RAILWAY BONUSFOR SOUNDSWITHOUT MEANING?
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ABSTRACT

At sameA-weightedenergyequivalentlevel, railway noisefrequentlyis preferredto
roadtraffic noise.This effectoftenis calledrailway bonus.Amongpossiblereasongor
the railway bonus,differencesin spectrumtime structure,and mearing of soundare
discussedlIn order to largely "neutralize" the meaningof sound,a procedurewas
proposedas follows: the sound, e.g. railway noise, is analyzedby FourierTime-
Transform(FTT) and- after spectralbroadening- re-synthesizedy inverseFTT. The
proceduréhasthe advantagehatthe loudnesgime functionsof original and neutralized
sound are identical, but the meaning of the soundis removed.In psychoacoustic
experimentsfor original soundsof railway versusroad traffic noise,a railway bonus
couldbe ascertainedif for the samesoundswhendeprivedfrom their meaningalsoa
railway bonuswould show up, then the meaningof soundwould contributeto the
railway bonusmuchlessthandifferencesin spectrumand/ortime structure.lf, on the
other hand,the meaningof soundwould be a dominantfactor for the railway bonus,
with neutralizedsoundsno railway bonusshould show up. Resultsof corresponding
psychoacoustiexperimentsare reportedand discussedn view of the psychophysical
method used.
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INTRODUCTION

At sameA-weightedenergyequivalentlevel, railway noiseis frequently preferredto road
traffic noise.This effectoftenis calledrailway bonus(Mdhler 1988[11], Fastletal.1994[4]).

Among possiblereasongfor the railway bonusdifferencesin spectrum time structureand
meaningof soundare discussedFastl et al. 1996 [5]). Spectraldifferencesbetweenroad

noise and rail noiseat low frequenciescan accountfor part of the railway bonus:the low

frequencycomponent®of road noiseare strongly attenuatedy A-weighting. However,these
componentgontributeto the loudnessof road noiseandtherefore despie sameA-weighted
level, road noise can be perceivedas being louder than rail noise (Fastl 1996 [1]). The
temporalstructureof rail noisewith long pausesetweeneventsalso could contributeto its

preference over road noise, in particular for busysaeeth densely packed events.

A third alternativeput forward in the literature as a a possiblecauseof the railway
bonuswould be nostalgicfeelingsevokedby (howling) train sounds)eadingto a preference
of railway noise. This hypothesiswas assesseds follows: a procedurewas used which
largely can “neutralize” the meaning of sound. Despite the fact that the loudnesgime
functions of original and neutralized sound are identical, the meaning of the sound is
removed, i.e. the sound source can no éorg recognized.

In this paper,resultsof experimentsare reported,in which original soundsaswell as
neutralized soundswere evaluatedwith respectto overall loudnessor by a method of
semantic differential. The results will be discussed in vieweffollowing two questions:

(1) whether for neutralized sounds also a railway bonus shows up, and
(2) whetherthe recognitionof specific soundsourceslike railways may influence the
judgements.

EXPERIMENTS

Eight subjectswith normalthresholdsof hearingand an agebetween24 and58 (median25)
yearsparticipatedin the psychoacoustiexperimentsSoundswere presentedn an anechoic
chamberover a loudspeaker(Klein & Hummel O96) 1.5 metersin front of the subjects.
Subjectsweretestedoneafterthe other. Soundspresentedada durationof five minutesand
were typical examplesfor noiseimmissionsfrom road traffic noise or railway noise.Both
sounds had the same energy equivalenteighted level of 55 dB(A).

In orderto removethe meaningof the sounds,a procedurewas usedas follows (Fastl
2001 [2], Fastl 2002 [3]): The noise immissionsof five minutesduration were spectrally
analysedy anFTT procedurgTerhardt1985[12]), and - afterspectralbroadening- were
re-synthesized by inverse FTT. &leorresponding procedure is illustrated in figure 1.
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Fig. 1: Block diagram illustrating the procedure to neutralize the meaning of sound.

In this way, soundswere producedwhich havethe sameloudnesgime function asthe
original sounds but the informationaboutthe soundsourcess removed(Fast|2001[2]). In
essence, the neutralized sounds can be compared to amplitude modulated broadband noise.

With the four soundsof five minutesduration each,the following experimentswvere
performed:(1) judgementof overall loudnesshy categoryscaling(KuwanoandNambal985
[8], Fastletal. 1989[6]); (2) evaluationby the methodof semantidifferential (Kuwanoetal.
1997[9]). Sinceboth methodsaredescribedn the literature,for detailsthe readeris referred
to the references given.

