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ABSTRACI‘

The pereeptibility cfsmall clumps in Reverheration Time (RT), Whflrnnrsie is reproduced within recording

studiocontrolrooms, isjudgedbya mmberofsubjects. Theaimofthisstndy istodeterminethedifiemtee

limen for Reverberation Times shorter than 0.6 see which are usually mcemrtered in control rooms. The

experimmtmkplaoeinamlconh’olroomundcomistsoftwoparts:

The first was the measurement ofdifi‘ereme limen for Reverbetation Time in full scale by changingthe

amount of absorption in the room. At this part ofthe expa'iment the measwunart stimulus (music) was

reproducedtothesuhjem by oneloudspeakcr locatedintheeana infimtofthemhringconsole

Theseeondpmofflieexpa-imentwns themaaurementofdifi'ereneelimmforRavwberntionTimewith

mmmementstimuli pro-recorded intheoontml room usingadummy head andlqalayedtothesuhjects by

headphona.
Difi‘ereneeshetweenthetwn msurementswereocmparedandesflmtedaswellasthevalues ofthe

Menace limen itself.
I. INTRODUCTION

Although Reverheretion Time is not the only important acoustical parameter which characterizes the

soundfieldinaeritieallisteningspaeeasaoonn'olmom.itisthenrostimporuntforthelateportionofthe

sounddeeayintheroom.AsamdtofthistheassigrmemofjnstpereepfihledifiamesinRTiaoferucial

importnneein daigningtheaeoustics of a control room.

Seraphim [1], was the first who conducted detailed invfitigations in order to determine the difl‘erenee limen

for RT‘ Thermults whichuebased nnenoctavehandofnoise fioanOO to 1600 Hzanda leveldiiferenee

of30dB betweentheheginningandtheendofthereverbcantdecay, revealedthat:

' Forthueg'onofThetweenOfiandmOseethe value oftherelativediheneelimenGT/l‘fls

(517T) =4°/u. Changm in frequmcy and reduction of the level difi‘erence to 20 dB. had a minor

effect in the results.

- For RT<0.Gsec the difference limen increases up to a value of 12% for T=0.25ec. As stated by

_ Seraphim. below T=0.Gsee, the absolute rather than the relative change in 1‘ determines the

diliermce limen. Its value is approximately T=0.024see. A possible explanation, as it has been

givenbyhirmelf, isthatinthiscaseitistlre"duration" nfRTthatisjudged.

Henge [2], invmiytedthe "absolute paeeptfltility' of"hnmps' and "valleys" in the curve ofreverberation

vsfreqneney. Thercsults fromthis study, inwhieh onlythestatisticalportionsofthedecay werecompared,

revealed that: '

- ln genaal, the "humps" are moreeasily recognised thanthe "valleys'K

- The limen decreases for fi'equeneis below 1 OOOHL At lower frequencies the results approximately

coincide with the values found by Smphim for octave band noise haween 800-1600Hz

Thermofthispaperdaflsvdthtwnsnbjeetiveexpa-iments,whichhavebeenemiedominarealcoml

roomlocatedintheDepamneInofAcousticsandAndioEngineeringintheUniversityofSalford. Forthat
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purpose, anumherofreverberantconditions werecreated inthecontrolroomhyehangingtheamountof

absorption in it Each one ofthem constituted a different soundfield. The soundfields erased, covered a

rangefromthemostdrytothemost reverberanteonditionthatcouldbeachievedintheroomunder

considaation. Both of these experiments are explained separately and the results are analysed

. 2. EXPERIMENT 1: Full scale experiment

2.] Method
During the'preparation and the conduction ofthe experimmt, all our attention was oriented, at first, to

identify and at second, to control the posstble sources of bias related with the physical environment, the

listeners and the experimental procedure Toele [3].

