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Therole of spatiotemporal and spectral cuesin segregating short
sound events: evidence from auditory Ternus display
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Abstract PreveYs stUdes Ysng aldtery seqUenses
w th rap d repett sn @ tenes revealed that spat stemperal
sUes and spestral sUes are mpertant ¢Ves Used te  Use or
segre gate selnd streams Hewever the pereeptVal greUp

ngwas part plly dr ven by the segnt ve presessnge the
perod sty eUes @ the lengseqUenee Here we nvestigate
whether perseptlal greUpngs (spat stemperal gelpng
vs reqUeney gelpng selld alse be appl sable te shert
ald tery seqUenses where ald tery perseptal organ zat mn
5 ma nlY sUbserved by lewer levels @ perseptlal presess

ng Te find the answer te that qUest mn_we ¢end Ysted twe
exper ments Ysngan alld tery TernYs d splay The d splay
was sempesed @ three speakers (. an®™, w th eash
speaker senscel vely em tt ngene soﬁnd sensstnge twe
rames ( _ and®™,  xper ment 1 man pYlated beth spa

tal and tcmporz& asters We mplemented three .w thn

rame ntervals’ (W K _er ntervals between and_ _and
between . an® ™, seven . nter rame ntervals’ (I}l"s_ or
ntervals between and 9, and twe d1 erent speaker
layels ( nter d stanec @ speakers near er an,  xper ment
2 man pYlated the d1 erent at ns @ reqlens es between
twe ald tery rames_ n add t »n te the spat mtemperal ¢Ues
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as n xperment 1 L steners were reqYred te make twe
alternat ve ersed she ses (2 ®F, te repert the persep
ten @ a gven TernYs dsplay element met mn (alld tery
apparent met ®n rem seUnd te_ ™\ er greUs met mn
(ald tery apparent met n rem se'nd . 2 10 & The
resYlts nd sate that the perseptVal grelpnge Asinrt ald
tery seq Uenses (mater nl zed by the perseptYal des 5 mns o
the alld tery Ternls d splayy was medUlated by temperal
and spestral eUes w th the latter sentr b% ng mere te seg
regatngald tery events Spat nl layelt plays a less rele n
perseptlal ergan zat mn These reslits seUld be asselnted
or by the .per pheral shannel ng theery

Keywords PereeptUal ergan zat sn Temperal ¢Ues
Feqleney Udtery TernlYsdsplay

Introduction

Perecptlal ergan zat wn has a streng e cet en hew we
hear the werl®®~ Usaek an®~arlyen 2 ) In natYral and
sempl sated acelst ¥ secnes we o ten hear seUnds ema
natng rem var Y seYrees Hewever we have the abi
ty te read 1y attend and dent1y beth a spesfis_s mple
alUd tery ebjest and mere seph st wated ald tery streams
Ths 5 assempl shed w th m nmUm nter erenee rem
anY baskgreUnd d straster ald tery nplts The presess
e separatng a target ald tery event er ald tery stream
rem these d strasters was first Understeed as the ,sesk
tai party preblem’®~herry 195 8  terward_ ths phe
nemenen spawned extens ve stUd e~ eeper and Reberts
2 , Denham and Wnkler 2 6, Takegata et al 2 5,
Yabe etal 2 1y

The .sesktal party preblem’ has been mest semmenly
nvest igated threUgh the Use @ semplex ald tery ssenar »s
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and pereeptYally Yneertan ald tery st mUI®~Usack 2 5,
Pressntzer and HY 2 6, Szal rdyetal 2 1 $ Sm1
lar te the presesses related te v s »n_there are semmen
prne ples o perseptlal ergan zat wn w thn the ald tery
deman The d1 erent perecptmns @ aldtery bistabi
ty were mUttally exslUswve ash perscptmn catlres ts
ewn randem zed dYrat mn d str bVt mn (Kende et al 2 12,
Pressntzer and HYs 2 6, meng the many d1 erent
types @ st mYlYs presentat mns _the . st mYYs para
digm’ has been ene @ the mest popalar parad 1igms Ysed
n the stUdy e ald tery seene analyss ( S ) (, regman
an?‘ampbcll 19 1,_ regman 199 , Fllgabe and Meere
2 12y In ths paradigm_a seqYnee o alternatng tenes
san be peree ved as e ther ene seherent stream or twe sep
arate streams_dU te d1 erenses n the eatYres (temperal
and spestraly between the and_ selnds Br example
when seqUenses had slew tene rates and er small p teh d1
erenses_part © pants heard the seqVensee as ene perseptlal
ebjest or a snge aldtery stream a snge tene rsng
and allngever tme When the seqUenee was aster eor the
ptsh gap was w dened_ part s pants heard the seqYense
as twe streams_1¢ ene tene rsngand allngw thn the
high range and ene tene de ng the same w th n the lew
ran ge (; re gman an®~ ampbell 19 1, regman 199

