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Abstract

Even for same LAeq, ndse immissons from different types of traffic noise dicit not
always the same loudress and annoyance. Frequently, railway noise is percaved as less
annoying than road traffic noise (railway bonus), whereas aircraft nase can be perceved
as more awnoying than road traffic noise (aircraft malus). As one paossble reason for the
aircraft malus - in addition to dfferences in spedral distribution and temporal structure -
sometimes the hypothesis is put forward that sounds which come from above aperson are
perceved as particularly dangerous and annoying. In arder to challenge this hypothesis,
psychoawmustic experiments were performed in which the same immissons of equal LAeq
from railway noise, road traffic noise, and aircraft noise were presented by loudspeakersin
front of versus abowe the subjeds. They had to rate the overal loudress of the noise
immissons by caegory scding, magnitude estimation, and line length. Results are
presented in which the magnitude of bonws or malus is given as a function d the
diredion d the sound sources. For presentation in front of the subjeds, bah railway
bonuws and aircraft malus were found. However, for “natural” situations like road traffic
noise from front and aircraft noise from abowve, noaircraft malus showed up.

1. INTRODUCTION

At same energy equivalent A-weighted level, railway noise may be less annoying than
road traffic noise. This effed, cdled railway bonuws, has been found in field studies
(e.g.[1], [2]) and could be confirmed in laboratory studies [3]. On the other hand, at same
energy equivalent A-weighted level, aircraft noise can be more aanoying than road traffic



noise. The mrrespondng aircraft malus has been reported for field studies (e.g. [4], [5]) as
well aslaboratory studies [6]. As one passble reason for the arcraft malus - in additionto
differences in spedra distribution and temporal structure - sometimes the hypaothesis is
put forward that sounds which come from abowe a person are percaved as being
particularly dangerous and annoying. This hypaothesis was challenged in psychoaoustic
experiments. Noise immissons from raillway noise, road traffic noise, and aircraft noise
were presented to subjeds by loudspeskers either in front of or abowve them. If the
hypathesis is valid, presentation d railway noise @ove and road traffic noise in front
shoud reduce the railway bonws. Likewise, for aircraft noise and road traffic noise from
abowe, the arcraft malus soud be reduced. However, when deding with these
predictions it has to be kept in mind that rather “unretural” situations are involved.
Therefore, it is of particular interest whether for a “natural” situation like road traffic noise
from front and aircraft noise from abowve, an aircraft malus will show up.

2. EXPERIMENTS

Nine subjeds (6 male, 3 female) with namal heaing ability and an age between 21and 27

yeas (median 25 took part in the experiments. Sounds were presented in the sound poof
room of the Department of Environmental Psychoogy at Osaka University. Loudspedkers of

identicd type (DIATONE DS-80(zX), hidden by aoousticdly transparent fabric, were
locaed 185cm in front of as well as 185 cm abowve the entrance to the ea cana of the

subjed.
Sounds used were noise immisgons from railway noise, road traffic noise, as well as aircraft
noise, ead with a duration d seven minutes and an A-weighted energy equivalent level of
61 dB(A). Theloudresstime-functions of the noiseimmissons are givenin Fig. 1.
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Figure 1: Loudness-time-functions of noiseimmissions from (a) railway noise, (b) road traffic noise, and
(c) aircraft noise, each with 7 minutes duration and an energy equivalent A-weighted level of 61 dB(A).



During the presentation d the sounds, subjeds had to rate the instantaneous loudress by
continuows caegory scding (e.g. [7], [8]). At the end d a run, subjeds were given a
guestionreire and hed to rate the overal | oudressof the previous sven minutes by category
scding, magnitude estimation as well as the method d line length (for details ®e eg. [9],
[10], [11]). For caegory scding and line length, for ead situation, medians and interquartil es
were cdculated from the respedive nine datapoints. For magnitude estimates, first data were
normali zed with resped to the maximum number given by ead subjed, before medians and
interquartil es were cdculated.

3. RESULTS AND DISCUSSION

Ratings of the noise immisgons which were presented in front of or above the subjeds are
discussed separately for the psychophysicd methods line length, magnitude estimation and
caegory scding.

3.1 Line length

In Fig. 2, the ratings of overall loudress of noise immissons by railway noise, road traffic
noise, and aircraft noise ae given for the method d line length. Circles represent data
colleded for presentation d the sounds in front of the subeds, triangles for presentation o
sounds above the subjeds.
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Figure 2: Evaluation of noise immissions from railway noise (rail), road traffic noise (road), and aircraft noise
(air) at same energy equivalent A-weighted level of 61 dB(A). Presentation of soundsin front (circles) versus
above (triangles) the subject. Method of line length.

For presentation d sounds in front of the subjeds (circles) effeds of ralway borus and
aircraft malus snow up. As concerns the medians, the overall |oudress of railway noise,
correspondng to 72mm line length is lower than the overal loudressfor road traffic noise
correspondng to 86 mm line length, a result which is in line with the @mncept of railway
bonuws. The line length of 91 mm correspondng to the overall |oudress of aircraft noise is
larger than the 86 mm line length for road traffic noise, in line with the concept of aircraft



malus. For presentation d sounds above the subjeds (triangles), there is littl e difference in
the overal | oudressof rallway noise (73 mm), road traffic noise (77 mm), and aircraft noise
(72 mm). In this case, data suggest neither a railway bonws nor an aircraft malus. The
hypothesis that presentation of sounds from above may increase the rating is not suppated.
On the mntrary, for road traffic noise and aircraft noise, rating for sounds presented from
abowve the subjeds (triangles) is lower than for presentation in front of the subjeds (circles).
For “natural” presentation d the sounds, i.e. road traffic noise in front of the subjeds (circle
86 mm) and aircraft noise dowve the subjeds (triangle 72 mm) the data would rather seem to
suggest an aircraft bonus! On the other hand, “natural” presentation d railway noise (circle
72 mm) and road traffic noise (circle 86 mm) in front of the subjeds would suppat the
concept of raillway bonus.

