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ABSTRACT: Community reaction to noise is an important effect of noise exposure which may harm health. Amelioration of community
reaction requires that it be understood. We offer methodological recommendations in order to improve the validity and reliability of the
reaction data upon which this understanding is based. Evidence is presented to indicate that reaction is influenced by features of the person
hearing the noise and the situation in which the noise is heard, as well as features of the noise itself. Consistent with this claim, the
relationship between noise and exposure is found to be stronger when based on grouped rather than individual data. Given the critical
influence of human factors (including psychnlogica.l variables) on whether a sound i perceived as noise, and on the reaction it produces,

‘approaches to overcoming the noise pmblem as well as issues for future research are suggested.

yehologi

1. INTRODUCTION
The global trends towards larger cities and reduced
proportions of populations living in rural settings have
concentrated people in more noisy arcas. At the same time,
and transport have created
substantial increases in noise production. The confluence of
these factors has resulted in a substantially increased
proportion of the population being exposed to noise from
outside sources while in o around their homes. The noise
may arise from transportation (motor traffic, aircraft, trains,
boats), factories, construction, mining, power plants or
electrical transmission lines, wind turbines, music or
television, air-conditioning units, or neighbours and their pets.
People may have a range of reactions to this noise,
amongst them dissatisfaction, annoyance, anger, frustration,
disappointment, and/or distress [1]. These responses to noise
are generally known as community reaction. Community
reaction is important for three reasons. First, it is one of the
undisputed effects of noise generally, and is one of the two
undisputed effects of residential noise in particular (the other
being slecp disturbance [2,3,4]). Second, it is in its own right
a significant factor in human quality of life and health. People
who have their daily activities (cg. conversation, listening to
music, watching television, reading, sleeping) disturbed, and
who are dissatisfied and annoyed, clearly have reduced quality
of life. Thus, community reaction constitutes a negative
health factor within the World Health Organisation’s
definition of health (as well-being, not just the absence of
disease). Third, community reaction may contribute to other
putative effects of noise such as elevated blood pressure [S]
and mental health problems such as anxiety and depression
[6.7). Indeed, several studies have identified reaction to noise
as a better predictor of several noise-related health effects than
i noise exposure itself (eg. anti hypertensive treatment [8);
psychosocial well-being [9); nervous stomach [10]; and
general health ratings [11,12]). While these studies were
observational and so do not provide compelling evidence for
causality, noise, via the reactions it generates, remains the

most likely causal agent (for review see [4]).

This paper reviews socio-acoustic studies of community
reaction to noise, focussing on the measurement of reaction to
noise, and noise-, person- and situation-related factors which
influence reaction. Unresolved issues are identified for future
research.

2. THE MEASUREMENT OF REACTION

‘The measurement of community reaction inevitably relies
upon subjective report. Residents must tell us about their
reactions. This methodology has difficulties, including the
possibility of inaccurate or incomplete recall, as well as
response biases. However, since most socio-acoustic surveys
refer to the recent past, memory is unlikely to present a
problem. Psychological data suggests that people so not lic in
surveys [13]. Further, whilst people may be motivated to give
inaccurate reports of their reaction, this may be minimised
with appropriate questionnaire construction (eg. sce point 3
below), and by stressing the importance of accuracy to
respondents. Many response biases can be also controlled
with considered questionnaire construction. The quality of
the data collected in studies of community reaction may be
improved through a number of specific methodological
refinements:

1. Ensuring random sampling of households and of residents
within households, to provide an unbiased sample.
Minimising refusal rate through the use of experienced
interviewers [14] and payment of incentives for
participation [15, 16].

Not revealing the focus of the survey on reactions to noise
until at least one critical reaction question has been asked,
hidden among questions on other aspects of the
neighbourhood [17,18,19,20].