In an parad 1gm _the task @ selnd segregatmn s
related te %w separat mn and perseptUal bndnge selnd
ever a perod @ tme _ ased en extens ve psYshephys 1
sal researsh n h%mans _ regman (199 ) prepesed a d s
tnetwn between .prmtwve’ and .sshema based’ pre
sesses n S ssord ngte_ regman (199 \ the ermer
(rmtvey 5 a data dr ven p%cnomcnon that sens sts @
pre attent ve ald tery presesses that are beth altemat s
and ebligatery In these .prmtwve’ presesses di1 erent
aseUst s attr bYes (sUsh as reqUeney separat mn_ p teh
tmbre and spatnl lesat mm are mpertant eYes n S
(MR~abe and Benham 199 y wh sh all cemb ne te trig
ger a bettem Up presess mengthese s¢Yes spat nl lesa
t®»n was theUght te play a sesendary rele n the ermat »n
o the ald tery streams (Barw n an® ~arlyen 1995, @xen
ham 2 ) Temperal seherense (the nter tene nterval
enset tme o the ald tery seqUense, has the petent nl te
ae{tate enc seherent ald tery stream (; ee and K1Ymp
2 5, Khman etal 2 1, Shamma et al 2 11} Spes
tral er tenetep s sentrasts san alse be Ysed n stream
segre gat sn(Shamma and M sheyl 2 1y n whsh re
qYeney te plase mappng 5 Ysed as a g'd ng anatem wal
and Unetwnal prne ple w th n the ald tery system ( gg
erment 2 1y The prmtwve presess sUggests that S
plays an ntrns s rele n the ast ve and flex ble perseptVal
explerat mn @ the aseYst ¥ env renment It alse helds that
the perseptlal des 5 mn teward the ald tery stream ean be
very ast( nstsand Sada 19 5,; regman 199 , Penham
and Wnkler 2 6
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The sehema based ssene analyss_en the ether hand
re ers te pereeptlal grelp ng presesses that demand h igh
level segntve npYt and are nfl Yeneed by the 1stener’s
attent mn and pr »r expestat sns based en prev »Ys learn
ng( er nstanec_per »d sty n ermat»n as a higher level
o knewledge, Hense a sshema based analyss 5 a tep
dewn presess (( regman 199, @n a gwven tral_1steners
ntally perse ve ene stream_and enly a ter several ses
onds @ bUidUp dees the pattern o altcrnatngg tenes spl t
nte_twe d st net streams ( nsts and Sada 19 5,_ regman
19 y Mest stU'd es senserned w th the bUidUp @ the per
scptYal ergan zat mn have ene key assmptmn_ 1e _ that
all seUnds are eens dered te be part @ ene stream_w th an
ntal de allt eeherenee pont The aldtery system then
se gre gates seUnds nte separate streams when enelgh ev1
dense has been aesUmUlated by the ald tery system ever
several sesends (%icgman 199, Thee est®@ bUYidYs n
leng ald tery seqYenses Uslally essUrs at a later and less
altemat ® stage @ presessng (Snyder et al 2 6, In an

paradigm_segregatmsn o seUnds s 1kely te begn
n the alld tery per phery and sent nle at least te the pri
mary ald tery sertex eor smple sUes sUsh as plre tene
reqUeney bl at stages as high as the seeendary alld tery
sortex or mere semplex ¢Ues sUsh as permd sty pteh
(Snyderand lan2

The Un eldng e the leng seqlense prev des a greater
nUmber @ semplex e¢Yes sUsh as per md ®tY n ermat sn_
and hense d m nshes the ¢ estveness @ drestly testng
whether perseptlal ergan zatsn s be ng dr ven mere by
bettem Up related ald tery eatYres (largely mmUne rem
perod sty n ermat mn and n the absense o h igher level
attent mnal and segn t ve npls,  Frthermere n the
st mY1Ys parad igm_whether a part ® pant hears ene stream
or twe streams & net s mply a matter @ the st mY1Ys shar
aster 5t s and the ameUnt @ t me that has passed s nee the
begnnnge the seqUense

