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ABSTRACT

This paper provides an overview of the exposure-response relationship between
environmental noise and community annoyance and sound masking technique for
noise abatement in urban spaces. Most previous studies focused on the community
response in residential areas not urban spaces and evaluated the indoor
environmental quality. However, many residents spent their daytime in outdoor such
as open public space. Outdoor environmental quality is also important, and it is
necessary to investigate the reaction to environmental noise in urban spaces. Social
survey for evaluating the outdoor envinromental quality was introduced, and
application of sound masking technique was suggested to improve the outdoor
soundscape.

INTRODUCTION

Many researchers have investigated sound level or sound quality of noises in urban
public area. This is because acoustical characteristics are one of the important as-
pects indicating the amenity of the place. However, most of the open public areas are
necessarily accompanied with heavy flux of transportation and complicated activities
so that excessive noise evokes annoyance to community. Among the various noises,
road traffic noises are reported as one of the most dominant factors affecting com-
munity annoyance (Miedema & Vos 1998) so that many studies were concentrated
on finding the method of transportation noise reduction. Several methods such as
tree-planting or advanced pavements can be applied to the urban spaces. However,
effects of the methods are limited in actual environments with various noises espe-
cially intermittent or impulsive noises such as construction noise are present. There-
fore, sound masking technologies should be introduced to the urban public spaces in
order to improve the soundscape more effectively. Also, more advanced measure-
ment methods of soundwalking system should be applied for the realistic analyses
and evaluations.

In the present study, community annoyance in urban spaces was obtained by social
survey and construction noise as well as road traffic noise was dealt with as noise
source. Standardized questions to obtain the noise annoyance were applied and syn-
thesis curves for the relationship between noise exposure and annoyance were de-
rived. Also, noise level and sound quality characteristics of the road traffic and con-
struction site noises were defined by using physical analyses and subjective evalua-
tions.

NOISE MEASUREMENTS

Methods

A total of sixteen urban areas around Seoul were chosen considering road traffic and
construction sites. The dominant noise source of the four sites was the road traffic
noise, and twelve sites were exposed to the construction noise as well as the road
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traffic noise. The sites can be categorized into two groups, residential area and open
public space according to the usage. The sites selected in this study are listed in Ta-
ble 1.

Table 1: Categorization of sites

NOISE Source Number of site
Residential area Open public space
Road traffic noise 2 2
Road traffic noise with construction noise 6 6
Total 8 8

The sound pressure levels were measured using a binaural ear microphone (B&K
Type 4101) while one subject walked around each site. In addition, visual data was
captured using a camcorder (Sony DCR-HC90) to investigate the effect of visual in-
formation in the auditory test. Also, Head and Torso Simulator (HATS, B&K Type
4100) was positioned considering the walking path of pedestrians in public spaces.
Height of microphone was determined as 1.5 m from the ground.

SUBJECTIVE EVALUATIONS
Field survey

ICBEN team 6 (Fields et al. 2001) recommends that each survey use two questions
to measure annoyance reactions for the purpose of making comparisons between
social surveys. Therefore, the questions with 5-point verbal scale question and 11-
point numerical answer scale were used in the present study. Annoyance responses
from two questions were translated into a scale from 0 to 100 to assess the %HA
(percentage of highly annoyed). The %HA is the percentage of annoyance responses
exceeding a certain cutoff point. Schultz (1978) used a cutoff at 72 in his influential
synthesis to define %HA, and same cutoff point was chosen in this study.

Construction type and progress of the selected sites were various. Some sites with
construction noise were in the progress of excavation and rock removal work, and
others were exposed to noise from hammering, drilling and grinding. Field survey
was conducted in the afternoon (13:00-18:00) on the basis of the assumption that the
outdoor activities are most frequent at that period. A total of 15 subjects (7 females, 8
males) between 20 and 30 years age participated in the survey. The soundwalk was
conducted in silence and participants were asked to concentrate on what they could
hear as they walked and to look at the urban environments in order to make connec-
tions between what they could see and what they could hear. After soundwalking for
30 minute at each site, participants were asked to evaluate the annoyance from the
noise sources.