1.1.1Psyehomen’chethodofMinimIChanges. Thepsychoinetric rnethodtlaitwasusedforyttingthe

DL, wasthemediodofMinimalChanges. [4].Theconceptofthismethcdisbasedintheperceptionofa

Just Not Noticeahle Differmce (Jnnd) and it Just Notioeable Difi‘erence (ind) by the human observe. The

reproduction ofthe some music sample under the inflow ofthe- each time difi'erent- absorption trunnent

ofthe room, constituted the various soundfields. The experimental process bean by setting the two first

soundfields-as fir as RT is concerned- noticeath difi‘ermt. The soundfiakh were being presented in pairs

tothe subjects, Each pair, (sch time, consisted oftheprwious and theprsartsoundfield For this purpose

it had been roqusted floor the subjects to keep the impression ofeachpresented soundfield as a refermce

fortheemnparison withthenextone. Afiertheendoftwo successivepresumtiomthesubjeet should have

reportedifhepueeivadadifl‘ermceormThedifi‘erencesinRT betweenthesucassiveprestationswas

following a decreasing orda’ until the subject reports ajust not noticeable Mermcednnd). This was the

point ofsubjective equality. Then the uperimcnter was continuing the procedure by introducing incmsing

difi‘erences until the subject reports ajrm noticeable diflérencefind). This was the aid ofthe series. Jnnd

dendgivetwodifierentmeasurements fortheDL. Thetrnelimen lit: betweaithemanditcanbereached

by averaging mum and Jnd.

2.1.2 Room, Equipment, and Music. One of the most important variabl associated with the physical

environment, is the room itself. Our control room was not treated with any special acoustical tresnnmt that

usually one encounters in modern control rooms (LEDE, RFZ etc), since that was out of the project's

objectives. Furthermore, some ofthese desiyt philosophies are associated with targeted reverberation times

in a restricted range. Our control room was a control room under commotion with all the necessary audio

equipment in it It was a rectangular room with dirnemions: L=4m. W=3.105m. H=3.192m.

Loudspeaker and listming positions were "fixed" during the experiment. The selection of the listening

position was a compromise between the monitor builder‘s recommendations and the least detrimental

position in theroom, from thepoint ofview ofmodal efiecta [5, pp. 1145]. One monitor was used. It was

a mid-field loudspeaker from Alesis (model: Monitor two), and it w placed in the cattle in float ofthe

miidngdeskatmeheignofa seated listener's ears,withits back 20cmfiomthefi'ontwall,asthe

consn'uctorsuggests.Themixingdeskwas locatedinthecumeoftheroom, whilethe listeningposition

was located in the 2/3 oftha distance from the front wall of the room with coordinates: L=2.60m

W=l.53m H=l.l2m.

The music was reproduced to the subjects by means ofthe equipment aheady existing in the control room

The experiment was conducted in monophonic reproduction avoiding the complications of the stereo
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pmanatiom.0ur intmtionwasto allowtheacousticalccupliagoftheloudspeakatothe listener through

the control room but the decision was made to avoid the acoustical intaference occurring at the listener's

earsduetcflteateessivenumbaofsignalcomponmts andpositionalresu‘ictionsthatareinvoivedinsteree
listening. [6].The program material for the tt was selected for minimal interference fi’om stueo-to—urono
conversion. During the pnesentati, the absolute and subsequmtly the relative loudutss of compared

sounds was kept almost constant at 74 dBA. ('I'here were slight fluctuations ofno more than 2 dBA).

The test material that had been selected was the first 11hats item a special anechoicafly recorded vasiou

of Handel/Barty: No. 6 Water music suite [DENON PG 6006]. and it was the same for all the

presentation. [ts duration was quhelongfllsec), morddtohelpthelistenerstc improvetheir confidence
injudganent. It was a mid tempo sample and the most ofthe fiequmcis ofthe audible spectrum wa’e
included in its frequency spectrum

The subjective test was conducted for each one of the subjects separately. The average duration for ach

one ofthe experiments was lh and 15min(rninirmnnl:10min and maxirnmn 1:20min). A total of 14

experiments were conducted on five consecutive days.