Rather_stream ng may be a dynam s presess by wh sh
representat ns er d 1 erent perseptYal sellt mns sempete
PUrng the presentat sn_cash tene petent nlly serves te
mask a sUbseqUent tene and ast as a s 1gt1381 tene ellew ng
a presed ng mask ng tene (3 calves 199 , _ calves and
Medds 1991 1996, IBhman et al 2 1, ﬁartmann and
Jehnsen 1991, MR~ abe and Penham 199 y Ths maskng
phenemenen peses a rsk @ blY%r ngthe beUndarye ald:
tery stream se gregat mn and makes t difiellt te p npe nt
a petent plly early pereeptlal dessmn (.vetngy teward
the segrecat mn @ an alUd tery stream Nevertheless  nves
tigaten e the altemats and qYmk natVre o pereeptlal
des 5 mns abeYt alld tery ebjests 5 mpertant Stream seg
re gat »n takes t me te @s¢'r wh sh may hamper adaptat mn
n natY%al settngs_ n s tlat wns where the rapd parsnge
sends nte streams soUld be an mpertant prereqUs te eor
sUrvval  better Understand nge hew the aUd tery system
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sheeses whether perscpt mn w il sens st @ ene stream er
twe streams w 1l 1 kely n erm meshan sms @ persept sn
wth mplsatens er ether sensery medaltes sYsh as
VB BN
S mply stated stream ng san be slass fied as a b istable
pereeptUal phenemenen wh kh mpl es that an mpertant
aspest @ streamng n addten te the segegatmn and
bUid Yp presesses 5 hew the nervels system des des at
any pe nt n t me what the perseptal exper ensec @ the 15
tener 5 (1€ _.vetng) des 1gn that Uses a shert ald tery
seqUenee whie at the same t me mantanng the natle
o pereeptlal Uneertanty eelld meet the exper mental
reqUrement @ expler ng the petent nlly rap d perseptlal
erganzatsn e aldterystmYi Te ash eve ths_n the ¢l
rent stUdy we attempt te e¢Us merc Upen ntal prmtve
stream segregatmn presesses by Usng amb iglels shert
ald tery seqUenees (el ® t ngb istable persept mny that pre
vde lttle 1 any permd sty n ermatsn The .bistable’
pereept »n was assUmed te be altemat s and less sUbjest
te vel 1 mnal sentrel (W nkler et al 2 6, Te address the
ssUe @ ald tery perseptlal ergan zat mn n a shert alld tery
seqUenee we have develeped a new parad 1gm knewn as the
ald tery TernYs d splay s ngth s parad igm_we have alse
exam ned the reles @ spat mtemperal and spestral ¢les n
terms @ segegatng seUnd events w thn a snge Ynried
des 1ign
The alld tery TernUs d splay s analegels te v sYal Ter
nY% dsplay (TernYs 1926, ( B2 1) In a typsal TernY
d splay_ apparent metsn 5 predUsed by presentng twe
seqUent nl vslal rames Here eash rame senssts @ twe
her zental dets When everlad_the twe rames share ene
semmen det at the senter When the spat nl senfi glrat mn
5 fixed  ebservers typsally repert twe dstnst persep
tns dependent en the nter st mYlYs nterval (ISh These
are knewn as .clement met®n’ ( My and . grels met mn’
(GMy Shert ISIs UsUally gwve rse te the perscptmn e
M In ether werds_the eUter dets are perse ved as mev
ng whie the senter det appears te rema n stat s eor flash
ng In sentrast leng ISIs gve rse te the persept sn o
GM In ether werds _the twe dets are perse ved as mevng

(a) Space _ (b) Space R
Frame1 Frame1i
Frame2 Frame2

Time Time

Fig. 1 The TernUs d splay Twe pess ble met mn pereecptmns a M
or shert ISIs w th the middle disk perse ved te reman stats_wh ie
the outer disk s perse ved as mevng rem ene sde te the ether
b GM er lengISIs_w th twe d sks peree ved te be mev n g te gether
asa gelp

te gether as a grelp (Kramer and Yantg 199 , Pantle and
Pse¢nne 19 6, Pantle and Petersk 19 y Spatnl grellp
ng (1e . wthn rame geYpng and temperal grelpng
(1e _ asress rame gelpng aseltatng GM and M,
respest vely have been the dem nant theer es Underlyng
the mYUtYally exelUs ve persept sn @ TernUs met mn ( Ydin
etal 2 11, He and @e 11999, Kramer and Yants 199 ,
Peters k and R se 2 , Seett SamY] and Hess 2 1, Wal
lase and Seett SamYel 2 |, We teek the v 5Yal elements
or ald tery Un ts (.wh te ne 5¢’ or .tene’ _played by three
speakers w th nearly the same eenii gUrat mns (exeept er
m ner temperal dspartes n the wthn rame elements
see “Metheds™ te sempese the ald tery TernYs d splay

There ore the alld tery TernUs d splay san be vewed
as a smpl fied demenstrat sn shewn threUgh a presenta
ten @ ashert seqUenec @ tenes Here sharaster st ss sUsh
as nter tene ntervals and ether spestral eatYres_sUsh as
reqUeney d1 erentnt ®n_san be man pYated n erder te
nvest igate the reles @ spat stemperal and spestral ¢Ves n
segegatng seUnd events Prthcrmorc_ the ebservat mns
o perecptlal geYpngs n an ald tery TernYs d splay (1
ex stngrebUstly, welUld extend the general gevern nglaws
o perseptlal greUYpng as shewn n the vslal and tastie
TernUs d splay®®~henetal 2 1 , Harrar and Harrs 2

Spesfisally we sendYsted twe exper ments  xper ment
1 exam ned the persept »n @ ald tery apparent met »n as
a UYnetwn @ the nter rame nterval (I F In add ten_we
var ed the spatnl d stanse @ the speakers te exam ne the
nfl Yenee @ spat ol lesat mn  xper ment 2 nvest igated the
relc @ aldtery reqUenees n medYatng the perecpt mn
o aldtery Ternls met mn

Experiment 1

xperment 1 was earred oY% manly te nspest the rele
o temperal gelpng n segregatng seUnd events n shert
aUdtery seqUenses Twe sUb exper ments were mple
mented n xperment 1  xper ment la (senter te senter
d stanee eor speakers 5 emy and xper ment 1b (senter te
senter d stanse eor speakers 25 emy n wh sh all the stm
UUs eonfiglrat sns were dentsal exeept eor the spatal
layoUt @ the speakers Hense we san alse ebserve the
¢ ecste the spatnl lesat mn

