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Abstract
In order to disentangleacousticaland non-acoustical
factorsin sound-qualityevaluation,a signal-processing
scheme[H. Fastl (2001). Proceedings17th ICA, Rome]
that rendersmostsoundsunrecognizablewhile preserv-
ing their temporal loudnessenvelopeswas employed.
Two independentgroupsof subjects(N=20 each)evalu-
atedasetof 40environmentalandproductsounds,either
in their original, or in a thusprocessedversion. In con-
trast to previous investigationsusing this methodology,
thestimuli covereda largerrangeof soundpressurelev-
els,andadditionaldatawerecollectedon theproportion
of correct identificationsin the two versionspresented.
Theresultsshow thattheidentifiability is greatlyreduced
(from 90 to 13%on theaverage)by the“neutralization”
procedure.Loudnessjudgmentsof theoriginal andneu-
tralizedsoundsareindistinguishablefor the majority of
sounds.Only very few soundsproducestatisticallysig-
nificantdiscrepanciesin thetwo versions,which maybe
attributedto effectsof the“meaning”of thesoundsonthe
assessmentof loudness.

1. Intr oduction

It is a well-recognizedproblemin psychoacousticsthat
non-auditory factors may enter into the evaluation of
noises,or of the sound-qualityof a test object [1, 2].
Theseinfluencesmay be due to attitudestowards the
source,effectsof familiarity, preferences,anduserexpec-
tationsaboutprototypicalproducts. Suchnon-auditory
influencesonpsychoacousticaljudgmentsaresometimes
summarizedaseffectsof themeaningof thesound.

RecentlyFastl [3] hasproposeda signal-processing
algorithmthatmodifiestheacousticpropertiesof agiven
soundso that it is very likely to becomeunrecognizable
(andthus’meaningless’in thesensediscussed),andhas
recommendedthisalgorithmto studytheeffectsof mean-
ing on theevaluationof sounds.Theadvantageof Fastl’s
methodover otheralternatives(suchasfilling thetempo-
ral envelopeof theoriginal soundwith broadbandnoise)
is that it takesboth temporalandspectralpropertiesinto
account,andis designedto preserve the temporalloud-
nesspatternof theoriginal. Thatis accomplishedby first
subjectingthe soundto a Fourier time transform(FTT),

thenapplyingsomespectralbroadeningto the elements
of theFTT pattern,andsubsequentlyre-synthesizingthe
soundby aninverseFTT [3, 4].

Initial psychoacousticapplicationsof the methodto
thecontinuousscalingof time-varyingloudness[5], and
to aselectionof everydaysounds[6] provedto beencour-
aging;however, a large-scaleinvestigationexploiting the
potentialof the methodfor conductingcomparative lis-
teningtestsis still lacking. Sucha studyshould(1) use
a wide varietyof environmentalandproductsounds,(2)
cover a largerangeof soundpressurelevels,(3) include
somemeasureof the successof the neutralizationpro-
cedure(e.g. by determiningthenumberof correctiden-
tifications), and (4) attemptto collect independentdata
on the meaningof the sounds(e.g. using the seman-
tic differential technique)to facilitate the interpretation
of discrepanciesin judgmentsof original andprocessed
sounds.Thepresentreportpresentsthefirst resultsfroma
largerstudycurrentlybeingconductedwhich fulfils most
of theserequirements.

2. Method

2.1. Participants

A total of 80 studentsat Aalborg Universityparticipated
in theexperiments.They wereaudiometricallyscreened
with the requirementthat their pure-tonethresholdsdid
not exceedthe normalcurve by morethan20 dB in the
frequency rangefrom 0.25to 8 kHz. Subsequently, they
wererandomlyassignedto oneof four conditionsspec-
ified in Table 1, so that groupsof 20 subjectshaving
roughlyequalgendercompositionwereformed.

Table1: Experimentaldesign:Tasksandstimuli.

Stimuli
original neutralized

Loudness N=20 N=20
scaling 11male/ 9 fem. 11male/ 9 fem.

Annoyance N=20 N=20
scaling 10male/ 10 fem. 9 male/ 11 fem.
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2.2. Apparatus and Stimuli

Theoriginal soundswererecordedusingaBrüel & Kjær
(PortablePULSE3560C) frontendconnectedto a mono
microphone(Brüel & Kjær type4165or 4179)placedat
appropriatedistancesfrom 0.3 to 3 m from the source.
The files were convertedto 16-bit, 44.1 kHz format to
be playedfrom a regular (RME Digi96 Pro) soundcard
theoutputof which wasamplified(BehringerHA 4400)
beforebeingpresenteddiotically to thesubjectslistening
in a double-walledsound-attenuatingchambervia head-
phones(BeyerdynamicDT 990).