Laboratory experiments

Laboratory experiments were composed of three experiments in order to determine
characteristics of masker. First, masker sound among various natural sounds was
selected by preference tests. Second, signal to noise ratio between masker and
maskee sounds was determined and finally, sound quality characteristics of the
masker sound was manipulated in order to enhance the effectiveness of masking.

For all of the three experiments, paired comparison method was used. All of the sub-
jects were asked to choose the preferred one between two sound stimuli in each pair.
Duration of each pair was 17.5 second because an interval sound of 3.5 second du-
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ration was set between the 7.0 second stimulus and another 7.0 second stimulus. All
of the stimuli pairs were randomly presented to the subjects. Visual image of the ac-
tual sites was presented to subjects before the auditory tests began. Twelve subjects
between 20 and 30 years age evaluated the sounds via headphone system in a
semi-anechoic chamber. Presentation level of the sound stimuli was set to 58 and
60 dBA for road traffic and construction noise, respectively, by considering the actual
sound level of the noise at the real sound fields.

RESULTS
Exposure-response relationship

Exposure-response relationships were obtained as a function of Laeq from 5-point
verbal scale and 11-point numerical scale respectively. And the curves for %A and
%HA are given in Figure 1. %HA from 5-point verbal scale question was slightly
higher than that from 11-point verbal scale at same noise exposure level. The differ-
ence between %HA curves from two different annoyance scales was statistically sig-
nificant (p<0.01). However, %A curves from 5-point verbal scale and 11-point nu-
merical scale were almost same in contrast to the results of %HA.
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Figure 1: The percentages highly annoyed (%HA) and annoyed (%A) as a function of Lag
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Figure 2: Scale value of preference according to relative presentation level: Left, Construction noise;
Right, Road traffic noise

Preferred sound characteristics of noise masker

Sound characteristics of noise masker were determined. Among 9 natural sounds of
‘Waterfall’, ‘Rainfall’, ‘Stream’, ‘Lake’, ‘Birds in forest, ‘Seagulls in port’, ‘Insects’,
‘Church bell’, and ‘Wind sound’, the sounds of ‘Stream’ and ‘Lake’ were preferred the
most as the noise masker. Therefore, sounds of ‘Stream’ and ‘Lake’ were applied to
investigate the appropriate signal to noise ratio between the masker and maskee. As
shown in Figure 2, in the case of construction noise, the scale value of preference
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showed high value when the sound masker was presented with 3 dBA lower sound
pressure level than that of the noise. In the case of road traffic noise, the scale value
of preference showed high level when the sounds of ‘Stream’ and ‘Lake’ were pre-
sented 0 dBA and 3 dBA lower than the noise, respectively. The scale value was de-
creased when the level of sound masker was increased over the level of site noise.

SUMMARY AND FURTHER STUDIES

Community annoyance was investigated in urban spaces on the basis of sound
measurements and field survey. Soundwalking methodology was introduced to calcu-
late the sound levels of urban public spaces more accurately. Standardized annoy-
ance question and procedure to obtain the annoyance measure such as %HA (highly
annoyed) and %A (annoyed) were applied.

In case of %HA, questions with 11-point numerical scale caused less annoyance
than 5-point verbal scale, as the subjects rarely chose ‘8’, ‘9’ and ‘10’ in the 11-point
scale even though they were exposed to higher noise levels. However, it was found
that the %A curves from 5-point scale and 11-point scale were almost same. It ap-
pears that most subjects chose ‘3’ in the 5-point scale when they were exposed to a
wide range of noise levels.

Also, sound characteristics for noise masker were investigated as a preceding re-
search for the application of sound masking system to reduce the annoyance from
road traffic or construction site noises. Results which were taken both in laboratory
and actual conditions, show that sound maskers such as ‘Stream’ and ‘Lake’ are ef-
fective for both road traffic and construction noises. When the presentation level of
the sound masker is up to 3 dB lower than that of the combined noise sources, the
scale values of preferences actually increase.
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