Methods
Part s pants
®Urteen UndergradVate and gadYate stUdents (ol

emales_aged between 2 and 3, average age 2 9 Years
part s pated n  xper ment la Twelve UndergradVate and
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gradVYate stUdents ( @Y% emales aged between 21 and 25,
average age 2 31 Yearsy parts pated n xperment b 1l
part s pants reperted hav n gnermal hear ngand were na ve
te the plrpeses @ the stUdy The exper ment was per ermed
n sempl enee w th all nsttYtmsnal gldel nes set by the

cadems  ar® emm ttee Department @ PsYshele gy
at Pekng Thversty

pparatUs and StmUl1

Three hambYr ger m n1speakers (BK 6 1_d ameter 36 em,
were plased her zentally en a desk (see kg 2a The
senter te senter d stansees between the speakers were set at
5 em n xperment la and 25 em n xper ment 1b

men ter was plased beh nd the speakers  nermal ®~
nter ased w th a seUnd sard (RM ke ase UK, was
Used er all stmYl1presentat mn_ nstrlst sn presentat sn
(wWth 1 ne®~RT men ten and data sellest mn (by key
pressy The semplier pre gram Used te sentrel the exper1
ment was develeped w th Matlab (Mathwerks Ine) and the
Psyshephys ss Teelbex ( ranard 199 , Pell1199y The
test sabn was sem 1aneshe » Ne 11ght was present_exsept
that wh sh was em tted by the men ter The vew ngds
tanee was setat  em

The ald tery stmYl 1eens sted @ o' seqent nlly pre
sented dentsal5 msblrste whienese(65d, ) te gener
ate ald tery apparent met »n The n t nl ne se was prev ded
by the first (flanken, speaker The sesend and th rd ne ses
were generated by the mddle speaker The elrth ne se
was em tted rem the thrd (flanken speaker The first twe

and final twe seUnds were treated as twe rames The I F

was the nterval between the @ set @ the sesend tene n
the first rame and the enset @ the first tene n the sceqnd
rame (see K 2by The I Fwas shesen between 5 =
11 /1 1 2 and 23 ms en a tral bytral bass
Th s was s miar te the sett ngs n a vsYal er tastie d splay
®~henetal 2 1, Harrarand Harrs 2, Shietal 2 1y

small wthn rame nterval (W ES_ 1 and 2 ms, was
man pYated te ave d part  pants’ hear ng enly ene seUnd
stemm ng rem the m ddle pes t mn between the twe speak
ers_rather than twe sYssess ve selnds 1e _the presedense
e estL tevsky et al (1999 Te prevent the abrpt enset
and @ sect @ the seUnds_ the alld tery stream was preseded
and ellewed by empty ntervals @ 5 ms_n addtmsn te
the 5 ms ramp t me ( kg 2

Pes ign and presed Yres

Pror te the exper ment_part s pants were shewn demen
stratsns @ M (ald tery apparent met sn rem se'nd

to_ 19~ and GM (ald tery apparent met ®n rem seUnd
“2 >t &y (wth all three W B and the smallest and
lar gest I:‘F send t®ns nelUdedy They then prast sed by

@ Springer
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Fig.2 xper mental setUp and temperal serrespendense o met mn
streams Ysed n  xperment 1 and xperment 2 a Three speakers
were plased horizontally w th a senter te senter d stansc @ 5 em n
xper ment la and 25 em n  xper ment 1b Part s pants sat n rent
e the mddle speaker w th a vew ng d stanee o sm and were
asked te jUdge the r pereeptmn @ ald tery Ternls metmn (. M’ er
GM’ b Temperal ¢errespendenses o threc selnds here se'nd
. an®"™ cempesed twe ald tery rames (. _ > and &~ wtha
w t}n rame nterval (W F nterval between “and_ _and between
an® ™ e 5 1 er2 ms er xperment | and15 or 2 ms er
xper ment 2 The nter rame nterval (I F the nterval between the
twe rames . _ *and ® % was selested rem betweenS 2 3 ms eor
xper ment 1 and 3 31 ms er xperment 2 The reqUens es Ysed
ot seUnds n xper ment 2 were Hz er astandard rame and
2 6 erl. Hz er a semparat ve rame The drestsn e the
ald tery met »n (left or righty was randem zed and ¢eUnterbalaneed

perermng a seres @ trals 11 part s pants reperted
slear d ser m nat mns between M and GM w th a serrest
rcsponscgratc abeve 9 % 3W F5.1 and2 ms x
IF5 _ 11 .1 1 2 and?2 3 ms blesk desin
was adepted ash eenfiglrat ®n was presented tmes
w th the drest sns @ apparent met »n (le t or righty bal
ansed evenly asress ghe  trals There ere eash exper1
ment had a tetal e trals_all @ whsh were d v ded
nte 1 blesks typ sal tral went as ellews Parts1
pants were nstrUted te keep ther eYes en the men ter
and pay attentmn te the ald tery stmUl1 The nter tral
nterval (ITh was randemly selested at between 5  and
ms en a tral by tral bass  ter the ald tery stream
( B¢ 2b, finshed w th a randem pasc @ 3 5 ms.
part © pants were presented w th a qUest sn mark wh sh
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Frame 2

