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Predicting the Effects of Noise Exposure on Activity Disturbance

*Jin-Yong Jeon

Abstract

The aims of this study were to investigatc the covariation between the extent of activity disturbances and general annoy-

ance, and 1o sludy the relation between the exlent of annoyance reactions and noise sensitivity. This paper presents a de-

scription of 4 model developed by taking inlo account sell-rated noise sensitivity and noise rating (i.., annoyance) for road

traffic. The results indicate that there are large variations in noise sensitivity which is independent on Lhe level of noise. [1 is

also found thal the extent of all activity disturbances decreased with decreascd gencral annoyance. The paper suggests a

normative approach to predicting individual's reaction to noisc exposure, based on a periodically observed relationship be-
tween the prevalence of activity disturbance and annoyance. The model also predicts a road traffic-noise adaplation level

for each individual.

1. Introduction

Individual reactions causcd by noise disturbance are in-
fluenced by susceptibility, personality traits and atlitudes,
but are furthermore dependent on interference with daily
life aclivities. These may he referred to as specific noise
effects, and they appear directly in connection with the ac-
(al noise exposurc. For these specific effects, the gencral
annoyance caused by noise may be scen as a composile
reaction, built up afier some time of exposurec.

Through a numbcr of models of ndividual annoyance,
it has been found that non-noise {non-stimulus) factors,
especially sensitivily 1o noisc, had a stronger effect on an-
noyarce than did the noise factor itself (1-2). The large
amoun! of variance in individuat annoyances which has
been unexplained so far could lead 10 a number of hy-
potheses about personal and other attitudinal faclors
which might bc associated with individual notse annoy-
ance responses.

Many traffic noise studics have been undertaken in
which noise level have been related to residents’ annoy-
ance with the abject of establishing community reactions.
The studies depend upon specifying what is tolerable 1o
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 belween annoy-
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ance and disturbances reported by respondents wito were
cxposed to different levels of noise, and to comparc dif-
ferent noisc situations with relerence Lo the specific distur-

bances causcd.
Il . Background

A. Individual Response to Noise

In mosl field studics performed on effects of transpor-
tation noise on man, the effects arc expressed in terms of
‘annoyance’. The concept of annoyance is in itself a sub-
jeclive measure, 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 (he ‘unwanted-
ness’ of the sound.

Individual dissatisfaction scores correlate poorly with
physical measures {31, because of wide individual differen-
ces in susceptibility and experience of noise, as well as in
patterns of living likely to bhe disturbed by noise. Atthough
there are many fuctors in addition 1o the noise measurcs
which atTfect subjective annoyance to traffic noise, atlitude
surveys have shown that the correlation between individ-
ual annoyance and noise level is relatively inscnsitive to
noise measures [4]. Edwards [S] indicated that it is notl
noise measurcments and noisc indices that cause the poor
corrckation, hut measures of human response. It has been
found that there are considerable dilferences between people
in how they react to the same level of noise [6]. Therefore,
it is necessary to pay special atlention to individual dif-

ferences when sclecting noisc criteria for residential areas.
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B. Sensitivity, Annoyance and Disturbance

Noise level is known Lo correlate with annoyance. Ho-
wever, teactions (also termed as ‘disturbance’) 10 changes
in noisc environments have been different. Langdon and
Grifliths (7} found that reduclions in noise results in
changes in annoyance, whereas Fidell and Jones 8] re-
ported no change in residents’ reactions after a scvere re-
duction in night-time aircraft noise levels. In most studies
of the effocls of noise on communities, mcasurcs of noise ex-
posure incorporate corrections for certain tlime operations.

Fields [2} found that noisc annoyance is not strongly
alfected by demographic variables, but is related to the at-
titudinal variables. The acoustical faclors affecting annoy-
ance are;numbers of individual noise cvents [9], day/night-
time noise levels (8, 10-13), residential noisc enyironments
(ambient noise} [3, 14-16], and changes in noise environ-
ments [7-8). Sensitivily to noise {or noise annovance sus-
ceptibility) does not appear 1o depend upon personal la-
ctors such as age, sex, education, job respons:bility [6].
length of residence [13) and (ype of housing [12]).