2.1.3 Subjects. The subjects who participated in the listening tat were lecturers, postgraduate students or

staff members in the Department of Acoustics and Audio engineering at the Univasity of Salford The

majority ofthelistenm's werebetweentheagesof22and30years cldandallofthemhedprevious listening

experience. (All of them had participated in other psych experiments in the laboratory). All the
subjects had normal hearing at the standard audiomeu-ic frequenci.

Detailed writtat (and oral) instructions, ahouttheexperimenlai procedureand theohjectives ofthe proij

hadbemdisu'ihutedtoall thesuhjects inordertogetthemused totheexpa'imatt Theexpaimantwas

conducted for mob one ofthe subjects separateiy.

2.2 Raulta
The number of listeners who participated in the experiment was 14 but due to the nature of the

atperimem some ofthe results were rejected. More details about the latter are in the discussion following

the analysis. The statistical analysis was basadon the mults tram six subjects and it was performed using

two different methods: A t-test, and a Two-Way ANOVA. Both of than muled the same results. The

estimated value for the Difi'ereuce Limm is, Dlfl‘erenee Linnea= 0.0261 0.022 sec

3.EXPERMENT2:Biuam-alexpeflment

Thefirstexpwimentwasrepatedushigadmnmyheadiuplaceofthesuhject.Thesebinauralrecordings

were later replayed to the subject using the same psychometric mahod Other team of the Method

remained unchanged.
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3.1 Blnannl recording method.
3.1.1 Binaural recording apparatus and set up. For the recording ufthe soundfields an artificial head

from KEMAR (Knowles Electronics Mam'kin for Acoustic mearch) was used [7]. The artificial head was

supplied with a pair ofDB-lOO Zwislocki occluded-ear simulators and DB—OSO earcanal extensions, which

simulatethear canal andthe acoustic impedenceoftheear drumanddienriddleear. Twoexternalears

(DWS/DB-Odd), typical of American and European male pinna sizes wue used. A pair of 56 inch

microphones Bruel andKjaatypeflMwereplacedintheeardrumpositionsinordertomvmthesolmd

to an electrical signal. Then each one of the microphones was connected to its associated preamplifier by

means ofa 90-degree adaptor (3&K UA0122). This adaptor was used due to space limitations inside the

head. The microphones that wee used are random incidence pressure mics with a frequency response

between 3.9 and 20m: and bothan werecalihrated overthefi'equalcy rangefi‘omfl-Sld-Iz usinga

multi-fi'equency calibrator. Their deviationfiom the dances was not more than 1 dB.

Forthereeordingofthesmmdfieldsthedummyheadwasplacedinthesamelisteningpositionwhichwas

used for the full scale experiment, with its ears located at theheiylt of a siting listmer‘s ears. The output

siyials li'om the left and right channels ofthe KEMAR were digitally recorded, through twomeasuring

pmmplifiusMZG09,ontoaTascamDA-Pl DATatasantplingrateofMJ kHLTheproyamhad

beenalrudydigitallyuansfetredwiththedshedorderintomotherDATGascamDA—SOMandit

wasreproducedintotheconuolroombymnsofflleexistingequipmnn fig, l.

Loudspeaker

 

Fing:Setupforthehinauralrecordingsofdiesoundfieltkintheeonn'olroom

During the recording of the sonndfields, great attention was giv for the Sound Pressure Level to match

thoseusedt‘ortheliveexperimcmfld dBA). Thatwasdoneformchoneofthecrcatcdsoundfields, using

digitally recorded white noise Which was including with the program in the same DAT tape. The recording

levels that were adjusted just below clipping,

Oneoftheprogramsmroyam l ),wasrecordedforasewndtimewithallthesoundfieldseqaaliaedinthe

listaiingposition. inorda'ibrdreexpefimmtertoinvesfigauetheequahzefimefieminthepqcepfionofme

reverberation For that purpose a YAMAHA GQ 1031311 graphic equalizer was connected between the