IFl

D

WFI

Time

D

Frame 1

Fig. 3 Sehemats 1ilUstratmn e the events presented en ene tral
n beth xperment 1 and xperment 2 The ald tery st mYl 1 were
sempescd @ twe selnd rames (wh te ne sc or tene, separated by a
wthn rame nterval (W F and an nter rame nterval (I F ter
the ald tery st mYl 1 a qYest mn mark was presented te prempt part s 1
pants te make a she se between twe ept »ns (left or right keypress,

was an nd sat mn that they sheVld respend by makng a
she ke (le t or r ight keYpressy The r she se weUld nd sate
whether they had perse ved e ther element or GM ¥t hal

e the part s pants_a le t key serrespended te .GM’ and a
right key te . M’ The eppes te setUp was establ shed er
the other hal e the parts pants ( kg 3

Results and discussion

b ecash send t wn_the trans t sn thresheld s the pe nt at
wheh M and GM were reperted w th eqlal reqUeney
Trans t sn thresheld s alse re erred te as the pent @ slb
jestve eqlalty (PS v whwsh s saleUated by estmatng
the 5 % per ermanse pe nt en the fitted legsts Une
tsn The jUst netseable di1 erense (JN® 5 the d1 er
enee between the twe met sn persept sns ebtaned rem
the psyshemetrs ¢Urve by estmatng the I Fdi1 erense
between 5 and 5 % e the GM respenses (TreUtwe n
and StrasbUrger 1999, Ezlre shews the average resUlts
rem all parts pants n xperment la  s_sYmmar zed
n K 5 the PS valles were 1 (S y ms_1 33
(S 566 msand 1 6 (S 55 ms when W K e 5 1
and 2 ms_respestvely were appled n  xper ment la
In8 gper megt 1b_the PS galucs were 1 32 (S 3% ms,
127 (S 2y msand 129 (S 36 ms Under send t ®ns
UngW Be 51 and?2 ms respestvely s shewn n

B 6 the serrespond ng /NPs were 3 (S 33 ms_ 3
(S ®» msand 35(5S 29 ms n xpermentJa_and
29 %S 2% ms 2 2(S 3y msand?9 (S 2 ymsn

xperment 1b  repeated measUres analys s @ var anee

Proportions of "group motion" responses

0 1 1 1 1
50 80 110 140 170 200 230
IFl {ms)

Fig. 4 The average psyshemetr s ¢Urves eor all part s pants Under the
three w thn rame nterval sendtmns n xperment la the ¢Yrves
represent the prepert sns re's met »n respenses as a Unetmn @
the I Fbetween the twe alld tery rames The solid curve shews the
prepertmn o Jelp metwn er a 5ms wthn rame nterval send1
ten The dash curve represents the propert®n o reUs met sn er a
1 mswthn rame nterval send t sn The dash dot curve 1lYstrates
the propertmn o el metsn er a 2 ms wthn rame nterval
send t mn The error bars represent the asses nted standard errers

[ mSms m10ms ©20ms

T

small | medium l large

150
140
130
120
110
100

90

80

PSE (ms)

Explb Exp2

Expla

within-frame interval

Fig.5 The mean PS s er dssrmmnatng . M’ and .GM’ Under
three w thn rame ntervals (5.1 and 2 ms n xperment |
and twe w thn rame ntervals (5 and 2 ms n xperment 2y The
black bars represent the PS s eor a w thn rame nterval @ 5 ms
The dark gray bars represent a w thn rame nterval @ 1 ms_
and the light gray bars represent a w thn rame nterval @ 2 ms
Small’ fies Qre rames w th a very small d1 erense n re
qleney ( vs 2¢ Hz ed Um’ represents m ddle level re
qleney d1 erenses ( vs 6 Hz and .large’ represents a larger
reqUeney dsparty ( vs 1. Hz The error bars represent
standard errers

( NOV ) o theestmated PS s wthW Ke 5 1 and
2 ms as asters revealed the mgn e est o the W Fte
be nsignfisant. F226 = 3 p = 69 ( xper1
ment la F(222 =119 _p = 321 ( xperment 1b
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The N@OV e the estmated /NBs wth W E e 5.
1 and 2 ms_alse revealed the man e est te be nsig
nfieant F(226 = 2 p = 26 ( xperment la
FO2x = 31 p= 29( xperment lb

repeated measlres NOV  teward the persentages
o GM perscptmn (YsngW Fand I Fas the twe w thn
part s pant ndependent asters, revealed a s égn fisant gan
e ecste I Fnbeth xperment la F(6 =23 5,
p 1 and xperment lb F(666, = 5 36,
p 1 Nevertheless ne signfisant man e est er the
W Fwas ebserved F(226, = 25 p= 5 ( xper1
ment lay FO2% =11 p= 38( xperment 1b, Fr
thermere ne sign fisant ¢ est en the nterast sn between
the W F and I F was ebserved F(12 156, = % .
p= 9% ( xperment lay F(226 =1 52 p= 192
( xper ment 1b,