Using several questions to assess reaction, rather than a
single question, in order to improve reliability.[14,21,22].
When several questions are used the measure is not as
susceptible to random fluctuations in response and is thus
more reliable.
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Employing the best questions for a valid and reliable
measure of reaction. Reaction to noise has typically been
assessed in terms of “annoyance”. However, there are
many possible reactions to noise besides annoyance: for
example, anxiety, ~distraction, exhaustion, ~anger,
frustration, disappointment and fear. Empirical data
indicate that overall reaction to noise is captured better by
a general scale of reaction (involving questions such as
“how much are you affected by [noise]” and “rate your
dissatisfaction with [noise]”) than by simple annoyance
‘measures [23,1]. Thus, these gencral questions appear to
be more valid measures of reaction. They have also been
shown to be more reliable both with respect to internal
consistency and stability. Internal consistency refers to the
extent to which the questions within one measure tap the
same underlying variable; responscs to general reaction
questions have been shown to be more consistent with
each other than are responses to annoyance questions (for
review see [24]). Stability (or test-retest reliability) refers
to the extent to which questions tap the same variable from
one measurement occasion to the next; responses to
general reaction questions are more similar across time
than are responscs to annoyance questions [24]. Thus,
socio-acoustic surveys would ~ benefit from the
measurement of general reaction to noise in addition to
measurement specifically of annoyance with noise.

3. FACTORS WHICH INFLUENCE

REACTION

Many factors have been identified as influencing reaction. It
should be noted that often these factors have only been
identified in observational (usually corrclational) studies,

which thus do not identify the direction of causality. However,
in many instances some causal accounts can be eliminated.
For example, because the weak relationship between gender
and reaction could not arise from the noise influencing gender,
itis taken to indicate that gender influences reported reaction,
although the mechanism of such an effect is not obvious. In
other instances, laboratory studies suggest the causal sequence
[2,4] or the nature of the observational data suggest an
interpretation [25].

Features of the noise itself which influence reaction to
noise include: the noise energy level, with greater energy
associated with greater reaction [21,26]; the number of events,
with more events influcncing reaction above and beyond total
noise energy exposure [27,28]; the frequency distribution of
the noise, with lower frequency leading to more reaction [29];
tonality, with more pure tone components causing more
reaction [2; impulsivity, with more impulsive noise causing
considerably more reaction (an effect equal to 20-30dB [28]);
changes in noise exposure, which yield the exaggerated
changes of greatly reduced reaction when the noise exposure
drops and over-reaction when the noise exposure increases
130,31).

Features of the person hearing the noise also influence
reaction: more negative attitudes to the noise source are
associated with more reaction [2,21]; more noise sensitive
residents show more reaction [2,21]; those who own their own
home show perhaps slightly more reaction [21]; expectations
of the level of future noise influence reaction, with those
expecting an increase in noise showing more reaction [32].
Personality influences reaction [2] often in a manner
consistent with the health risks of different personality types