mixerandthepowuamplifierintherespunsibleforthereproductionofthe pmgi'minmdiemmchain.
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thnthcrecmdingoflhesomdfieldswucomplmmcywctemfefledinacompumfmsomefinal
adjusunmtstobemnchoolEdithwus. 1 ),Wnsusedtoeditdigitallythcmordedsoundfields.$pecinl
unwasgivmtomdutdlefimlfilcswmainodnoaudibleufifnmarchesflikeciicks.douslams,

wughs)flmtmightofierwiseafi‘wttheflstenu’sjudgm.haddifimvnywafili level matching ofall
the recordings was comidand essmtial sincethe lauds: recordingwilluiwnys sound more merme
Then,dwwmdfiddswaemmydinpahsandthmflmymmfandmamsterDATmpeJ'hm
mammpemmwasmsfmedinaCDusingnnl-flibCDR-BOOcdmcordortoformmefimlrcsult

3.2 Binaunl reproduction
3.2.! Optimization ofthe dummy head recordings for hndphone reproduction. Our target was the
dummyhend'smsmbecomeanmension oflheljslm's m.Thereme,spécinl efi‘onswetemudcfor
thcdummybeam-coordinmeummaiaspossiblethroughlheputicuhrsaofhcadphouesthnt
www.mmmnforthntwasduewexpainnna":Mmtonducethcchameofpuceptualmm
and fungus

m n—nm - nW «.5 no    

        

i..-
um“-

(c)

Flgm2:(a)and(b) mthefieqnmcy Weftheloopwhichinciudmheadphone, pim, coupla'and
the located in the an drum position mic, fut lefl Ind right channels mpecfively. (c) and (d) are their
«impending equalized fiequmcy respoms

Prcfiminnryuiflswmmdeinmdummtmcqmfityofflacmdingwhmhismduudvia
hudphoncs.Inmwialsonlyanemusicmofifwasusedandthgsubjectwastheezqm-imhimseit
Theresultswwcquitcdisappoinfingfhacwasalackofbassandmidficqmiaanditwnssoimdedtoo
distamfiomthesommdnotsowefl-balancedbetwemthelefimdfigmm.
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That was by nomus an accurate representation ofthe live evmt. The frequency response ofthe closed-

loop which includes the hmdphone, pinna, couplu’, mmsnring amplifier and the located in the ear drum

positionmicrophoneforarchoneofthelefiandrightchannelsoftheKEMAR. confimisthatretmrk.

[fish (a) and(b)]. Our attention was oriented to the equalization ofthis closed loop in order to achieve

a flat fiequency response. The considerable lea-right asymmetry in the response ofthe dmnmy headm

compemated by radiating MLS noise throughthe headphones and afierwartbby adjusting the measuring

amplifiers. Theequalizntionprotms was made separately forthclefiandright channelsclosed loops ofthe

KEMAlL The resulted fi'equency responses are shown in (Fig. 2., (c) and (4)].

Alter the above equalization the sound image was much improved. Although still slightly more reverberan:

than the live event, the, reproduced music sounded ahnost natural and all the Frequencies were present.

Bearinginmhrddmtherecordingsoundedmonreverberamthantllflveevengwemadetheassumption

thatmybethedummyheadpieksupmorerevubaamaiergyflianthemicrophonewhichwasusedfwde

objective measuremts inthedunnny head‘s position. Inordato investigate that, apart fmtnthe objective

measurements, inwhicha MK4165 was used located inthe dummy head's position, RT measuranenn

wereconduetedintheroomforcachmeofthesomdfieldsusingasamicrophonetheonelocatedinthelefl

earofthedummyhead.TheresultsdidnotcmfirmthatassmnpfionTheRTmeasmedweresflgidylower

than their corresponding values measured with the other microphone This is not surprising since the

presence ofthe pit-ma restricts the exposure ofthe dummy head’s microphone in to the soundfield. Placing

thedumnryheadclosertodiesoundsomwasaremedyforthatwhichwasrqiectedfl]. Keepingthc

Iistmingpositionthesarnefmbothdiebinaunlandthefilflsealeexperimentwasconsiduedimpmamfor

themmparisonoftheresultsfiomhoththeexperimmts.Ontheotherhandthiswouldbeh'ueforallthe

recordedsound fieldsandsinoetheexperimemalproeedure involves comparisons between soundfields, it

wasconsidered that itwouldnotafi'ect the malts.