We then per ermed a sress exper ment analys s te d 5
sever the ¢ ests @ the spatnl layel 1 any hvart
ate NOV was sarred o' or PS  wth W Fand spat nl
layeU ( S em n xperment la and 25 em n xper1
ment 1by, as dependent asters Impertantly the analy
s 5 resUlts revealed ne signfisant ¢ est @ spatnl layelt
F(1 2 =155 p= 216 Thee este W Fwas nsig
nfieant F2 % = 22 p = 59 and ne sign fisant
mcragt »n between spatnl layelt and W F was eUnd.
FQ2. Y= 91 p= 91 3The sress exper ment analys 5
or /NP ] kew se Yelded ne stat st sal d 1 erenses

The res Ults shewed that_s m lar te v sYal and tast ie Ter
nYs the perecpt wn @ ald tery TernYs met mn was ma nly
medUated by the I B The perscpt mn @ .GM’ was dem 1
nant Under lenger I |§ send t ®ns The d st net mn between
. M’ and .GM’ n ald tery TernUs was generally based en
the prne ples @ temperal grelp ng Here the lenger I B
made the temperal beUndary @ twe ald tery rames (. 2 ’

@ Springer

and % dstnetve lenger I False enhaneed the per
andm% peparandes enthe Gbd tyeUped ald tery events Ths
led te a dem nant perscpt sn @ GM In a presedense e est
(HartUngand Trah »t 5
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relat ve ca%y te separate the twe ramesy and ( $ dstnstly  than the PS at a lewer reqYney (2 Hz (p 5

separated ( vs 1 Hz easY te separate twe rames, ' and lewer than the PS at the med nl reqVnsy (6 Hz

The amplt%de o cash tene was set asserdng te the  (p Iy Hewever the nterast mn between the W Fapd

eqUal leUdness level Ths was dene besalse the W Fhas
11tle nflYenee en the perecpt sn e apparent met mn (as
son¢lUded rem xperment Iy @nly twe W B (5 and
2 ms, were empleYed n xper ment 2 n erder te red Use
the nUmber @ trals In addtmn_dY% te the ast that the
vast majerty e part® pants had made vrtlally I %
GM jYdgments or lengI B n the prev ls exper ments
the range @ I B was adjUsted te rem 3 te 21 ms_w th
nereased stepszes e 3 ms

2(WUE x (IF x 3(reqYney secparatsn lew_
med Ym and highy blesk design was adepted There were
stil trals threUghelt the exper ment. whsh were
dvded nte 5 blesks The prgsentat sn erder @ the stand
ard rame (alUd tery par_e Hz and the semparat ve
rame (aVdtery pare 2 6 and 1. Hz  and the
drestmns @ apparent met mn (le t or righty, were UIlY ran
dem zed and balansed The part s pants rese ved the same
ameUnt @ prast®ec as n xper ment 1 n erder te asslre a
slear d st nst mn between M and GM In the ellew ng er
mal exper ment_part s pants were asked te senseentrate en
dser m natng the r pereept mns @ apparent met mn _rather
than the p teh d1 erenses between the twe rames The data
sellest sn methed was the same as n  xper ment |

Results and discussion

repeated measres N@OV  teward the persentages
o GM perescptmn (UsngW Fand I Fas the twe w thn
part s pant ndependent asters, revealed a s 1g2n fieant ma n
eecste ] FF(6.2 = 336 p 1
2x 3 NOV was sendUsted wth'W F(5vs 2 ms
and reqYeney separat mn (small vs med ¥m vs large, as
w thn sYjest ndependent asters and PS as dependent
aster revealed nens ign fisanse @ the mane este W F
F112 = 29 p= 62 Thee ceto reqUensy separa
ten was signfisant F22y =133 p 1 ®r beth
W Feend t mns _ en erren 1 serrested sempar sens shewed
that the PS at a higher reqUeney (1. Hz was lewer

! In erder te senfirm that the reqUnees selested jUstfied oY
rescarsh pUrpeses we asked 1 part s pants te de a pteh dserm1
naten task Twe rames o plre tenes were prcifmch and the re
qlnees o the re erense rame were kept at Hz_ whie the
sgmpgrat ve  game had a reqUensy selested rem 66 X .

2 Hz. 6 9 and® Hz NGOV wth the reqUeney as
the snge ndependent aster shewed a signfieant reqleney ¢ est
F(2 16, 3 2 g 1.p 1 _, en erren1serrested pa rw s¢ sempar 1
sens or 2 6 and9® Hz tondt)n% tonﬁrmgd ghat pcr ermanse
was better at 9 _Hz (9 % thanat 6 Hz ( 3 % (p 5.
betterat 6 Hz( 3 % thangat 2 Hz( 3% (p Iy and bet
terat9 Hz(® % thanat 2 Hz( 3% (p I

reqUeney was nsignfisant F22y =1 31 p= 2
There ore_an ebv »ls deerease n the PS was ebserved
n the reqYney separat mn between twe ald tery rames
Th 5 was espes nllY trl% Under h igher reqUeney send t »ns
Hewever_ the w thn exper mental analyss shewed that
the aeitatmn e separatng the aldtery events by Ysng
spestral ¢Ues was 1 m ted te enly a sertan reqUeney ran ge
(sUsh as apprex mately 1 Hz n the ¢Yrent settng