Fourty soundswereselectedfor theexperimentto be
highly identifiablein theoriginalcondition:Mostof them
were non-stationaryeverydaynoises(e.g. toilet flush,
doorclosing,scissors),aboutathird of thesoundsmaybe
classifiedasproductsoundsof electricaldevicesrecorded
in their typicaluse.Thesesoundsvariedin durationfrom
0.7to 5 s,andhadoverall sound-pressurelevelsbetween
30and80dB SPL.In addition,sevenlevelsof pink noise
of 5 s duration,rangingfrom 20 to 80 dB SPL(in 10-dB
steps)wereincludedto checkfor thecomparabilityof the
subjectgroups.

The40 recordedsoundswereprocessedusingtheal-
gorithmproposedby Fastl[3] in orderto obtain40 “neu-
tralized” soundshaving identical loudness-timefunc-
tions.

2.3. Procedure

All participantsperformedthree tasksin the following
order: (1) a scalingexperiment(loudnessor annoyance),
(2) an identificationtask,and(3) a semantic-differential
rating of all sounds. For the loudnessscalingtask, the
category subdivision procedure(CS, see[7]) wasused:
Subjectswereasked to judgeeachsoundon a combined
verbal-numericalcategoryscalethatconsistedof fivever-
bal categories which were further subdivided into ten
stepsandlabelledwith the Danishequivalentsof “very
soft” (1-10), “soft” (11-20), “medium” (21-30), “loud”
(31-40)and“very loud,” (41-50). The endpointsof the
resulting50-pointscalewereverballyanchoredto denote
“inaudible” (0) and“painful” (beyond50). After a short
practicerun, eachsubjectjudgedthe 47 soundsoncein
a randomorder. In the subsequentidentificationexper-
iment, the 40 recorded(resp. neutralized)soundswere
playedagainin a randomsequence,andthe subjectwas
askedto identify thesourceby providing bothanounand
a verb (e.g. “motor - idling”). During a secondsession,
subjectsjudgedthesamesoundsusingasemanticdiffer-
entialconsistingof 12 bipolaradjectivescales.

3. Results

In this reportwe will focuson theloudnessscalingdata.
Resultson annoyance,and on the semanticdifferential
techniquewill beanalysedin a laterreport.

3.1. Pink noisereference

In orderto checkwhetherthetwo groupsof subjectswere
comparablewith respectto their loudnessscalingbehav-
ior, anidenticalsetof seven(unprocessed)pink-noiseref-
erencesignalswasinterspersed,bothamongtheoriginal,
and’neutralized’sounds.Figure1 shows that theseref-
erenceswerejudgednearlyidenticallyby thetwo groups
of 20subjectseach,andthattheir judgmentscoveredthe
entirerangeof thescale.An analysisof varianceof these
datashows a main effect of SPL,but no effect of group
membership,and- mostimportantly- no groupby SPL
interaction(at ��� � � � � ) which might have indicateda
differentgrowth of loudnessfor thetwo setsof listeners.
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Figure 1: Calibration curves: Loudnessfunctionsfor
identical samplesof pink noise obtainedfrom the two
groupsof subjects( 
��
� � each) judging the original
(filled circles)andneutralized(diamonds)sounds.

3.2. Identifiability

TheclaimthattheFTT procedure[3] obscuresthemean-
ing of asoundby reducingits identifiability maybeeval-
uatedby lookingat theoutcomeof theidentificationtask
the subjectsperformedsubsequentto thescalingexperi-
ment: For thepresentreport,only thenounsassignedto
the soundswere scoredby comparingthem with an a-
priori list of acceptableanswers.As is evident in Figure
2, FTT processingdramaticallyreducedthe identifiabil-
ity of thesourcefrom amedianof 90%correctidentifica-
tionswith theoriginal recordingsto amedianof 13%for
the processedsounds.Note that the interquartileranges
associatedwith thesenumbersdo not evenoverlap. The
effect is by nomeansuniformacrosssounds,however, as
discussedbelow.
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Figure 2: Median correct identification of the 40 test
soundsby the 20 listeners each participating in the two
processingconditions. The error bars mark the upper
andlowerquartilesof thedistributions.

