0.0001�. At levels above 55 dB the per-
centage of severely annoyed children is lower than the per-
centage of severely annoyed parents, but below 45 dB the
percentage of severely annoyed children is slightly higher

parents included in the analysis. �Abbreviations: N,
–23 h, equivalent noise level from 7 to 23 h�.

The Netherlands
�N=612�

Spain
�N=553�

33 27

50.1 53.0
90.8 92.0

� 10.5 �0.6� 10.9 �0.4�
� 40.9 �4.1� 39.6 �5.0�

31.4 9.6
81.7 85.5
93.0 89.3

0.5 �0.3� 0.5 �0.3�
89.4 91.5

0.2 0.2
6.6 3.4

21.3 9.0
72.0 87.5

4.1 7.1
19.8 21.3
19.3 17.5
56.9 54.1

9.4 7.4
7.1 7.8
4.0 4.9
8.7 6.2

8.0� 54.2 �41.0–68.0� 46.1 �30.0–77.0�
2.8� 49.1 �34.5–64.5� 46.4 �31.9–72.8�
7.0� 49.3 �34.0–62.0� 54.1 �43.0–71.0�

44.3 71.3
– –

46.6 28.8
9.2 –
58.1 57.1

value.
their

Aeq ,7

K
863�

29

4.5
3.3

�0.3
�5.5

2.1
9.4
8.5
�0.3�
6.2

.5
0.4
9.7
6.5

.0
3.8
6.7
2.5

0.9
2.2
.5

1.6

4.0–6
3.9–7
7.0–6

1.9
.0

9.1
–
2.2

ntry.
imum
than the percentage of severely annoyed parents.
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IV. DISCUSSION

We found significant associations between aircraft and
road traffic noise exposure and annoyance among school
children living near three major European airports. This is
consistent with results of previous studies investigating chil-
dren’s reactions to aircraft and road traffic noise,13–18 which
demonstrated that annoyance was significantly higher among
children in high noise schools and areas compared with low
noise schools and areas.

A. Measurement of children’s annoyance

The results of the PCA show that children can make a
clear distinction between annoyance and perceived health as

TABLE II. Component loading matrix �N=2185� using Varimax rotation.
interpreting the data. N is the sample size.�

Item I

Annoyed road traffic at school
Annoyed aircraft at school 0.740

Annoyed road traffic at home
Annoyed aircraft at home 0.655

Road traffic interferes play outdoors at school
Road traffic interferes group work at school
Road traffic interferes own work at school
Traffic interferes listening to teacher at school

Aircraft interferes play outdoors at school 0.595
Aircraft interferes group work at school 0.702
Aircraft interferes own work at school 0.700
Aircraft interferes listening to teach at school 0.691

Road traffic interferes play outdoors at home
Road traffic interferes TV at home
Road traffic interferes talking at home
Road traffic interferes reading at home

Aircraft interferes play outdoors at home
Aircraft interferes TV at home �0.539�
Aircraft interferes talking at home 0.571
Aircraft interferes reading at home 0.565

Headaches
Vomiting
Stomachache
Difficult to sleep
Times awake
Sleepy in day

Component

I Disturbance and annoyan
II Disturbance and annoyan
III Interference from road tr
IV Health
V Interference playing outd
Total

aCronbach’s alpha �standardized�: function of the item intercorrelation an
component loading matrix.
measured by means of self-reported symptoms. As in
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adults,23,24 the correlation found between annoyance and in-
terference or disturbance of activities was high. This is con-
sistent with the findings of a survey among 207 children
�aged 13–14 years� investigating the effects of road traffic
noise.28 Our results are consistent with Haines and
Stansfeld29 investigating the effects of aircraft noise; they
found that severely annoyed children agreed more often that
“noise makes it hard to work” than children who were less
annoyed. However, aircraft noise annoyance at school was
not found to be associated with other aspects of classroom
interference.

Our data suggest that the children were able to distin-
guish between indoors and outdoors rather than between
school and home. This is clear from the grouping of items in

loadings �0.400 are shown. Loadings within “� �” were not used when

Component

II III IV V

0.410

0.665

0.740
0.701
0.635
0.685

0.564
0.575
�0.504�
�0.558�

0.610
0.620
0.579
0.590
0.641
0.573

terpretation Variance explained Alphaa

e to aircraft noise 32.471 0.89
e to road traffic noise at school 7.512 0.79

noise at home 6.220 0.77
5.225 0.67
4.843 0.69

56.272

number of items included in the scale based on the items given in the
�Only

0.617

0.692
0.736
0.699

In

ce du
ce du
affic

oors

d the
Table II, where the items “road traffic interferes play out-
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doors at school,” road traffic interferes play outdoors at
home,” and “aircraft interferes play outdoors at home”
loaded high in the same component. Also, there was a clear
distinction between annoyance from aircraft and road traffic
noise, but not between annoyance from aircraft noise at
school and at home. The latter result was not the case for
road traffic noise. The observed high correlation between
annoyance from aircraft noise at school and at home is con-
sistent with the distribution of aircraft noise exposure levels:
aircraft noise levels at school and at home were also highly
correlated in each of the countries �r�0.85–0.93�.30 Since
primary schools are usually located in the residential area of
the child, we expect a great similarity in exposure levels
between the school and home situations. Children aged
9–12 years appear to be able to discriminate their annoyance
responses to road and aircraft noise sources and are consis-
tent in their annoyance responses to aircraft noise across con-
texts such as school and home. Our results also indicate that
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FIG. 1. The country-specific percentage severely annoyed children by 5 dB
bands of aircraft noise �LAeq,7–23 h� at school and the relationship between
aircraft noise at school and the percentage of children severely annoyed
derived after pooling the data and adjustment for confounders. The vertical
lines correspond to the 95% confidence interval.
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derived after pooling the data and adjustment for confounders. The vertical
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children clearly distinguish between sources of noise as well
as between annoyance and other indicators of well-being.

