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Predicting the Effects of Noise Exposure on Activity Disturbance

*Jin-Yong Jeon

Abstract

The aims of this study were to investigate the covariation between the extent of activity disturbances and general annoy
ance, and to study the relation between the extent of annoyance reactions and noise sensitivity. This paper presents a de
scription of a model developed by taking into account self-rated noise sensitivity and noise rating (i.e., annoyance) for road 
traffic. The results indicate that there are large variations in noise sensitivity which is independent on the level of noise. It is 
also found that the extent of all activity disturbances decreased with decreased general annoyance. The paper suggests a 
normative approach to predicting individual's reaction to noise exposure, based on a periodically observed relationship be
tween the prevalence of activity disturbance and annoyance. The model also predicts a road traffic-noise adaptation level 
for each individual.

I. Introduction

Individual reactions caused by noise disturbance are in
fluenced by susceptibility, personality traits and attitudes, 
but are furthermore dependent on interference with daily 
life activities. These may be referred to as specific noise 
effects, and they appear directly in connection with the ac
tual noise exposure. For these specific effects, the general 
annoyance caused by noise may be seen as a composite 
reaction, built up after some time of exposure.

Through a number of models of individual annoyance, 
it has been found that non-noise (non-stimulus) factors, 
especially sensitivity to noise, had a stronger effect on an
noyance than did the noise factor itself [1*2]. The large 
amount of variance in individual annoyances which has 
been unexplained so far could lead to a number of hy
potheses about personal and other attitudinal factors 
which might be associated with individual noise annoy
ance responses.

Many traffic noise studies have been undertaken in 
which noise level have been related to residents' annoy
ance with the object of establishing community reactions. 
The studies depend upon specifying what is tolerable to 
the majority of the population, but people's disturbance 
patterns, derived from individual response to noise, have 
not been established. The aims of the present analysis were 
to longitudinally study the covariation between annoy-
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ance and disturbances reported by respondents who were 
exposed to different levels of noise, and to compare dif
ferent noise situations with reference to the specific distur
bances caused.

II. Background

A. Individ니기 Response to Noise
In most field studies performed on effects of transpor

tation noise on man, the effects are expressed in terms of 
*annoyance\ The concept of annoyance is in itself a sub
jective meas냐re, and hence is characterized by large indi
vidual differences. The standard definition of noise as un
wanted sound also indicates that there is a subjective com
ponent in the evaluation of the degree of the 'unwanted- 
ness' of the sound.

Individual dissatisfaction scores correlate poorly with 
physical measures [3], because of wide individual differen
ces in susceptibility and experience of noise, as well as in 
patterns of living likely to be disturbed by noise. Although 
there are many factors in addition to the noise measures 
which atTect subjective annoyance to traffic noise, attitude 
surveys have shown that the correlation between individ
ual annoyance and noise level is relatively insensitive to 
noise measures [41. Edwards [5] indicated that it is not 
noise measurements and noise indices that cause the poor 
correlation, but measures of human response. It has been 
found that there are considerable differences between people 
in how they react to the same level of noise [6]. Therefore, 
it is necessary to pay special attention lo individual dif
ferences when selecting noise criteria for residential areas.
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B. Sensitivity, Annoyance and Disturbance
Noise level is known to correlate with annoyance. Ho

wever, reactions (also termed as ^disturbance') to changes 
in noise environments have been different. Langdon and 
Griffiths [기 found that reductions in noise results in 
changes in annoyance, whereas Fidell and Jones [8) re
ported no change in residents' reactions after a severe re
duction in night-time aircraft noise levels. In most studies 
of the effects of noise on communities, measures of noise ex
posure incorporate corrections for certain time operations.

Fields [2] found that noise annoyance is not strongly 
affected by demographic variables, but is related to the at
titudinal variables. The acoustical factors affecti ng annoy
ance are；numbers of individual noise events [9], day/night- 
time noise levels [8, 10-13], residential noise environments 
(ambient noise) [3, 14-16], and changes in noise environ
ments [7-8]. Sensitivity to noise (or noise annoyance sus
ceptibility) does not appear to depend upon personal fa
ctors such as age, sex, education, job responsibility [6], 
length of residence [13] and type of housing [12].

Annoyance is generally higher for people who are fear
ful that some danger to themselves or other people in the 
local area may be associated with the transportation ac
tivities which they can hear. The attitude of "fearfulness' 
has proved to be important for road traffic noise as well 
as aircraft and railway noise. Things disliked about the 
area, from neighbourhood evaluation to evaluations of 
the quality of the public services, are related annoyance 
[17]. The people who believe that their health is affected 
by noise from the particular source are also likely to be 
annoyed by the source |18|.