3.2.2 Reproduction ofthe Dinar-ally recorded sonndfidds over headphones. A Micmmega stagel CD

player was used for the reproduction ofthe binaurally recorded soundfields.

Groom Eamlizer
VAMAHA
GO lDSlBll

Gmphk Equalizer
YAMAHA
GO IOEIBH

 

"lawnqu siege V

Figure 3: Set up for the binaural reproduction of the bimurally recorded soundfields
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Theoutpm signalsfi-om thelefl andrightchannels oftheCDwueled, viatonAMAl-IAGQ 1031311
graphic oqualinrs, in to the lefl and ridn inputs of a SAMSON Q5 headphone amplifier, in which a pair
of Beyerdynamie DT-77O headphones was connected. [fig 3]. The closed-loop (Headphone - pinna -
coupler ) frequency responseoonomion, forewhoneofthe KEMAR'S channels, had hemmedtothe
settings ofits corresponding equalizer.

Attention was paid in matching the average playback levels of the headphones, measmed at the eardrum,
tothose used forthe liveexperiment (MdBA). This was done hypmtingflreheadphonesonto the KEMAR

system and adjusting the playback level of himtn-ally recorded white noise until it nutehes the levels
measmedliveintheroommingthesameappmms.

3.2.3 Testing pmoedure-‘l‘estmateflal. Thetest materialoonsisted offivedifl'aent programs. Allofthem
werepassages fiamthefallowingworlrswithanaveragedmfion ofeight see: '
ngam 1: Handel/Hasty: Wat: music suite Mid tempo classic music

Mfllinka: Overture - “Ruslan and Lyudmila” Fast tempo clash: music

Program 3: Debussy: Prelude a l‘ aprs midi d' un Faune Flute solo classic music

Prom 4: Red Hot Chili Peppa‘s, “Funky Monks“ Mid tempo sliyrtly reverberant Pop music
m; was the program 1. recorded with the listening position equalized.
Theproy-amsdifi'erinstyletenipomdfiequency spectrumThereasonwhyfivedifi'erentmusicmotifs
wereseleetedastestmatn'iaL wasinordafortheexperimentertoiuvestigatedieefi‘ectofmusie stylein

the perception of reverberation.

Thepsyehomeh-iemothodandthetesfingpmcefiuewuekeptthesameaathosehthehwexpnhnmtl‘he
soundfieldswerepnsente'dinpahstotheflstenerforA-BcomparimTheselecfionofthefirstprsemed
soundfield of eachpairhetwamthemosoundfielck-manbers ofthe pair. was decided toberandom. The
timeimavalhetweenthemwasnotmorethanonesec.

Eleven listeners participated in the subjective test which took place in a listaiing room ofthe Dept. of

Acoustics and Audio Engines-lug, in Salford University Detailed written and oral imtructions wee given
to the listeners explainingtbetating procedure, drawing their attention to dotheirjudgements only with
regard to the paoeption of revaheration. Prefauwe evahiation ofthe presented sound fields for each one
ofthepmgramswas alsorequiredfi'omdielistenas.

The listming test was conducted separately for each one ofthe subjects. and it was presupposing the

presentation ofthe whole set ofpmgrams to each one ofthem. The average test duration was 35 min for
the whole set of five programs.