RESULTS

Figure 2 showsthe resultsobtainedby categoryscalingof overall loudnessSevencategories

from very soft to very loud are used.Filled symbolsdenoteloudnessjudgementsor road

traffic noise,opensymbok indicateloudnesgudgementdor railway noise.Squaresllustrate
loudness judgements for original sounds, rhombs loudness judgements for neutralized sounds.
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Fig. 2: Judgementof overall loudnessfor road traffic noise versusrailway noise of five minute
durationeachwith L ,.,= 55 dB(A). Filled symbols:roadtraffic noise,unfilled symbols:
railway noise. Squares: original sounds, rhombs: neutralized sounds.

The datadisplayedin figure 2 clearly show that despitethe sameA-weighted energy
equivalentsoundpressurdevel of 55 dB(A), railway noiseis judgedsofterthanroadtraffic
noise (c.f. unfilled versusfilled square).This resultis in line with the conceptof “railway
bonus”.Whenthe meaningof the soundss neutralizedrhombs),alsoa railway bonusshows
up, i.e. the neutralizedsound derived from road traffic noise is judged louder than the
neutralizedsoundderivedfrom railway noise.Sincethe original soundsandthe neutralized
soundsshow the sameloudnesgime function, but for the neutralizedsoundsthe sound
sourcescanno longerbe recognizedthe resultsdisplayedin figure 2 could be interpretedas
follows: the loudnessdifferencesseemto be the main causefor the railway bonusandthe
meaningof sounds,e.g the nostalgicfeelingsconnotatedo railway noiseseemsto be less
important.

In orderto get more detailedinformationaboutpossiblereasondor the railway bonus,
noise immissions of five minute duration were evaluatedby the method of semantic
differential. A list of adjectiveswas chosen,which had been successfullyused in an
international study (Kuwano et al. 2000 [10]).

Figure 3 givesthe resultsfor the original sounds.Filled squaresndicatedatafor road
traffic noise,unfilled squareshowresultsfor railway noise.Fromthe datadisplayedn figure
3 it becomesclear that in comparisonto railway noise, road traffic noiseis louder, more
frightening,moredangerousmorepowerful, etc. This resultcouldbeinterpretedn favour of
a “railway bonus”.
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Fig. 3: Semanticdifferential for road traffic noise (filled squares)versusrailway noise (unfilled

squares).

Figure4 givestheresultsfor the correspondingneutralizedsoundsDatafor neutralized

road traffic noise are indicated by filled rhombs, resultsfor neutralizedrailway noise by
unfilled rhombs.As for the original sounds,n comparisorto the neutralizedrailway noise,
the neutralized road traffic noise is louder, more frightening, dangerous, powerful etc.



Theseresults indicae that also for neutralizedsounds,a railway bonus shows up.
Moreover,at first sight, thesedatacould be interpretedthat the meaningof sounddoesnot

influence the railway bonus.
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Fig 4: Semanticdifferential for neutralizedroad traffic noise (fil led rhombs) versusneutralized
railway noise (open rhombs).

Tablel enablesa closerinspectionof the data.For both original andneutralizedsounds,
the statisticalsignificanceof the differencesbetweenroadtraffic noiseandrailway noiseare

given.

original neutralized

road vs. rail road vs. rall
loud/soft 0.0185 0.0234
deep/shrill 0.0000 0.0017
frightening/not frightening 0.0197 0.0314
pleasant/unpleasant 0.0004 0.1796
dangerous/safe 0.0006 0.0298
hard/soft 0.1400 0.1808
calm/exciting 0.0147 0.0124
bright/dark 0.0000 0.0006
weak/powerful 0.0002 0.0002
busy/tranquil 0.0039 0.0145
conspicuous/inconspicuous 0.9343 1.0000
slow/fast 0.2572 0.1742
distinct/vague 0.2268 0.4466
weak/strong 0.0010 0.0004
tense/relaxed 0.0009 0.1099
pleasim/unpleasing 0.0001 0.2373




Tablel: Analysisof the statisticalsignificanceof differencesbetweenroadtraffic noiseandrailway
noise for original soundsas well as neutralizedsounds.Statistically significant differences
(p<0.05) are given in bold.

The data displayedin Table | suggestthe following conclusions:For both original
soundsand neutralizedsounds,road traffic noise producesstatistically significant larger
values than railway noise for the adjectives loud

deep
frightening
dangerous
exciting
dark
powerful
busy
strong.