Annoyance is gencrally higher {or people who are fear-
ful that some danger to themselves or other people in the
local area may be associaled with the transportation ac-
tivities which they can hear. The attitude of ‘fearfulness’
has proved to be important for read 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 scrvices, are related annoyance
[17]. The pcople 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 maiter to be
reviewed in relation to any sort of annoyance surveys (o
road traffic noisc. How the annoyance of an individual
changes with timc (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 aboul 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 traific noise in
residential settings [e.g., 19-20]. Surveys have found that
longtime neighbourhood residents are at least as bothered
by noisc as more recent arrivals : longitudinal studies find

more disturbance at the end of the study perniod than at

the beginning [21-22].

It has been reported that lotal habituation in sleeping
against noise does not occur afler vears of exposure
[23-27). However, it could be possible that the studies
misied and that pcople do adupt 1o noise. After a while,
they might pay less aftention to the noisc and fall asleep
more guickly, bul their survey responses mighl comtinue
to reflect their original feelings about the noise rather than
their current reactions. If the method of habituation me-
asurements is changed 1o a continuous judgement method,
the duration of “no responst” to noise can be an tndex ol
habituation [28). Some low-anxiely residents always adapl
to a cerlain level of noise 19|, whereas high-anxiety re-
sidents do not [29]. Furthcrmore, acaustical parameters
such as regularity of the noise, which characlerizes noisc,
may also contribute o a more rapid habituation than is
the case for Muctuating noise, represented by road traffic.

Aircraft noise surveys show rather favourable opinions
on residenls’ adaplation Lo noise :although Lhere is varia-
bility of annoyance response due to aircraft noise, models
le.g.. 301 of aircraft aoisc adaptation with limits have ex-
isted. Attitude-personality variables were [ound 1o account
for varying annoyance judgements and an adaptation
level could he represented for each individuwal [30], Demp-
sey and Cawthorn [31] found Ihal the use of an aircraft-
noise adaptation level (human tolerances, naisc threshold)
improved prediction accuracy of annoyance responscs
and simultancously reduced response variation. Vallet et
al. (32} found an adaplation to the noise in habituated
sleepers when they investigated the quality of slcep of
persons living near a French airport.

The usual procedure of most noise adaptation studics
has becp to investigate cxposed population groups on the
assumption that they constitute a “general population”.
Such an assumption is not avlomatically correct in view
of the facl that the population sludicd has been cxposed
over a lenglhy period and has presumably developed clear
norms, cvalvations and atlitudes in relation to the source
of annoyance [21]. The differences within (he population
arc the movements into and out of the area, and Lhe
possibility of habituation to the exposure. Mabilyation
can be studied by investigating a population after the
starl of exposure 10 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, oi the other hand, 4 re-
duction of the rcactions is found, 1his may be because an
actual habituation has occurred or because the individoals®

acceplability level has changed.
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ll. Study methods

There are three aspects ol studies of the response of pe-
ople Lo traffic noisc. They arc: (1) the study of subjeclive
annoyance Lo traffic noise as a lunction of traffic noise
measures as well as other non-noise parameters, (2) the
study of interference with various aclivitics and possible
torms of health impairmenl, and (3) an cvaluation ol the
merils of various noise measures as prediclors of adverse
responses [12). These aspecls can be termed annoyance,
disturbances, and noise measures, A large number of
noisc surveys have been reported in the areas. As Fields
and Hall [18] mentioned in the lilerature, Tow-ivestment
rescarch programmes may nol provide any more useful
information aboul the dose-response relationship than is
available in exisling rescarch publications and so the in-
itial parl of the present sludy has been (o cvaluate pre-

vious studics.

A, Assessing annoyance to noise

Even though actual noise-related effecls arc expericnced,
the depree of subjeclive annoyance s likely to be dcter-
mined by ¢ type of noise environmenl causing the ef-
fects. Factors such as capacity to influence and avoid the
noise cxposure, experience of the noise source in terms of
usefutness and necessily, and experienced lear (n connec-
tion with the noisc source have been considered 1o be of
importance in analyses of annoyance reaciions. Although
taking responses of ‘complaints’ {reactions 10 noise) from
subjects is one way of asscssing annoyance lo noise, que-
stions related o ‘complaints’ were nol likely to be separ-
ately trealed.

The answers given in the so-far noise surveys probably
reflect a mix(ure in behavioral interruptions or emotional
reactions. Even if investigalors deliberately formulate que-
stions in atlempts to scparate these components of dissal-
isfaction, respondents may be unable lo make the discn-
minations requested. Therclore, a clear conceplion of the
kinds of noise reactions that can occur should help 1o de-
velop more precise models of Lhe 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 inlerpersonal consequences of noise exposure
are realistic and rchable. Sell-reported noise appraisal is
the only possiblc measure of the impact ol nois¢ on in-

dividuals.