B. Annoyance reactions to aircraft and road traffic
noise

After pooling the data, noise exposure levels of both
aircraft and road traffic were significantly related to the per-
centage of severely annoyed children. No significant differ-
ences were found in the fraction severely annoyed at differ-
ent exposure levels between countries. This is different from
the variability earlier observed in a review evaluating studies
that investigated adults’ noise annoyance reactions.31

Another finding of our study was that the association
with annoyance in children is stronger for aircraft than for
road traffic noise, similar to adults. First, it is likely that
aircraft noise has a greater effect on children’s annoyance
reactions than road traffic noise amongst others because of
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its intensity, its variability, and unpredictability in compari-
son with road traffic noise.1,32 Second, exposure misclassifi-
cation may also have occurred because classrooms were at
varying distance from the façade of the school building.30 A
third possible explanation is that the combined exposure to
aircraft noise and road traffic noise might have affected chil-
dren’s annoyance response: children in high aircraft noise
areas might report more annoyance from aircraft noise in
high road traffic noise areas than children in low road traffic
noise areas and vice versa. Fourth, differences in school sys-
tems and teachers’ attitudes and/or responses toward noise
might have differential effects on the children’s reactions to
noise sources at school. There might be differences in fre-
quency and type of insulation of both schools and homes,
which could result in different annoyance reactions, even
though both design and analysis accounted for the influence
of insulation. Finally, with the current available methods and
data it is more dubious to predict road traffic noise exposure
accurately. Different countries use different methods for the
CRTN exposure. Previous comparisons of different national
calculation methods for certain road traffic situations re-
vealed that differences up to 15 dB may exist.33 However,
since the exposure-response functions for annoyance did not
differ much between countries, this seems to indicate that the
different methods for assessing the exposure were robust
enough in the RANCH study. Unfortunately, most of these
possible explanations cannot be further investigated with the
RANCH data.

C. Annoyance reactions of children and parents

In general, the exposure-response relationships of chil-
dren and their parents display a comparable trend in spite of
some significant differences: children have lower response
frequencies of severely annoyed than their parents at higher
noise levels. This is consistent with earlier findings from the
Tyrol Mountains study18 which investigated the relationship
between road and rail traffic noise and annoyance in children
and their parents.

Possible explanations for the difference between chil-
dren and adults’ annoyance response to noise could be
sought in nonacoustical factors34 such as noise sensitivity,
attitudes toward the noise source, perceived control, expec-
tations, and coping behavior. Boman and Enmarker35 ob-
served that teachers were more annoyed due to road traffic
noise than children and perceived the noise of road traffic
noise to be more unpredictable than their pupils. In addition,
the teachers described themselves as more sensitive to noise
than the children. Conversely, teachers perceived more per-
sonal control over the noise than did the children. Unfortu-
nately, the RANCH data do not enable us to analyze the
influence of such nonacoustical factors.

The observation that children have significantly lower
responses than their parents at higher noise levels could also
mean that children are more sensitive at lower noise levels
and that children’s annoyance at higher noise levels is less
influenced by nonacoustical factors than the annoyance of
adults. To what extent this is the case for children cannot be

determined based on the RANCH data.
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D. Strengths and limitations

This study represents an improvement on previous
studies12–19 due to its large sample size both in the number of
participants and number of schools. Despite the heterogene-
ity of the countries, results for noise and annoyance were
rather similar across the three countries; i.e., we noted cross-
cultural replication of the findings. A further strength of this
study is the comprehensive inclusion of potential confound-
ers and determinants. The hierarchical structure of the data
�children within schools� has been taken into account, which
was not the case in analyses of previous studies. The partici-
pants were distributed over a broad exposure range, and a
continuous noise exposure measure was used, adding to the
statistical power of the study. Most studies investigating the
impact of noise exposure have involved between-group com-
parisons �high versus low�: results of these studies may be
sensitive to decisions about cutoff points used to categorize
continuous exposure variables and the method used to assign
scores to exposure categories.36

As already indicated the estimation of exposure to road
traffic noise remains problematic: during their time at school,
road traffic noise exposure changes as children move to a
different classroom each year. Thus, the road traffic noise
levels at the façade of their current classroom might not re-
flect the average level of exposure during their time at
school.

E. Implications

The WHO guidelines for noise suggest that children are
more sensitive to noise than adults because they are exposed
to noise during critical developmental periods.1 Children
may also have fewer possibilities for controlling noise or
have a less developed coping repertoire than adults.5 How-
ever, we found that the exposure-response relationships for
children were broadly comparable to those for their parents;
if anything, the frequencies of severe annoyance at high ex-
posures were lower among the children. Furthermore, annoy-
ance is not the only indicator of the impact on children’s
health and well-being due to community noise. As demon-
strated in the different publications of the RANCH study,
cognitive,25,30 behavioral,37 and physiological measures38–40

are necessary to fully describe the impact of environmental
noise on children. For annoyance, the WHO guidelines rec-
ommend a LAeq of 55 dB for noise from external sources
outdoors at school during play and for noise outdoors in the
living area.1 Our results �Figs. 1 and 2� indicate that some
children were already severely annoyed due to aircraft noise
at home and at school at lower levels �LAeq,7–23.outdoors

45 dB�, which suggests that the WHO community guideline
values should be lowered to protect these children.

V. CONCLUSIONS

Children’s annoyance can be reliably measured within a
questionnaire. Exposure-response relationships were demon-
strated between aircraft and road traffic noise exposure and

severe annoyance among primary school children. Although
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children were less annoyed at levels above 55 dB, these re-
lationships were broadly comparable to those among their
parents.
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