TABLE individual for a range of noi i
sTuoy COUNTRY 'WOISE SOURCE ‘SAMPLE SIZE T (ind) (o)
Baugham & Huddar (1993), NPHP uk. 0%
[ %08 067
Sweden 918 o7
SA Arrat 942 058
UK. AicrafiRoad as 0%
Canada Air<andiioner £ 019 0%
Ganada Neighbourhood 9% 035
Ganada Road 1150 050 085
Bradly & Jonah (1979),JSV Carnadz. 30 043
Brown (1978), Aust. Road Research Board Rpt. Austraia Road 818 027 079
Buchta (1990), JASA Gemany Rie range E 044 0%
. Gemany R 2 om0 03t
Bullen et al (1985). 5V
Hode & Bt (162, L ot Austala Arerat 375 03 om
Bullen et l (1991), N
Austata Atlery 1626 02 057
Austala Aty 21 04
Austaia Atlery st 086
Austala lery 55 o7
nt Belg. 1800 08
(953, NPHp pan % 049
etal (1993), NPHP. Thailand 138 040
1993), NPHP Thailand 023
o (1986, Interaise UK. Arcatt 082
Dixit & Reburn (1980), Iternise Canada Rallard 523 ot
Fidel (1976), JASA USA an 2097 o7
Fidel ¢t al (1983), JASA USA Quarry blast [ 066
Fields & Powel (1987), JASA USA = 30 02 095
Fields & Walker (1962), JSV UK. Rallay 1483 046
Foreman etal (1974), ISV Ganada Neighbourhood [X]
Gambart (1981, Psychologia Belgica Belgium Road 617 048
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Gambar et al (1976), Applied Acoustics Belgium Road u7 081 094
Garcia (1983), Internoise Spain Road 40 056
Garcla et al (1993), JSV Spain Arcratt 1800 030 0%
Gjestand ot al(1990). Rpt. ST4 40 A90189 Norvay Areratt 1554 037
Graeven (1974), J. Heath & Soc. USA Arcratt 552 040
Grandjean et al (1973), KPHP Switzeriand Arcatt 3339 059 095
Grandiean el al (1973), NPHP Switzerland Road 944 043
1 ). UK. R 1000 023 088
Grifins et al (1980). S5V UK. Road 2 044 086
roeneveld (1881) Internoise Nethertands Industrial 597 035
Hall el (1979) [bookc Mcktaster Uriversity) Canada Altcraft commercial) 73 068
Halletal (1979) [book: McMaste Universiy] Canada Aireaft (genoral) 2 084
Hallstal (1979) [book: McMaster University) Canada Road A 056
Halletal (1978), Intemnoise Canada Road 089
Halletal (1983), Internoise Canada Arcatt 031
Hall & Tyl (1977), JSV Canada Road 022
Hade & Bulon (1982).. Austala Rifle range 201 029 055
Hiramatsy et a. (1987), ntormoise Japan Acatt 6080 094
Job etal (1991),Inern Australa Airaf (miltary) 24 058
Job & Hade (1989), Intemoise Australa Power station 301 049
Kamperman (1980), Internaise USA Sonic boom 2000 0%
Koetal (1976), Hong Kong Acratt 552 080
Kostal (1976), JSV Hong Kong Road 552 o
Kano & Sone (1988), JSV Japan Road 17 o
Kurra (1983), Internoise Tutkey Road 525 088
Langdon (1976), SV UK Road 1359 021 085
Langdon et a (1983), JSV UK. Neighbour 709 024 038
don etal (1981), UK Neighbour 917 040 084
Large & Lutiow (1875, Itemoise UK. 5% 052
Large & Ludlow (1975). Iternoise UK. Road 535 038
Lercher & Widmann (1893), NPHP Austria Road 1965 0z (X
Lopez-Barrio & Cares (1983), NPHP. Spain Road 800 030
May (1972), 55V Germany Sonic boom 039
May (1971), 35V Uk Sonic boom " 062
MeKennell( 978), NPHP UK Areralt 025
Kennel(196373), NPHP Uk Aircatt 1731 046 099
MIL Research (1971),Her Najesty's Statnry Of, UK Aircaft 4699 040
Moster & o (985, el Gormany Raivay 25 08
Moehler & Kaall(1983),Inern Germany Road 25 066
Mty & Avy (1984), Wikingan Moray Rt Australa Quarry biast 10 029 089
Nemecek et a (1981), JSV. Sitzeriand Road 04 083
Hivison & Endresen (1993),J. Behay, Med. Norway oad 8 ns.
Oetstrom (1993), NPH Australa Riflerange 309 005
Oetrstrom (1993), NP Sweden Road a4 090
& Rylander (1993), NPHP Swoder Home % 091
Futs & Lowrwms (101, itomn Australa Road 2 085
Rohrmann et 2l (1973), N Germany Airraft 660 058
Rardr s (1059, KPP Swoden Atilery 1483 052
Rytander et 2l (1980), JSV Swedon Airraft 748 0%
Rylander et al (1976), JSV Sweden Road 811 078
Rylandr ot al (1972), JASA Swedon Aeraf 2000 078
lndert (1072, 4 Stieden Sonic boom 3 085
Sato (1993), NPH Japan R 584 029
Schield & Zhukoy usm), NPHP UK Light rat 149 059
Schomer (1983), JASA USA reraft 231 089
Schuemer & Schuemer-Kors (1983), Intermai Germany Raiivay 1516 048
Schuemer & Schuemer-Kors (1983), Intemoise Gormany Road 1516 052
Seshagir (1981), JSV Canada Drop forging 609 031 063
‘Seshagir (1981), JSV Canada Road 09 019
Shibuya et al (1975), Internoise Japan Road %9 036
orensen & Magnussen (1979), JSV Sweden Rifle range £l 099
‘Spicett et l (1983), Dpt Cans. & Env, WA, Bull. [ Australa Aircraft 10 046
Taylor et a (1980) [book: McMaster University] Canada Arcatt 21 040
TRACOR Inc. (1971), NASA Rt USA. Aireraft 3590 037
Vallet et l (1978), JSV France Road %0 080
van Dongen (180), It Congress Acoustics Nethelands. Road 20 030
Wosink & Sprengers (1993), NPHP Denmark/
Germany/
Netherands Wind trbine 574 003
Yano etal (1993), NPHP dagan Road 21 030
Yano et l (1991), Iternoise dapan Road i 027
Mean 91674 042 081
54 109416 017 015
Number of cases. (] & B
e
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being related to stressful reactions to noise [33]; and, finally,
knowledge and beliefs regarding the health effects of noise
may influence reaction [34].