B. Selection of survey criteria
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The main problem laced in choosing a sample for sur-
veys 15 normally one of climinating as much bias as poss-
ible. As the survey variables are interrelated and it is dif-
ficull to provide strong evidence for the nature of the
causal relationships between variables, caution must be
exercised in making survey plans and findings about sen-

stiivily and disturbances:

(1}11 he sensilivily is correlated with noise level then
part of the relationship of the sensitivity with noise an-
noyance may be caused by the noise level effect.

(2YThe sensttivity variable must be investigated with a
question which is cleasly distinct from a noise rating or
disturbance question.

(3}Some of the high corretalion between annoyance and
these dislurbances should be discounted because both are
measured al the same (ime in a single questionnaire vnder
similar conditions and thus may be subjecled (o such cor-
related errors in measurement as ‘tesponsce set’ (the lead-
ency for people o give answers that follow the form ru-
lher the conlent of the question).

(4)Also of concern is that the posilion ol the ‘distur-
bances' scelion may suggesl that the medical symptoms
are aliributabie 1o road traffic noise.

(5)1n order to predict an individval's annoyance o a
particular noisc il is necessary 10 know not only the level
of the noisc hut also his/her personality [6]). Certain per-
sonality (raits are responsible for diflerences in noise an-
noyance sensitivily.

(6)Models for biases in judging sensory magniludes

should be ¢climinated.

C. Hypotheses

It seems that here are three reasons for variations in
annoyance caused by noise:diffesences in situations of
the noise source, dillerences in situation-specific atlitudes
{nonauditory ellects of noise) and personality differences
(sensilevity). Individuals’ responscs to the same noise vary
considerably even though the averages of these responses
are sysiematically relaled to noisc level. In addilion Lo the
actual noisc cxposure, the development of annoyance is
dependent on such factors as sensitivity, personalily and
aititudes. Therefore Lhe hypotheses ol this study are:{1)
There are individual differences in sensitivity 1o road traf-
fic naise. (2) People’s reaction to noise varies in incidence.
{3) Noise sensitivity, noise raling and disturbances are
three major faclors which will contribute 10 an individ-

ual's rating of noise annoyance in a given siluation.
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D. Outline of survey

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

The present questionnaire delivered to the rcspondents
was onginally aimed at discovering the attitude of the po-
pulation to housing and housing areas. The qucstions
using a Likert-style format developed by Weinsicin |22]
were modified to assess sclf-reported sensitivity to noise.
The questionnaire commenced with questions concerning
the following;(1) Housing conditions, {2) Respondents’
backgrounds including the spending hours a day at home,
(3) Questions concerming the attitude to road traftic noise
:Parl A-Noise Sensitivity: Part B-Annoyance; Parl C-Dis-
turbance. Most ilems were presenied on a 6-poinl scale
ranging from ‘agree sirongly’ to ‘disagree strongly’.

This investigation was lo have a repeated measures de-
sign. The survey was presented (o four respondents (Lhree
male and a female in their 30s and 40’s) at intervals of
3-4 months for period of onc year. It was a satisfaction
survey aimed at discovenng the attilude to Lhe respon-
dents' noise environments. Respondents were asked to in-
dicale whether or not they were annoyed and, il so, to
what degree they were annoyed. 1n addition 10 altempting
to find the degrce of general annoyance, queslions were
also asked on noise-related inierference with such activi-
ties as listening to radio/TV, conversation, rest and relax-

ation and sleep.

61

Subjeclive responses were perodicalty obtained, giving
attention 1o noise sensitivity, annoyance (dissatisfaction
or noisc rating), and disturbance as previously indicated.
Fig. | shows the vanation of individual annoyance. As
shown in Fig. 1, the individual sensilivities to road traific
noise were almost invariable, whercas noise rating (an-
noyance} and reaclion {(disturbance) varied with survey
time. The respondents are all noise-sensitive (normally

more than 0.5).
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Figure 1. The relation belween the individuat indices of Tour sub-
jools Cor sensitivity ( —@p—). annoyance ( —H—1 and
disturbance { —a—), obtained from repeated measures
1(a) Subject CF. (b} Subjeel PG, (c) Subject T, and
() Subject NJ.