3.3. Loudnessscaling

Figure3 shows the outcomeof the loudnessscalingex-
periment,the soundsamplesbeingarrangedin ascend-
ing order accordingto an instrumentalloudnessmetric
(meanstatisticalloudness;Brüel & Kjær PULSEsound-
quality softwaretype7698). It is evident that judgments
of the processedsounds(opendiamonds)largely coin-
cide with thoseof the original sounds(filled circles). A
two-factor, mixedanalysisof varianceshowedthatin ad-
dition to the(higly significant,but trivial) maineffect of
the 40 sounds,therewas no significantmain effect of
processing[ ��� � � � � ����� � � � � ; �
��� �  ! � ], confirm-
ing thattherewasnooverall differencein loudnessjudg-
mentsbetweenprocessedandunprocessedsounds.The
fact that a significant(soundby processing)interaction
[ ��� � " � � ! � � �#�$! � � � ; �&%�� � � � � ] is obtained,how-
ever, indicatesthat the pattern of meanloudnessjudg-
mentsdepictedin Figure3 significantlydiffersfor origi-
nalvs. FTT-processedsounds.Giventhelargenumberof
soundsinvestigated,post-hoctestsasto wherethesedif-
ferencesoccurhave to becorrectedfor chanceoutcomes
dueto multiple testing:This wasaccomplishedby com-
putingTukey’s honestlysignificantdifference(HSD), i.e.
a critical difference(in units of the loudnessscale)that
hasto be exceededto claim a significanteffect. For the
presentloudness-scalingdata,this differenceturnedout
to be HSD �'� � ( " ; that is - given the variability in the
data,and the numberof testsperformed- a little more
than what correspondsto half a verbal category. That
differencewasexceededfor threesoundsonly which are
marked by arrows in Figure3: The soundof an alarm
clock, thatof abuzzer, andthesoundof abicycle bell.

4. Discussion

The presentstudy investigateda novel approachto ob-
scuringthe “meaning”of sounds[3, 4] in thecontext of
loudnessscaling.It employeda largernumberof sounds,
participants,andloudnesslevels, thanprevious applica-
tionsof thisapproach.Furthermore,it usedanidentifica-
tion taskto empiricallydeterminetheeffectivenessof the
neutralizationprocedure.

Thesinglemostimportantnovel findingin thepresent
reportmaybeto haveshownthatthe“neutralization”pro-
cedureactually works: On the average,it drives down
identifyability from 90%with theoriginal recordingsto a
mere13%for theprocessedsounds(seeFigure2). There
is, however, a greatdealof variancebehindthesestatis-
tics: Our samplecontainssoundsthat arehard to iden-
tify in the first place(e.g. hairdryers,kitchen mixers),
and othersthat remainidentifyableeven after “neutral-
ization” (e.g. combustion motor sounds,the soundof
knocking).Whatphysicalpropertiesof thesoundsdeter-
mine their robustnesstowards“neutralization,” will still
have to be specified. Furthermore,even with incorrect
identification,new ’meanings’of thesoundsmayemerge.
Whetherthesearefuzzy, andidiosyncratic,or systematic
acrosslisteners,maybedeterminedby furtheranalysisof
theidentification,andsemantic-differentialdata.

Furthermore,theloudnessscalingdatashow, thatthe
approachholdswhatit promises:Theoriginalandneutral
soundsthatareequivalentin instrumentalloudnessmet-
rics via construction,are generallyalso judged to have
equalloudnessby humanlisteners.Note,however, that
this conclusionis basedon avery conservativeuseof in-
ferentialstatistics:For adifferenceto becomesignificant,
it hasto exceedhalf thewidth of a verbalcategory (5.79
scaleunits) on the 5-category scaleused. The few sig-
nificantdiscrepanciesfoundoccurwith soundsfor which
“meaning” is plausibleto have aneffect: They are“sig-
nal” sounds(alarm,buzzer, bell) which typically require
immediateactionon thepartof thelistener. Why theef-
fect pointsin the oppositedirectionfor thesoundof the
bicycle bell (seeFigure3) is presentlynot accountedfor.

Themostconvincingpieceof evidencethatweareac-
tually dealingwith effectsof “meaning”comesfrom re-
lating theidentificationdatato theresultsof theloudness
scalingexperiment: Whenwe selectonly thosesounds
for analysisfor which “neutralization”workedoptimally
( )��&� � ), i.e. reducedidentifyability from *'� � + to, � � + , we find a significantprocessingby soundinter-
action[ ��� � � � ! � � �-�.� � � � ; �/%0� � � � � ] aswe did using
the entireset of sounds. By contrast,using only those
sounds( )��1� � ) for which neutralizationreducedthe
identifiability by lessthan30%, the interactionbecomes
insignificant[ �2� � � � � � � �3�4� � � � ; �#�.� � � � ], indicating
that loudnessdifferencesbetweenunprocessedandpro-
cessedsoundsonly occur, whenidentifiability is greatly
reduced.
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Figure3: Loudnessjudgmentsof the40 testsounds(labelledalongtheabscissa)in their original (filled circles)andneu-
tralized(diamonds)version.Variability is indicatedfor theoriginal conditiononlybyplotting thedatapointsplus/minus
onestandard error of themean;in theneutralizedconditionit is of comparablemagnitude.

Given the relative robustnessof loudnessjudgments
with respectto manipulationsof identifiability, we will
next considerwhathappenswhenannoyance,ratherthan
loudnessis beingjudged.

5. Acknowledgments

This investigationwascarriedout while thefirst two au-
thorswerewith theSoundQualityResearchUnit (SQRU)
at theDepartmentof Acoustics,AalborgUniversity. This
unit receives financial support from Bang & Olufsen,
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