3.2 Magnitude estimation

Fig. 3 shows the data wlleded by the method d magnitude estimation. Again, presentation
of sounds in front of the subjeds is indicaed by circles, presentation above the subjeds by

triangles.
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Figure 3: Evaluation of noise immissions from railway noise (rail), roadtraffic noise (road) and aircraft noise
(air). Presentation of sounds in front (circles) versus above (triangles) the subjects. Method of magnitude
estimation.

Results displayed in Fig. 3 for frontal presentation (circles) are in line with the concept of
rallway bonuws, bu show no aircraft malus. Relative magnitude estimates (medians) amourt
to 80 % for railway noise andto 100% for road traffic noise, and also 100% for aircraft
noise. Again, the hypothesis that presentation d sounds above the subjeds would increase
their rating is rejeded (cf. triangles vs circles). For “natural” presentation d road traffic noise
in front (circle 100 %) and aircraft noise &owe (triangle 83 %) the subjeds, the data ajain
would seem to suggest an aircraft bonws! For “natural” presentation d railway noise verus
road traffic noise in front of the subjeds (circles 80 % vs 100 %), the wncept of ralway
bonws semsto be confirmed.



3.3 Category scaling

In Fig.4, the ratings for the method d caegory scding are displayed. Categories used are
very soft (VS), soft (S), digthtly soft (S, neither soft nor loud (NL), slightly loud (SL), loud
(L), and very loud (VL). . Again, presentation d soundsin front of the subjeds is indicated
by circles, presentation above the subjeds by triangles.
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Figure 4: Evaluation of noise immissions from railway noise (rail), roadtraffic noise (road) and aircraft noise
(air). Presentation of sounds from front (circles) versus above (triangles). Method of category scaling.

The data displayed in Fig. 4 indicae that the overall loudress of al sounds was on the
average (medians) assgned to the cdegory dlightly loud (SL), irrespedive of the presentation
of sounds in front of vs abowve the subjeds. Taking into acourt the interquartiles, for
presentation d road traffic noise and aircraft noise in front of the subjed (circles), a slight
indication d an aircraft malus might be interpreted into the data. However, it has to be
recdled that thisis an “unratural” situation with aircraft noise presented in front.

4. CONCLUSIONS

The hypathesis that sounds presented from above asubjed are perceved as louder and more
annoying is not suppated by the data reported in this paper. These results may be partly due
to the “unretural” presentation d railway noise or road traffic noise above the subjed. In
addition it should be recdled that even for identicd signals from the loudspe&kers in front
versus above the subjed, becaise of HRTFs, the signals at the eaidrums are diff erent.

For presentation d sounds in front of the subjeds — in line with data from the literature —
effeds of ralway bonws as well as aircraft malus $owed up. However, for “natural”
presentation d road traffic noise in front, but aircraft noise @owve the subjed, no aircraft
malus could be acertained. On the ntrary, the data would seamn to suggest for this stuation
an aircraft bonus.



ACKNOWLEDGEMENTS

The authors wish to thank Dipl.-Ing. Gregor van den Boogaat for recording and editing the
sounds. Dipl.-Ing. Markus Fruhmann and Dipl.-Ing. Stefan Kerber are a&knowledged for
editorial help.

[1]

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

REFERENCES

J. M. Fields and J. G. Waker, Comparing the relationsship between noise level and annoyance in
different surveys. A raillway noise vs. aircraft and road traffic comparison, Journal of Sound and
Vibration 81, 51-80, 1982

U. Mohler, Community response to railway noise: a review of social surveys, Journal of Sound and
Vibration 120, 321-332, 1988

H. Fastl, S. Kuwano, S. Namba, Assesdng the railway bonus in laboratory studies, J. Acoust. Soc. Jpn.
(E) 17, 139148 1996

D. M. Green, A theory of community annoyance aeded by noise exposure, In: Contributions to
Psychologicd Acoustics (A. Schick ed.), BIS Oldenburg, 459471, 1993

S. M. Taylor, Transportation moise anoyance studies of the McMaster reseach Group, In:
Contributions to Psychologicd Acoustics (A. Schick ed.), BIS Oldenburg, 473-485, 1993

H. Fastl and J. Hunede, Psychoakustische Experimente aum Flugdrmmalus, In: Fortschritte der
Akustik, DAGA 95, DEGA Oldenburg, 407-410, 1995

S. Namba, S. Kuwano, H. Fastl, Loudnessof road traffic noise using the method d continuous judgment
by caegory, Proc. Noise 88, 241-246, 1988

S. Kuwano and H. Fastl, Loudness evaluation of various kinds of non-steady state sound using the
method o continuous judgment by category, Proc. 13. ICA Belgrade, Vol 1, 365-368 1989

S. Namba and S. Kuwano, The relation between overall noisinessand instantaneous judgment of noise
and the dfed of badkground noise level on noisiness Journal of the Acousticd Society of Japan (E) 1,
99-106, 1980

S. Kuwano and S. Namba, Continuous judgment of level-fluctuating sounds and the relationship between
overall | oudnessand instantaneous loudness Psychologicd Reseach 47, 27-37, 1985

H. Fastl, Th. Filippau, W. Schmid, S. Kuwano, S. Namba, Psychoakustische Beurteilung der Lautheit
von Gerauschimmissonen verschiedener Verkehrstrager, In: Fortschritte der Akustik, DAGA 98, DEGA
Oldenburg, 70-71, 1998