Medical symptoms were reported by the respondents
when their disturbance index (D1) is above 0. %) As shown
in Table 1, subject CF reported headuche and irritability
(D1=0.33) at first. Headache disconlinued in the secomd
survey (DE=0.19) After that, CF moved o a gqueter
place. where his DI decreases (o mil, as shown i Fip. ),
His irritability also discontinued (see Table 1), Subject PG
had lived in a quiet streel Tor a long tme, but showed
high scnsitivity. As shown in Fig. (b}, PG's average an-
noyance raling and disturbance index are about 0.30 and
(1.04. respectively. Subject DJ continuously reported ner-
vousness, tension and irritability {the lowest DI - 0.33).
As shown in Fig. 3(c). the third D1 is exceplionatly high.
The third survey was the occasion when he spent more
tme at home for hos weting and was severely alfected by
road traflic nose. As shown in Fig. [{d) and Table 1.
snbject NJ reported most ol the medical symploms and

provided variaions in her dislurbance.
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A relation between annoyance and disturbance was
found. The respondents” annoyance and disturbance indi-
ces are all plotted in Fig. 2. 11 is found that Lhere 1s a
breakpoint of .45 in anooyance raling. Up 1o this point,
the responses to noise were nol reported although annoy-
ance increased. The responses (o noise (disturbance pal-
leras) scem apparent after this point. This could be a
‘threshold of annoyance’ for gesponding to road traffic

nojis¢ in this noisc model.
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Figure 2. The relalion between annoyance and disturbance in the
present modcl.

V. Discussion and conclusions

As the aclual noise levels (Leq 24 hours) are nol likely
1o vary signilicantly throughout the present survey, it can
be concluded (hat noisce level is not the only variable that
can be wsed (o conlrol annoyance levels over long periods
of time. There is individual variability in the measured
reactions al any one noise level duc to acoustical, situat-
womal, altitudinad and personal faclors. The results suggest
that adaplation does not oceur 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
o the individuat degree of adaptation to a new noise en-
vironmenl.

Froms the results of this study, it is found that the indi-
vidual sensitivily 1o road tradlic noise remains unchanged.
Sensilivily to noise is nol associated with decreased en-
vironmenlal noise lcvel. The results obtained may be de-
pendent upon differences in respondents’ atlitudes lowards
the vanous noise situations. No significant relationship
between sensilivity and annoyance was observed. People’s
annoyance caused by noise is nol affecled by their noisc

sensitivity but by the noise measure itself. {(z.e.. “annoy-
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ance’ or ‘noisc rating’). However, Lhere is a relabionship
between annoyance and disturbance. It s confirmed thal
a more direct approach to the noise problem is lo mea-
surc dislurbance rather than annoyance [4).

There is a suggestion for a way forward n the future:
As the rclationship belween scnsitivity, annoyance and
disturhance 15 unique lor each individual, neural network
analysis would be u useful mcthod of implementing the
aim of the this study, 7.e., predicling individua! distarb-
ance in a noise environment. In order to carry out a
neneal network analysts Lhe adaptive learning procedure
has to be sel up through the characteristics of input data
(sensilivity, annoyance and dislurbance), which make a
nctwork model undertake the process of calculation. In-
put data will be later obtained from the correlat.on be-
lween self-rated noise, field measurements and laboralory
annoyance lests. Then the correlation belweer  (hese
values will be used lor training the ncural network. Lab-
oratory (csls should be added 10 investigale whelher the
magnitude and direclion of change of annoyance wilh
traffic noise cxposure correspond closely 10 the aclual
changes in physical exposure. Estimales should be made
of lime constants for Lhe rale of change of attitudes to-
ward iraffic noise. Consequently, weighting ali activily in-
lerferences into an index and applying this universally for
road traflic noise will decrease the precision of the re-
sponse description and hence inftuence the accuracy of
the dose-response retationship.,

‘Disturbance’ is what needs lo be determined and it can
be ohtained dircctly from Leq, annoyance and sensitivity.
The nsc of individual adaptation fevels and personality
lypes may improve prediction accuracy of disturbance in-
dex. People's disturbance rates (o traffic noise can he pre-
dicted from their noise sensilivity and noisc evaluation. 1
should be further reviewed how infensity, duration and
frequency composilion of noisc affects the auditory, an-
noyance, sleep and speech interference, psychological and

sociological responses in man,
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