Impact of Source Identifiability on Perceved Loudness
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Abstract

In order to disentangleacousticaland non-acoustical
factorsin sound-qualityevaluation, a signal-processing
schemdH. Fastl (2001). Proceedingd 7thICA, Rome]
that rendersmostsoundsunrecognizablevhile preserv-
ing their temporal loudnesservelopeswas emplogyed.
Two independengroupsof subjects(N=20 each)evalu-
ateda setof 40 ervironmentalandproductsoundsegither
in their original, or in athusprocessedersion. In con-
trastto previous investigationsusing this methodology
the stimuli covereda largerrangeof soundpressurdev-
els,andadditionaldatawere collectedon the proportion
of correctidentificationsin the two versionspresented.
Theresultsshowv thattheidentifiability is greatlyreduced
(from 90 to 13% on the average)by the “neutralization”
procedure Loudnesgudgmentsof the original andneu-
tralized soundsare indistinguishabldor the majority of
sounds.Only very few soundsproducestatisticallysig-
nificantdiscrepancief thetwo versionswhich may be
attributedto effectsof the“meaning”of thesoundonthe
assessmermf loudness.

1. Intr oduction

It is a well-recognizedproblemin psychoacousticthat
non-auditory factors may enter into the evaluation of
noises,or of the sound-qualityof a testobject[1, 2].
Theseinfluencesmay be due to attitudestowards the
sourcegffectsof familiarity, preferencesanduserexpec-
tationsabout prototypical products. Suchnon-auditory
influenceson psychoacousticaldgmentsaresometimes
summarizedseffectsof the meaningof thesound.
RecentlyFastl [3] hasproposeda signal-processing
algorithmthatmodifiesthe acousticpropertiesof a given
soundsothatit is very likely to becomeunrecognizable
(andthus’meaninglessin the sensediscussed)andhas
recommendethis algorithmto studytheeffectsof mean-
ing onthe evaluationof sounds.Theadwantageof Fastl's
methodover otheralternatves(suchasfilling thetempo-
ral ervelopeof the original soundwith broadbandoise)
is thatit takesbothtemporalandspectralpropertiesnto
account,andis designedo presere the temporalloud-
nesspatternof theoriginal. Thatis accomplishedby first
subjectingthe soundto a Fourier time transform(FTT),
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thenapplyingsomespectralbroadeningo the elements
of the FTT pattern,andsubsequentlye-synthesizinghe
soundby aninverseFTT [3, 4].

Initial psychoacoustiapplicationsof the methodto
the continuousscalingof time-varyingloudnesg5], and
to aselectiorof everydaysoundg6] provedto beencour
aging;however, alarge-scalénvestigationexploiting the
potentialof the methodfor conductingcomparatie lis-
teningtestsis still lacking. Sucha studyshould(1) use
awide variety of ervironmentalandproductsounds(2)
cover alarge rangeof soundpressurdevels, (3) include
somemeasureof the succesof the neutralizationpro-
cedure(e.g. by determiningthe numberof correctiden-
tifications), and (4) attemptto collect independentiata
on the meaningof the sounds(e.g. usingthe seman-
tic differentialtechnique)to facilitate the interpretation
of discrepanciesn judgmentsof original and processed
soundsThepresenteportpresentshefirstresultsfroma
largerstudycurrentlybeingconductedvhich fulfils most
of theserequirements.

2. Method
2.1. Participants

A total of 80 studentsat Aalborg University participated
in the experiments.They wereaudiometricallyscreened
with the requirementhat their pure-tonethresholdsdid
not exceedthe normalcurve by morethan20 dB in the
frequeng rangefrom 0.25to 8 kHz. Subsequent|ythey
wererandomlyassignedo one of four conditionsspec-
ified in Table 1, so that groupsof 20 subjectshaving
roughly equalgendercompositionvereformed.

Tablel: Experimentadesign: Tasksandstimuli.

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

Theoriginal soundsvererecordedusingaBrilel & Kjeer
(PortablePULSE3560C) frontendconnectedo a mono
microphongBrilel & Kjeertype41650r 4179)placedat
appropriatedistancedrom 0.3 to 3 m from the source.
The files were corvertedto 16-bit, 44.1 kHz format to
be playedfrom a regular (RME Digi96 Pro) soundcard
the outputof which wasamplified(BehringerHA 4400)
beforebeingpresentediiotically to the subjectdistening
in a double-valled sound-attenuatinghambelvia head-
phonegBeyerdynamicDT 990).