33 Rank: '
The collected results from the subjective tut were statistically analysed using the Analysis Of Variance
(ANOVA). Three factors was chosen to be testetmMend Suing of which the factor

Subject was considered random, since it represents a sample from the whole population oflisteners. For
this purpose a Three-Way Analysis OfVan'anoe, was anployed totest the significance ofthe iota-actions
between these factors, as well as the significance of each one of the factors itselti Unfortunately in the

matrixwhicheontainedthewholesetofdatafi’omthe ll sabjects,therewuemissingoellssimesomeof
theresultswererejeeted. Thfiemummpondtosubjeaswhonponedthatflieyperoeivedadifi‘ermoe
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at the point of objective equality, for a particular music program. Only a s3 of five subjecs gave valid

results for all the music programs. The easy solution was to useonly the set ofthose five subjects for the

stafisticalanalysisandtherestmberejected Wedecidedtousethewholasetofdatadoingthefollowing

assumption: For a particular program (pop music), all the results fi'om all the subjects were valid. It was

decided a 3-way ANOVA to be performed for the complete set of those 5 subjects and a 2—way ANDVA

for that particular program using all the subjects. The factors for the 2-way ANOVA wue Subject and

Direction, andtheobjecfivewaswtestthesignificanceoffltese factors. lfresults fi‘omlhisanalysiswere

not diffaent. fi'om the aforemmtioned 3-way ANOVA,(as long as the significance of these factors is

concuned), then we could assume that this five-set of data is rqaresaitative ofthe whole set The results

from the 2-way ANOVA, revealed no difl‘ercncc from those in the 3-way ANOVA and comequently the

above table ' is considered represtative ofthe whole sa ofdata. The estimated values for DL for each

.. of ,,,, 1 . “in.” 1 , .4 with...“ His ,_ ,, 5

nLt‘L“:73
Table 1:Averaged values tor jnnd. jnd and DL, from the whole set at data (1 1 listeners)

     

 

  

  

   

  

4. DISCUSSION
4.1 Full scale experiment
A number offiactora related to the experimental procedure should have been predicted and controlled, since

they might be possible sources ofbias to the expa-immtal rult. The most important ofthern were the

inevitable big time intervals betwem the sucemsive presentation-a. The expuimenter had to change the

amount of absorption in the room before each one of the presentations That was prisupposing the lining

and the precise ofmany absorbers (especially in the first big presented diffm'enoea), located

outside ofthe room. Thus, the time intervals were proportional to the changes in RT. ( 15 min in the

beginning of the seri, and about 4 min at the critical region where the small difierutces in RT were

judged). Thaefore. the listmers had to rely on their "acoustic manory".

Ammuimpommfactmisflmgbecausethmewerevisual effects, bdwemfltepresemafionsthelistener

waswaitinginanadjaccmlisteningroom(withouthstanngmmmusictandbewasbeingledtotheeontrol

room with his eyes covered by a mask to avoid visual cues. Thus, theta-st was a "blind" test from all the

pointsofview.

A possible source of bias was also the fact that since the experiment was conducted separately for uch

one oftha listeners, the soundfielch created in the listming position should have been exactly the same for

each one of them. But the creation of each soundfield requires precise placement of the absorbers in a

minimum, as possible, time Although special amnion had been given to this factor, we can‘t guarantee that

all the listeners were subjects to "exactly" the same soundfields. The average variation between

corresponding soundfields during the conduction of the experiment. was etiolated. in term of standard

error, as 0.0037 sec, with a maximum of0‘0067soc and a minimum of0.0023 sec.

The statistical analysis revealed that the factor Subject is non significant. For the sake ofthe statistics, that

factor was considqed “random”, since it represents a sample fi'om the whole population of IIS‘WS.

7B Proc.l.O.A. Vol 20 Part 5 (1998)



  

Proceedings of the Institute of Acoustics

THE PERCEPTION OF SMALL CHANGES IN MENTION TIME WITHIN
RECORDING STUDIO CONTROL ROOMS '

The factor Direction is significant at the 10% level. That is a weak level ofsigrificanee but it still means
that the jnnd value is significantly different from the value efjnd. The latter implies, that the error of
expectuion isgreaterthantbemor ofhabituation; butthatisaproductoftheexperimentalmethod. As
a result ofthat perhaps it would be dangerous to average thejnnd andjnd values in order to obtain a single
figure for the DL, but as it has been mentioned above it is considered sensible for the true limen to lie
betw them. Its value is the average ofthejnnd and jail valus.