NOV teward [N®s w thW F reqUensy separat mn as
twe w thn sUbjest ndependent asters revealed the nsig
nfisanse @ the mane este the W F F(1 1% = 55 _
p= 1 Themane este reqleneyseparat mn was net
signfieant, F22y = 521 p= 6  The nterastsn
e W Fand reqYnsY separat sn was alse net s ign fisant_
FQ2y = Sp= 9

Cross-experimental analysis

We separate the data er 5and 2 ms W B n xper ment
2 We then per ermed a sress exper ment analys 5 1
varpte N@OV was sarred ol erPS wthaW F(5 and
2 ms_the data er d1 erent reqUene es were averaged n
xper ment 2y and exper ments ( xper ment la and xper
ment 2y as dependent asters The analys s revealed that
the PS s (mean 1 6 = 36 n xperment 2 were signfi
santly redYsed sempared te these (1 & 3+ 35 n xper:
ment la_ F(15yv =% p 1 The avcrag%d PS s
were 12 6 + 35 (msy era 5 ms W gand 121, £ 35
(msy era?2 msW EF(15y= 5 p= 11 The
nterast sn between the W Fand exper ments was ns ign 1l
eant F(15y = 12 p= 911L kewse_we per ermed
a eress exper mental analyss @ the INBs The mane est
o W Fwas net sinfisant F(22\y = 119 p = 2
The man e est @ exper ment ( xper ment la vs  xper1
ment 2y was net signfisant F(22y = 51 p= ®
The nterast®n between the W F and exper ments was
nsignfieant F(15y = .p= 95 There ere_w th
the same temperal senfigUrat mns_the larger separat mns
o aldtery reqUenses led te a sign fisant segegat sn o
shert alld tery seqUenses_as ebserved w th the mere dem 1
nant perscpt sn @ .GM’ n the ald tery TernYs d splay

General discussion
large bedy @ researsh has detaied the ast that stmY
1Us aeters assst n aldtery grelpng and ald tery seg

regaten_1e . S ' ( regman 199y Udtery gelpng
esclrs on the bass @ reqleneyY smiartes and spestral