Fourty soundswereselectedor the experimentto be
highly identifiablein theoriginal condition: Mostof them
were non-stationaryeveryday noises(e.g. toilet flush,
doorclosing,scissors)aboutathird of thesoundsmaybe
classifiecasproductsoundf electricaldevicesrecorded
in their typical use.Thesesoundsrariedin durationfrom
0.7to 5 s,andhadoverall sound-pressurevelsbetween
30and80dB SPL.In addition,sevenlevelsof pink noise
of 5 sduration,rangingfrom 20to 80dB SPL (in 10-dB
steps)vereincludedto checkfor thecomparabilityof the
subjectgroups.

The 40 recordedsoundswereprocessedsingthe al-
gorithmproposedy Fastl[3] in orderto obtain40 “neu-
tralized” soundshaving identical loudness-timefunc-
tions.

2.3. Procedure

All participantsperformedthreetasksin the following
order: (1) ascalingexperiment(loudnessr anngance),
(2) anidentificationtask,and(3) a semantic-diferential
rating of all sounds. For the loudnessscalingtask, the
catgyory subdiision procedure(CS, see[7]) wasused:
Subjectsvereaskedto judge eachsoundon a combined
verbal-numericatategory scalethatconsistef five ver-
bal categyories which were further subdiided 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-pointscalewereverballyanchoredo denote
“inaudible” (0) and“painful” (beyond50). After a short
practicerun, eachsubjectjudgedthe 47 soundsoncein
arandomorder In the subsequenidentificationexper
iment, the 40 recorded(resp. neutralized)soundswere
playedagainin a randomsequenceandthe subjectwas
asledto identify thesourceby providing bothanounand
averb (e.g. “motor - idling”). During a secondsession,
subjectjudgedthe samesoundsusinga semantidiffer-
ential consistingof 12 bipolaradijectve scales.

3. Results

In this reportwe will focuson theloudnessscalingdata.
Resultson anng/ance,and on the semanticdifferential
techniquewill beanalysedn alaterreport.

3.1. Pink noisereference

In orderto checkwhetherthetwo groupsof subjectsvere
comparablavith respecto their loudnessscalingbeha-
ior, anidenticalsetof seven(unprocessed)ink-noiseref-
erencesignalswasinterspersedyothamongtheoriginal,
and’neutralized’sounds.Figure 1 shovs thattheseref-
erencesverejudgednearlyidentically by thetwo groups
of 20 subjectsach,andthattheirjudgmentscoveredthe
entirerangeof thescale.An analysisof varianceof these
datashavs a main effect of SPL, but no effect of group
membershipand- mostimportantly- no groupby SPL
interaction(at & = 0.05) which might have indicateda
differentgrowth of loudnesdgor thetwo setsof listeners.
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Figure 1: Calibration curves: Loudnessfunctionsfor
identical samplesof pink noise obtainedfrom the two
groupsof subjects(N = 20 ead) judging the original
(filled circles)and neutrlized(diamonds)younds.

3.2. Identifiability

Theclaimthatthe FTT procedurg3] obscureshemean-
ing of asoundby reducingits identifiability maybe eval-

uatedby looking at the outcomeof theidentificationtask
the subjectgperformedsubsequentd the scalingexperi-

ment: For the presentreport,only the nounsassignedo

the soundswere scoredby comparingthem with an a-

priori list of acceptablenswers.As is evidentin Figure
2, FTT processingiramaticallyreducedthe identifiabil-

ity of thesourcefrom a medianof 90%correctidentifica-
tionswith the original recordinggo a medianof 13%for

the processedounds. Note thatthe interquartileranges
associateavith thesenumbersdo not even overlap. The

effectis by nomeanauniformacrosssoundshowever, as
discussedbelow.
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Figure 2: Median correct identification of the 40 test
soundsby the 20 listeneis eadh participating in the two
processingconditions. The error bars mark the upper
andlower quartilesof thedistributions.