The value of DL, for reverbmted noise as it has been estimated by Seraphim is approximately,
0.024sec.0ur estirrtatedvalue, forrevaberated music is 0.0265ec varyingbetween 0.0039scc and 0.048sec.
The confidence limits (standard error), whieharea measure ofspread, are in theorder ofdieDL itsell'and
reflect the influence of all those mentioned before factors (his time intervals etc.) to the resulted variance.
Butthis is notsurprisingandnot far fi‘omwhatunewouldexpectfiomfliatsort ofexperiment Oinresults
are very closem Seraphim oonsidfiing the ditfaent somcesignals. It is well known that music comists of
transient sounds anddifi'emrt fiequeney bands. The on that the listeners had to rely on their “acoustic
armory” in combination with the transient nature ofthe music is a mirror ofthe experimanal result. It is
possible that transient nature of the music to be imerpreted by someone as a subject under continuous
change. Consequemly, and especially when small changs arejudged, he might report that he paceived a

changeoven ifthatchangedoes notexistsobjectively. Itis noteworthytlm, insomecases, this wastrue
even when his differences werejudged. That was the reason why some of the subjects were rejected. In
addition. doing comparisons betweui successive presentations, the subject’sjudgunmt should have bear
due to an overall impression; but that does not eliminate the possibility that their judgments may be
influencedbyamostprominentreverberantdecayofe partieularfrequeneyband. lnourequ-imentthe

malted reverbmtion curves were not flat ova the frequcy spectrum. Most ofthan had “humps” and
“valleys”. Consequently the reverberation decay was difl‘erent for each individual li'equency band. The
latter, in combination with the humn's limited acoustic memory and the evidmce that the “humps” are
moreeasilyrecogfisadthantheMllcysHs Plengepointed out. miglnleadthelistmertoreportachange
eventhong:inthe"absence"fimnbismmtoryofthefirstpnsentedmenbaofulepairundacomparison.

4.2 Binanral experiment
TheBinaural experimentprovided much better experimental control, allowingrapid subjective cunparisons
to be madeas opposedtothe full scaleexperirnent. Thetimewhich was required for-the completion ofthe
binauraltestfora singlelistmerwas muchlessthanthattotheml timem Tlnttimewas estimated to
be9l % lscomparedtotheraltimeone.

FactmDirectionwasfoundtobesigiificamatthe25%leveLbutthisisaproductoftheexperimemal
method.

Testing the significance of the (Subject x Direction) and (Subject it Program ) interactions. some
discrepancies were observed. Thus, as far as the inmction betwem Subjects and Direction is coma-nod,
the calculated F ratio revealed that they are significantly difi‘erent at the 2.5% level of significance. That
is in contradiction to the mult which is concluded from the graphic reprtsentation between these two
factors.

A general procedure for drawing such a graph is to reprsem the levels offactor Subject as values on the
x axis, making a separate curve for each level of fictor Direction (Fig, 4). The yaph revealed that even
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thoughthelinesdonotcross, thereis someinteractionduetoonesubjcctzl’l’. Inasimilarway, whilethe
calculated F ratio revealed that there is no inter-action between the factors Subject and Program, the graph
shows tltetltsetwofactorsintfiactfiig4). Anettplanationaboutthesediscrqmncieshasbeatgivenby
Ferguson [9, pp.32|]. He pointed out, thatin a triple classification case for a “mixed” model with one
observation per cell, no unbiased tat ofdifi‘u'encs baween Subjects, or into-actions in which the factor
Subject(rnndomfactor)is involved, canbemade. Probably, byrepeatingtheexperimmt forsevmltims,
these discrqaancis would be eliminated and more accurate statistical mults would be obtained. But apart
fromthepoint ofview ofstatistics, the scientific rather than the statistical importance ofthe interaction is

usually at issue.
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Figure 4:Graphic representation of the interactions Subject x Direction and Subject x Program