C. Adaptation (Habituation)
'Adaptation' (or *Habituation,) is another matter to be 

reviewed in relation to any sort of annoyance surveys to 
road traffic noise. How the annoyance of an individual 
changes with time (adaptation) is also important and is 
one of the main objects of the present work.

Since almost all noise research has used a cross-sec
tional survey design, most conclusions about the survey 
results have been lacking sufficient evidence for adap- 
tation/non-adaptation. Longitudinal studies are needed to 
provide a more realistic model of noise reactions and ad
aptation. Some available noise researches have provided 
little evidence that people adapt to road traffic noise in 
residential settings [e.g., 19-20]. Surveys have found that 
longtime neighbourhood residents are at least as bothered 
by noise as more recent arrivals ； longitudinal studies find 
more disturbance at the end of the study period than at 

the beginning [21-221，

It has been reported that total habituation in sleeping 
against noise does not occur after years of exposure 
[23-27], However, it could be possible that the studies 
misled and 나people do adapt to noise. After a while, 
they might pay less attention to the noise and fall a이eep 
more quickly, but their survey responses might continue 

to reflect their original feelings about the noise rather than 
their current reactions. If the method of habituation me
asurements is changed to a continuous judgement method, 
the duration of “no responsew to noise can be an index of 
habituation |28|. Some low-anxiety residents always adapt 
to a certain level of noise [1 이, whereas high-anxiety re
sidents do not [29]. Furthermore, acoustical parameters 
such as regularity of the noise, which characterizes noise, 
may also contribute to a more rapid habituation than is 
the case for fluct나ating noise, represented by road traffic.

Aircraft noise surveys show rather favourable opinions 
on residents' adaptation to noise ： although there is varia
bility of annoyance response due to aircraft noise, models 
|e.g., 30] of aircraft noise adaptation with limits have ex
isted. Attitude-personality variables were found to account 
for varying annoyance judgements and an adaptation 
level could be represented for each individual [30], Demp
sey and Cawthorn [31] found that the use of an aircraft
noise adaptation level (human tolerances, noise threshold) 
improved prediction accuracy of annoyance responses 
and simultaneously reduced response variation. Vallet el 
al. [32] found an adaptation to the noise in habituated 
sleepers when they investigated the quality of sleep of 
persons living near a French airport.

The usual procedure of most noise adaptation studies 
has been to investigate exposed population groups on the 
assumption that they constitute a Mgeneral population**. 
Such an assumption is not automatically correct in view 
of the fact that the population studied has been exposed 
over a lengthy period and has presumably developed clear 
norms, evaluations and attitudes in relation to the source 
of annoyance [기｝. The differences within the population 
are the movements into and out of the area, and the 
possibility of habituation to the exposure. Habituation 
can be studied by investigating a population after the 
start of exposure to a noise source and on one or more 
later occasions. If no reduction in the intensity and inci
dence of the reactions has occurred, this indicates that no 
habituation has taken place. If, on the other hand, a re
duction of the reactions is found, this may be because an 
actual habituation has occurred or because the individuals' 
acceptability level has changed.
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ID. Study methods

There are three aspects of studies of the response of pe
ople to traffic noise. They are ： (1) the study of subjective 
annoyance to traffic noise as a function of trafTic noise 
measures as well as other non-noise parameters, (2) the 
study of interference with various activities and possible 
forms of health impairment, and (3) an evaluation of the 
merits of various noise measures as predictors of adverse 
responses [121. These aspects can be termed annoyance, 
disturbances, and noise measures. A large number of 
noise surveys have been reported in the areas. As Fields 
and Hall |18| mentioned in the literature, low-investment 

research programmes may not provide any more useful 
information about the dose-response relationship than is 
available in existing research publications and so the in
itial part of the present study has been to evaluate pre

vious studies.

A. Assessing annoyance to noise

Even though actual noise-related effects are experienced, 
the degree of subjective annoyance is likely to be deter
mined by the type of noise environment causing the ef
fects. Factors such as capacity to influence and avoid the 
noise exposure, experience of the noise so니rce in terms of 
usef니Iness and necessity, and experienced fear in connec
tion with the noise source have been considered to be of 
importance in analyses of annoyance reactions. Although 
taking responses of 'complaints' (reactions to noise) from 
subjects is one way of assessing annoyance to noise, que
stions related to 'com미ainls’ were not likely to be separ

ately treated.
The answers given in the so-far noise surveys probably 

reflect a mixture in behavioral interruptions or emotional 
reactions. Even if investigators deliberately formulate que
stions in attempts to separate these components of dissat
isfaction, respondents may be unable to make the discri
minations requested. Therefore, a clear conception of the 
kinds of noise reactions that can occur should help to de
velop more precise models of the noise response process. 
Although Cohen and Weinstein |33] mentioned that noise 
research should require less reliance on self-report meas
ures, no direct observations of the physiological, behav
ioral, and interpersonal consequences of noise exposure 
are realistic and reliable. Self-reported noise appraisal is 
the only possible measure of the impact of noise on in

dividuals.