3.3. Loudnessscaling

Figure 3 shows the outcomeof the loudnessscalingex-
periment,the soundsamplesbeing arrangedn ascend-
ing order accordingto an instrumentalloudnessmetric
(meanstatisticalloudnessBriel & Kjeer PULSEsound-
quality softwaretype 7698). It is evidentthatjudgments
of the processedounds(opendiamonds)largely coin-
cide with thoseof the original soundg(filled circles). A
two-factor mixedanalysisof varianceshavedthatin ad-
dition to the (higly significant,but trivial) main effect of
the 40 sounds,there was no significant main effect of
processing F(1,38) = 0.215; p = 0.645], confirm-
ing thattherewasno overall differencein loudnesgudg-
mentsbetweenprocessed@ndunprocessegounds.The
fact that a significant(soundby processingjnteraction
[F(39,1428) = 4.55; p < 0.001] is obtained,how-
ever, indicatesthat the pattern of meanloudnessudg-
mentsdepictedin Figure 3 significantlydiffersfor origi-
nalvs. FTT-processedounds Giventhelargenumberof
soundsnvestigatedpost-hocestsasto wherethesedif-
ferenceccurhave to be correctedor chanceoutcomes
dueto multiple testing: This wasaccomplishedy com-
puting Tukey’s honestlysignificantdifference(HSD), i.e.
a critical difference(in units of the loudnessscale)that
hasto be exceededo claim a significanteffect. For the
presentioudness-scalingata, this differenceturnedout
to be HSD = 5.79; thatis - giventhe variability in the
data,andthe numberof testsperformed- a little more
than what correspondgo half a verbal categgory. That
differencewasexceededor threesoundsonly which are
marked by arrows in Figure 3: The soundof an alarm
clock, thatof a buzzer andthe soundof a bicycle bell.

4. Discussion

The presentstudy investigateda novel approachto ob-
scuringthe “meaning” of soundg3, 4] in the contet of
loudnessscaling.It employedalargernumberof sounds,
participants,andloudnesdevels, than previous applica-
tionsof thisapproachFurthermoreit usedanidentifica-
tion taskto empiricallydetermingheeffectivenesof the
neutralizatiorprocedure.

Thesinglemostimportantnovel findingin thepresent
reportmaybeto have shavn thatthe“neutralization”pro-
cedureactually works: On the average,it drives down
identifyability from 90%with theoriginal recordinggo a
merel3%for theprocessedoundgseeFigure2). There
is, however, a greatdeal of variancebehindthesestatis-
tics: Our samplecontainssoundsthat are hard to iden-
tify in the first place(e.g. hairdryers,kitchen mixers),
and othersthat remainidentifyable even after “neutral-
ization” (e.g. comhustion motor sounds,the soundof
knocking).Whatphysicalpropertiesof the soundseter
mine their robustnesgowards“neutralization; will still
have to be specified. Furthermore gven with incorrect
identification,new 'meanings’of thesoundsnayemepe.
Whetherthesearefuzzy, andidiosyncratic,or systematic
acrosdistenersmaybedeterminedy furtheranalysisof
theidentification,andsemantic-diferentialdata.

Furthermoretheloudnessscalingdatashow, thatthe
approactholdswhatit promises:Theoriginalandneutral
soundsthatareequivalentin instrumentaloudnesamet-
rics via construction,are generallyalso judged to have
equalloudnesshy humanlisteners. Note, however, that
this conclusionis basedbn avery consenrative useof in-
ferentialstatistics:For adifferenceo becomesignificant,
it hasto exceedhalf thewidth of a verbalcatayory (5.79
scaleunits) on the 5-catgory scaleused. The few sig-
nificantdiscrepanciefoundoccurwith soundgor which
“meaning”is plausibleto have an effect: They are“sig-
nal” soundgalarm,buzzer bell) which typically require
immediateactionon the partof the listener Why the ef-
fect pointsin the oppositedirectionfor the soundof the
bicycle bell (seeFigure3) is presentlynot accountedor.

Themostcorvincing pieceof evidencethatwe areac-
tually dealingwith effectsof “meaning” comesfrom re-
lating theidentificationdatato the resultsof the loudness
scalingexperiment: Whenwe selectonly thosesounds
for analysisfor which “neutralization”worked optimally
(N = 12), i.e. reducedidentifyability from > 80% to
< 20%, we find a significantprocessingdyy soundinter-
action[F(11,418) = 5.05; p < 0.001] aswe did using
the entire set of sounds. By contrast,using only those
sounds(N = 11) for which neutralizationreducedthe
identifiability by lessthan30%, the interactionbecomes
insignificant[ £(10, 380) = 1.38; p = 0.20], indicating
that loudnesdifferenceshetweenunprocessednd pro-
cessedsoundsonly occur whenidentifiability is greatly
reduced.
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Figure3: Loudnesgudgmentsf the 40 testsoundglabelledalongthe abscissa)n their original (filled circles)and neu-
tralized(diamonds)yersion. Variability is indicatedfor the original conditiononly by plotting the datapointsplus/minus
onestandad error of themean;in the neutralizedconditionit is of compaable magnitude

Giventhe relative robustnesof loudnesgudgments
with respectto manipulationsof identifiability, we will
next considemwhathappensvhenanngance ratherthan
loudnesss beingjudged.
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