The meaning ofan interaction betwem the factors Subject and Direction is, that the perception of ajnnd
or jnd is different for different subjects. The error of expectation is also great: than the error of

habituation, but as it has best stated above this is a product ofthe experimental method. Hence, evm in the

presence ofa possible interaction between these two factors, the true limen lies between them. As one can
see in Fig.4, even the rtsults from PP verify the above argument

There is a possible interaction between the factors Subject and From which manifests that the efi‘ect of

‘ different programs. in the perception of small charms inR'l“, is differmt for different subjects. This is not
surprising and it was reported by some of the subjects as well. They found it easier to hear diflaenees in
RT during the presentations ofprograms which were faster or more " impulsive" than the others whee the
masking effect of the longer decay was more obvious. These was the programs (1) and (4). Program (3),
although it was a flute’s solo, did not attract the listener‘s “satsitivity”, probably because of its “legato”

ster Finally, some listeners were more sensitive in the perception of a DL. to the equalized version of
program I, then the unequalized one. Nevertheless. there is no obvious direction of the listener's
"sensitivity", to a particular program.

Although statistical analysis revealed that the factors Subject and Direction are not significant, unbiased
conclusions are diflicult to make about these factors, since both of th are involved ill a possible
interaction

As we have seen so far, theperception cfsmall changes in RT seems to be depatdent on subject and music
proyem. Furthermore sincethe factor subject was considered random, the assth ofseparate limens
for each one of the subjects would be extreme. Consequently, the values of DL for each one of the
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prognmsmouldbeohtninedhyava‘agingscmssmncfionand Subject(Tah1e1).Asonecansoefi-om
Table1.,thcestimatedDLwhmformhdifi‘mproyammclosemughsomwuldwnchdedm.
impracticalpurpchthnttheeflactofmusicpmgmmhaslinleinflumoehtflnpemeptionofsmau
ohangesinRT.Hmbyavmgingacrossallthcprogram,menouldobtainasinglefiyuefortheDL.
mis,nn=o.os1ao.005sec

5. CONCLUSIONS
The limited “acoustic tummy" and the transit!!! nature ofthe ,sounc sigml (Music). wue the most
decisive [isms indie perception ofsnnll clunys in Reverbetation Time within a camel room. Both of
them are unfortunately byword: fox “imacflainty” in judgment, for that saw! of experiman. That is
somahingdntwasexpmsedhythesuhjemaswelLInafuflsuleexpaimfluncenainty,iaafictor
WhichmightleadnntneccssurilytohigherDifierenoeLimens,buttosmlllu’DLaswell.Ontheothuhand.
bothofthesefncwrsuevayappmintherenlworldforeveiysoundengineerandtheirinflumis
reflectedtlnoughthevarianceintheexpu’imunalmult.

ThestimatsdDLfi'otnfliefiillscalaexperiment,bearinginmhiddiemiemaammqfthemusiqliss
hetwemtheexpected limitswhile, inouropinion, thcmostreliablevalue forthai sonofexperiment, is
mrdstotheamssecdirecfimThelmetwasalsownfimsdfiumthebimumlexperiment’sresults.
mhmmmammfldmmnhwhgmeflsmofmemmmm
acoustic manory.cha1helcss,thencn-smdynauueofthemusicseanstobecrucialinthepuccpfim
of small clings ichvcrberation Tim: forboththe emerintents. TIncstimated Difl'uenoe Limen was
higherthanthatfi'oniSeraphim'sexperiment,butwithintheexpectadlimitsfiakingintoacwuntthe
difiuentsnurcesiyial. Tosummarimtheiransiem nature of themusicmulsudegnding capability of
menstminmepacepfimofsmflchangesinkwabuatimeThaefore,inordm-mportmythe
influence ofall the aforcmnntioned futons from both ofthe experiman to the final mutt, one could obtain
asinglefigurefortleL,hyavexagingacmssthccsfimatedDLvnlusfiomflmetwoexperimmts.Thus,
fluovmflDiflemceLimui is, 0.04M.0]5uc.
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