The main problem faced in choosing a sam미e for sur
veys is normally one of eliminating as much bias as poss
ible. As the survey variables are interrelated and it is dif- 
Gcult to provide strong evidence for the nature of the 
caisal relationships between variables, caution must be 
exercised in making survey plans and findings about sen
sitivity and disturbances:

(1) lf the sensitivity is co「r이ated with noise level then 
part of the relationship of the sensitivity with noise an
noyance may be caused by the noise level effect.

(2) The sensitivity variable must be investigated with a 
q니eslion which is 이early distinct from a noise rating or 
disturbance question.

(3) Some of the high correlation between annoyance and 
these disturbances should be discounted because both are 
measured at the same time in a single questionnaire under 
similar conditions and thus may be subjected to such cor
related errors in measurement as 'response set' (the tend
ency for people to give answers that follow the form ra
ther the content of the question).

(4) Also of concern is that the position of the distur
bances' section may suggest that the medical symptoms 
are attributable to road traffic noise.

(5) In order to predict an individual's annoyance to a 
particular noise it is necessary to know not only the level 
of the noise but also his/her personality [6]. Certain per
sonality traits are responsible for differences in noise an
noyance sensitivity.

(6) Models for biases in judging sensory magnitudes 
should be eliminated.

C. Hypotheses
It seems that there are three reasons for variations in 

annoyance caused by noise: differences in situations of 
the noise source, differences in situation-specific attitudes 
(nonauditory effects of noise) and personality differences 
(sensitivity). Individuals' responses to the same noise vary 
considerably even though the averages of these responses 
arc systematically related to noise level. In addition to the 
actual noise exposure, the development of annoyance is 
dependent on such factors as sensitivity, personality and 
attitudes. Therefore the hypotheses of this study are：(l) 
There are individual differences in sensitivity to road traf
fic noise. (2) People s reaction to noise varies in incidence, 
(3) Noise sensitivity, noise rating and disturbances are 
three major factors which will contribute to an individ- 
ual s rating of noise annoyance in a given situation.

B. Selection of survey criteria
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D. Outline of survey

The surveys dealing with residents* attitudes and opin
ions consist of； (1) various sorts of disturbance which 
might be expected to result from noise, (2) a scale of dis
satisfaction with the acoustic environment, (3) a study of 
nuisance caused by noise from motorways (room usage, 
sleep disturbance, preferred siting of the house in relation 
to the road, and seasonal or meteorological effects on the 
perceived noisiness of traffic), (4) sources of noise nuis
ance, (5) a scale of susceptibility to noise nuisance, (6) 
demographic characteristics.

The present questionnaire delivered to the respondents 
was originally aimed at discovering the attitude of the po
pulation to housing and housing areas. The questions 
using a Likert-style format developed by Weinstein [22] 
were modified to assess self-reported sensitivity to noise. 
The questionnaire commenced with questions concerning 
the following；(1) Housing conditions, (2) Respondents1 
backgrounds including the spending hours a day at home, 
(3) Questions concerning the attitude to road traffic noise 
:Part A-Noise Sensitivity ； Part B-Annoyance ； Part C-Dis- 
turbance. Most items were presented on a 6-point scale 
ranging from * agree 이Ton 이 y‘ to disagree str이ig!y'.

This investigation was to have a repeated measures de
sign. The survey was presented to four respondents (three 
male and a female in their 30's and 40's) at intervals of 
3-4 months for period of one year. It was a satisfaction 

survey aimed at discovering the attitude to the respon
dents' noise environments. Respondents were asked to in
dicate whether or not they were annoyed and, if so, to 
whal degree they were annoyed. In addition to attempting 
to find the degree of general annoyance, questions were 
also asked on noise-related interference with such activi
ties as listening to radio/TV, conversation, rest and relax

ation and sleep.

IV. Results

Subjective responses were periodically obtained, giving 
attention to noise sensitivity, annoyance (dissatisfaction 
or noise rating), and disturbance as previously indicated. 
Fig. 1 shows the variation of individual annoyance. As 
shown in Fig. 1, the individual sensitivities to road traffic 
noise were almost invariable, whereas noise rating (an
noyance) and reaction (disturbance) varied with survey 
time. The respondents are all noise-sensitive (normally 
more than 0.5).