The circumstance in which the noise is heard also
influences reaction, with more reaction occurring if the noise
iis experienced: from a noise source which is visible from the
residence, during a quiet activity which requires concentration
[2,18], or at night [35].

4. CORRELATIONS

As outline above, reaction to noise is influenced by a number
of features of the individual hearing the noise. Thus, reaction
to a given level of noise exposure could be expected to vary
from person to person, and correlations between noise
exposure and reaction are low when they are based on
individual data. However, noise and reaction may be averaged
across individuals within groups (say, across individuals living
ina particular area) in order to remove the effects of individual
differences before the correlations are assessed (using the
grouped data). A considerably higher association between
noise exposure and noise reaction could then be expected [21]
‘We conducted an extensive review of the relevant literature,
selected studies which reported a noise-reaction correlation,
identified whether cach correlation was based on individual or
grouped data, then calculated the average correlation for
individual and for grouped data see Table 1]. The average
noise-reaction correlation is greater when based on grouped
rather than individual data. However, it should be noted that
on average noise exposure still accounts for only 63.6% of the
variance in community reaction to noise. Nonetheless, this
percentage would be a slight underestimation due to errors of
measurement (in both noise exposure and reaction) and the
assumption of a linear relationship between the variables in a
correlation despite the reported dose-response curves being
curvilinear [26].

5. THE FUTURE

Many important theoretical issues relating to noise reaction
remain to be resolved and practical solutions to the noise
problem which recognise the importance of noise reaction and
other psychological variables need to be developed.

For example, has the population become more sensitive to

and therefore, by definition, not noise. Both the practical aim
of zero sound and the naive epidemiological assessment of the
effects of sound in terms of the dose-response relationships
between total sound exposure and effects (such as reaction or
health), ignore psychological reality. Much sound is desired,
and is thus unlikely to be stressful, arouse negative reaction, or
harm health.

Focus on reduction or elimination of noise emissions as a
solution to the noise problem should not preclude the
development of other viable measures to alleviate the
problem.  Alternative solutions which may be fruitfully
researched or implemented include: changing features of the
noise other than its energy level in order to reduce reaction;
understanding and resolving negative reactions to home noise
insulation; promoting positive attitudes towards relevant noise
sources; and use of positive sound environments.
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