Both original and neutralizedsoundsshow no statistically significant differencesbetween
road traffic noise and railway noise for the adjectives hard

conspicuous

slow

distinct.

Most interesting are the adjectives pleasant
relaxed
pleasing,

which indicate a statistically highly significant difference (p<0.001) betweenroad traffic
noise and railway noise for the original sounds,but not for the correspondingheutralized
sounds(p>0.10). Theseresultscan be interpretedthat the loudnessof soundsrepresentsa
dominantfeaturefor the descriptionof the railway bonus.However,someinfluence of the
meaningof the soundsourcecannotcompletelybe ruled out, sincefor the original sounds,
where the sound sourcesrail versusroad are easily recognized,there is a statistically
significantdifferencewith respectto the pleasantnesef the sounds.If however,the sounds
are neutralized,the differencesin pleasantnesslisappear.ln essencehis meansthat the
recogniton of a railway as a sound source may contribute to some extent to a better rating.

CONCLUSION

The resultsof the experimentsdescribedin this paperclearly indicate that differencesin
loudnessof soundswith sameA-weightedenergyequivalentlevel constitutea main reason
for the railway bonus (cf. Fastl 1996 [1]). This holds true for both original soundsand
neutralizedsoundsMoreover,this conclusionis reachedy the evaluationof overallloudness
as well as by the method of semantic differéntia

However, data from the latter method also indicate that some differencesin the
pleasantnessf roadtraffic noiseversusrailway noisemay play a role. In otherwords,some



effects of the image of the soundsourcewith respectto the railway bonusare possible.
Hellbrick et al. (2002[7]), when comparingoriginal with neutralizedsounds,also reported
data, which pointin a similar direction.

In conclusionthen, someinfluence of the image of the soundsourceon the railway
bonusmay be possible However,further experimentsarenecessaryo explorethe magnitude
of these influences in detail, in particular in comparison to the dominant loudness differences.

REFERENCES

1. Fastl, H., Masking effects and loudness evaluation”, Recent Trends inrtdgeRasearch (H. Fastl et al Eds.),
Bibliotheks und Informationssystem der Carl von Ossietzky Universitat Oldenburg, Oldenbt5g, 2996.

2. Fastl, H., “Neutralizing the meaning of sound for sound quality evaluations”, Proc.17th International Camgress o
Acoustics, Rome 2001, CD ROM (2001)

3. Fastl, H., “Features of neutralized sounds for long term evaluation”, Proc. Forum Acusticum Sevilla 2602,00QI
IP in CD-ROM (2002)

4. Fastl, H., Kuwano, S., Namba, S., “Psychoacoustics and rail bonus”, HNTHBE'94 . Vol. Il., 821826 (1994).

5. Fastl, H., Kuwano, S., Namba, S., “Assessing in the railway bonus in laboratory stlidéesist. Soc. Jpn., 17, 139
148 (1996).

6. Fastl, H.,Zwicker, E., Kuwano, S., Namba, S., “Beschreibung von La&rmimmissionen adbahduhbeit”, Fortschritte
der Akustik, DAGA’89, Verl.: DPGGmbH, Bad Honnef, 75154 (1989)

7. Hellbruck, J.Fastl, H., Keller, B., Effects of meaning of sound on loudness judgemeBRts¢. Forum Acusticum
Sevilla 2002, NOI04-002-IP in CD-ROM (20@)

8. Kuwano, S., Namba, S., “Continuous judgment of levelfluctuating soundsand the relationship betweenoverall
loudness and instantaneous loudneBsychol. Res., 47, 27-37 (1985)

9. Kuwano, S., Namba, SFastl, H., Schick, A.,Evaluation of the impession of danger signal€ompaison between
Japanese and German subjects'Oldenburger Symposium (A. Schick, M. Klatte, Eds.), BIS Oldenburg12&5
(1997)

10. Kuwano, S., Namba, S., Schick, A., Hoge, FFastl, H., Filippou, ThFlorentine, M., Miesch, H., The Timbre and
Annoyance of Auditory Warning Signals in Different Countries”, PRIGER-NOISE'2000, CBROM (2000)

11. Méhler, U., “Community response to railway noise: a review of social surv&y&3und Vib., 120. 321332 (1988)

12. Terhadt, E., “Fourier transformation of time signals: Conceptuakieni’, Acustica, 57, 242256 (1985)

additional references: http://www.mmk.ei.tum.de/noise.html

ACKNOWLEDGMENT

The authorswish to thank cand:Ing. Christoph Lindner for executingthe experiment on
loudness scaling. This work is supported by Deutsche Forschungsgemeinschatft.