CF-1 CF-2 CF2-1 CF2-2

(a)

Table 1. Development of medical symptom for the period (Percentage of time or incidence, %)

Medical Subject CF Subject PG Subject DJ Subject NJ

symptom 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Tiredness 0 0 0 0 0 0 0 0 0 0 20 20 40 20 20 40

Headache 60 0 0 0 0 0 0 0 0 0 40 0 20 20 20 40

Nervousness 0 0 0 0 0 0 0 0 60 40 40 60 20 20 20 40

Tension 0 0 0 0 0 0 0 0 20 20 60 60 20 40 20 40

Irritability 60 40 0 0 0 0 0 0 60 20 60 20 20 40 20 60
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(d)

Figure 1. The【elation between the individ니a! indices of four sub
jects for sensitivity ( 一・一)，annoyance (一・一)and 
disturbance (-▲-), obtained from repeated meas니res 
;(a) Subject CF. (b) Subject PG, (c) Subject DJ, and 
(d) Subject NJ.

Medical symptoms were reported by the respondents 
when their disl나「bance index (DI) is above 0.30. As shown 
in Table 1, subject CF reported headache and irritability 
(DI =0.33) at first. 니cadachc discontinued in the second 
survey (DI —0.19). After thal, CH moved to a quieter 
place, where his DI decreases to nil, as shown in Eig. I (a). 
His irritability also discontinued (see Ta이c 】). Subject PG 
had lived in a quiet street for a long time, but showed 
high sensitivity. As shown in Fig. 1(b), PG's average an
noyance rating and disturbance index are about 0.30 and 
0.04, respectively. Subject DJ continuously reported ner
vousness, tension and irritability (the lowest DI = 0.33). 
As shown in Fig. 1 (c). the third DI is exceptionally high. 
The third survey was the occasion when he spent more 
time at home for his writing and was severely affected by 
road traffic noise. As shown in Fig. 1(d) and Tabic 1. 
subject NJ reported most of 나］e medical symptoms and 
provided variations in her disturbance.

A relation between annoyance and disturbance was 
found. The respondents1 annoyance and disturbance indi
ces are all plotted in Fig. 2. It is found that there is a 
breakpoint of 0.45 in annoyance rating. Up to this point, 
the responses to noise were not reported although annoy
ance increased. The responses to noise (disturbance pat
terns) seem apparent after this point. This could be a 
'threshold of annoyance' for responding to road traffic 
noise in this noise model.
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Figure 2. The relation between annoyance and disturbance in the 
present model.

V. Discussion and conclusions

As the actual noise levels (Le이 24 hours) are not likely 
to vary significantly throughout the present survey, it can 
be concluded that noise level is not the only variable that 
can be 니sed to control annoyance levels over long periods 

of time. There is individual variability in the measured 
reactions at any one noise level d나e to acoustical, situat
ional, attitudinal and personal factors. The results suggest 
that adaptation does not occur over the period studied on 
the subjects. However, if there exists adaptation to noise, 
the disturbance index (0.3) can be proposed as a reference 
to the individual degree of adaptation to a new noise en
vironment.

From the results of this study, it is found that the indi
vidual sensitivity to road traffic noise remains unchanged. 
Sensitivity to noise is not associated with decreased en
vironmental noise level. The results obtained may be de
pendent upon differences in respondents' attitudes towards 
the various noise situations. No significant relationship 
between sensitivity and annoyance was observed. People's 
annoyance ca니sed by noise is not affected by their noise 
sensitivity but by the noise measure itself, (i.e., 'annoy- 
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ance' or 'noise rating'). However, there is a relationship 
between annoyance and disturbance. It is confirmed that 
a more direct approach to the noise problem is to mea
sure disturbance rather than annoyance [4].

There is a suggestion for a way forward in the future: 
As the relationship between sensitivity, annoyance and 
disturbance is unique for each individual, neural network 
analysis would be a useful method of implementing the 
aim of the this study, i.e., predicting individual disturb- 
ance in a noise environment. In order to carry out a 
neural network analysis the adaptive learning procedure 
has to be set up through 나ic 아laracteristics of input data 
(sensitivity, annoyance and disturbance), which make a 
network model undertake the process of calculation. In
put data will be later obtained from the correlation be
tween self-rated noise, field measurements and laboratory 
annoyance tests. Then the correlation between these 
values will be used for training the neural network. Lab
oratory tests should be added to investigate whether the 
magnitude and direction of change of annoyance with 
traffic noise exposure correspond closely to the actual 
changes in physical exposure. Estimates should be made 
of time constants for the rate of change of attitudes to
ward traffic noise. Consequently, weighting all activity in
terferences into an index and applying this universally for 
road traffic noise will decrease the precision of 나le re
sponse description and hence influence the accuracy of 
the dose-response relationship.

* Disturbance' is what needs to be determined ami it can 
be obtained directly from Leq, annoyance and sensitivity. 
The use of individual adaptation levels and personality 
types may improve prediction accuracy of disturbance in
dex. People's disturbance rates to traffic noise can be pre
dicted from their noise sensitivity and noise evaluation. It 
should be further reviewed how intensity, duration and 
frequency composition of noise affects the auditory, an
noyance, sleep and speech interference, psychological and 
soci이ogical responses in man,
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