@ Springer
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cont nUty (. regman an® ~ampbell 19 1,_ regman 199
Segregaten 5 alse aded when ald tery ebjests d1 er n
the r spestral sentent or tempegal str%tUre sYsh as eesUrs
w th repet t n rate (Perrett 19 | Stellmask 199 y Thee
res have been prepesed te asselnt or hew temperal ¢Ues
and spestral eYes ecentr bYte te ald tery streamng n
nfl Yent nl theery knewn as the .Per phera® ~hannelng
Hypethes 5 sUggests that streamng 5 pr mar 1y based en
stmYY presessng esslrrng n the aldtery per phery
é calve 5 and Medd s 1996, Hartmann and Jehnsen 1991,
an Neerden 19 5
The .per pheral shannel ng theery sUppeses that stream
segregat mn happens when stmYliexste dstnet er net
highly everlapped seshlear filters er per pheral tene
tep ® shannels (Hartmann and Jehnsen 1991, van Neerden
19 5 There ere_ the theery sentends that sensesUtwe
seUnds w il be pereeptlally grelped nte a snge stream
when they ast vate these stren gy everlapped _sentral alld 1
tery nelrens Hewever_ separate streams w il be peree ved
1 they serrespend te the separated tenetep s shannels
w thn the ald tery systen®~arlyen 2\ thls previdng
higher levels @ the nervels system w th slear ev dense o
slearly d st ngYshable selnd seUrses (bY% see Vlegen and
®xenham 1999 and Grmaltetal 2 2 _the stream sege
gat mn perscpt ®n was el s ted even w th the same seshlear
shannels
Y Usngan ald tery TernUs d splay_ we repl sated the
v s%al TernYs 1 ke apparent met mn n the ald tery dema n
The alUd tery TernYs Used here neerperates a s mple and
slear ¢Y perecptUal des s ®n task whsh ean be Used te
ndex stream segregatsn w thelt the sUbjest havng te
make any expl ®t jUdgments relatng te ther streamng
persept mns In the stUdy we 11Ytrated the spat mtemperal
¢Ues and spestral ¢Ves Used te separate alld tery events In
xperment la_the stmYi1had ne di1 erent spestral ea
tUres exsept eor the I Fbetween the elementary ald tery
stmY1 Th s prev ded a geed start ng pe nt rem wh sh te
test the rele @ temperal ¢Ues n ald tery segre gat mn and
gelpng Br temperal eYes the lesal zat mn perseptlal
gepng e seUnd was generally asheved by eembnng
the n ermat ®n rem the twe ears n the erm e nter alal
tme di1 erenses (IT®s, and nter alral level di1 erenses
(LPs ( laYert 199y Wth the symmetrsal laYol't o
the twe flanker speakers (regardless @ whether the nter
d stanee was near or an _the IT®s sheUld be eqlal n beth
.near’ and . ar’ eend t ®ns_and the spatnl aster plays 11
tle rele n ald tery greUYs ng L akates and Shepard 199
® -~ emparat vely the temperal d stanse (I B, between ald:
tery TernYs rames was mere mpertant n d seern ng the
pereept n @ apparent met®n The signfisant man e est
e the ] B was maniested n the rele @ temperal nter
vals en the perscptmn o ald tery apparent met sn The
larger I I gave r se te mere ebservable separat sn between
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ald tery events that led te the dem nant perseptsn e
GM’
xper ment 2 (w th beth temperal e¢Ues and spestral
sUes) revealed s miar resUlts n terms o the nflYenee o
I B The lenger the I B between twe alld tery rames.
the mere dem nant the persept sn @ .GM’ besame Mere
mpertantly  sress exper mental analyss demenstrated
the signfisant medYlatmn ¢ cst @ reqUeney e¢les The
PS s were generally redYsed threlgh the ntredYst mn
o reqlensy e¢les and the trend was mest ebv »Ys at
higher reqYnees Ths medUatmn ¢ cet was prebably
dY te d1 erentnt®n n auditory critical bandwidth and
frequency to place mapping
® - ¢sal bandw dth 5 the reqYney bandw dth e the
ald tery filter ereated by the seshlea Here a seeend tene
w 1l nter ere w th the persept n e the first tene by means
o aUdtery maskng Ths esslrs when ald tery reqUen
ses arce @ a smiar rang (Meere and Glagberg 19
W th the three semparat ve reqYenses ggen (2 6 and
1. Hz _the ert wal bandw dth arelnd Hz (standard
stmYy was between and 6 Hz ( Fstl and Zw sker
1999, Ths severed the lewer and med 'm reqlens es
we selested or xperment 2 In addt»n_ev dense has
new establ shed reqUensy selest vty w thn the alUd tery
per phery ( Brrest and ®rmby_ 1996, Hartmann and Jehn
son 1991, He nz et al 1996, When twe marker reqYns es
(o the ald tery TernUs rames, are the same_er even when
they are verY s m lar_the markers st mYlate the same re gmn
e the seshlear partt®n In tY%n_ths leads te respenses
rem the same aldtery nerve fibers (and hense the
serrespond ng . M When the twe markers have larger
d1 erenses n ther reqYnses they are separated n the
sechlea_se that theY max mally st mYlate d1 erent plases
alengthe seshlear part t wn Th 5 leads te d 1 erent pepUla
tens @ ald tery nerve fibers respend ngte cash reqUeney.
and henee te the serrespendng .GM’ (@xenham 2
Viegenetal 1999
The pereeptmns ¢ GM and M ebserved n ald tery
medal ty were alse eUnd n vsYal and tastle medal t es
*"hcn etal 2 1 , Harrar and Harrs 2 , Shietal 2 1
Prev »Us stUd es have rigereUsly nvest igated the perseptVal
geUs ng between aldtery and tastic medal t es®~hen
etal 2 11,Speneeetal 2\ _aldteryand v sYal medali
tes (Sanabraetal 2 S5a 2 5Sb,Shietal 2 1) andvs
Ual and tastic medal t s (Harrar and Harrs 2y They
have sUggested a sUpra medal perseptlal greYe ng ameng
d1 erent senseryY medal t s The eYrent resUts stren ghen
th s .sUsra medal’ vew e perseptlal greYe ngs
It shelld be neted that the tene seqYense Ysed n the
aUdtery TernYs dsplay lasted less than ene sceend
Ths 5 qUte d1 erent rem the elass sal alternatng tene
seqUenses wh sh are always repeated er several sesends
or even eor mnYes and the bUidYs e the strengh e
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stream se gre gat ®n_wh sh takes rem 5 tel s The qUsk
pereeptlal dee s wns er shert tene seqUenses were seem
ngy at edds w 1h; re gman’s prepesal that alld tery seene
analYses start at the same seherent pes t »n and are sUbse
qlently segre gated nte separate streams a ter a sY fie ent
nUmber @ sUes are sellested The eUrrent find ngs there
ore sUggest that bistable persept sn selld be beth an
ast ve cxplerat mn @ the sensery env renment and a Unda
mental aspest @ sensery segn t mn_wh sh sUpperts flex ble
dessmn makng (Km et al 2 68 ens derable stUd es
have been sendYsted te explere nelral meshan sms’
medntnge aldtery stream se gre gat mn (GYsehalk et al
2 5, Msheyl et al 2 , RaUseheesker 2 5 Resent
researsh has nd sated an mpertant rele er beth pr mary
( 1) and nen prmary ald tery eertexes and ene stUdy
has sUggested a rele eor the ntra par etal sUleUs®P~ Usack
2 5 UGngan o stmYYs parad ign®~ Usaek (2 5,
oUnd that regmns n the ntra par etal sUeUs (IPS) shewed
greater ast vty when twe streams were perse ved rather
than ene stream Indeed the aldtery system eenta ns
several sUbsert sal nYsle 1 whsh are generally bel eved
te establ sh bas ® eatUre ensed ng even be ere perseptlal
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GUYsehalk M she¥~ Meleher JR RUsp  Scherg M @xenham
J (2 5 NeUremagnet s segrelat & streamng n hYman ald 1
tory sertex ] Nelrese¢1255 32 5
Hall ® Jehnsrlde IS Haggard MP Palmer R_ kereyd M  SUm
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515516
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