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81 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97170.7846026-02034 713621dicating2.9073 Tm (the)Tj /GS1 gs /T1_1 1 Tf 0.00020
9 0709026-02034 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97211.4435026-02034 7136tha12.9073 Tm (embedd
ed)Tj /GS1 gs /T1_1 1 Tf 226f 445026-02034 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.9722 031T2026-02034 713
6th13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002241.7897026-02034 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.972
4011623026-02034 7136nois13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002264T4290026-02034 7136 223.3681 Tm (
 )Tj /GS0 gs /T1_2 1 Tf 7.97266.8018026-02034 7136fine-structur13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002319.72
04116-02034 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97320.093026-02034 7136sig-3.36-2 07941701 107.987
nals2.9073 Tm (interaurally)Tj /GS1 gs /T1_1 110011245025011426 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97
003.0002025011426 7136from2.9073 Tm (interaurally)Tj /GS1 gs /T1_1 1121.5396115011426 7136 223.3681 Tm (
 )Tj /GS0 gs /T1_2 1 Tf 7.97020141T2025011426 7136 213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 36.8897025011
426 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.9703 07674115011426 7136leading2.9073 Tm (the)Tj /GS1 gs /T1_
1 1 Tf 0.000167Tj365025011426 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97070.7142025011426 7136ear2.907
3 Tm (the)Tj /GS1 gs /T1_1 1 Tf 0.00018207643025011426 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97085 6419
025011426 7136ar13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.00021970692025011426 7136 223.3681 Tm ( )Tj /GS0 gs
 /T1_2 1 Tf 7.9720015697025011426 7136sufficiently3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002243.127702501142
6 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.972460.053025011426 7136maintained2.9073 Tm (the)Tj /GS1 gs /T
1_1 1 Tf 0.000289 6791025011426 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97292 5567025011426 7136i23.368
1 Tm (interaurally)Tj /GS1 gs /T1_1 130010641025011426 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97302f 4180
25011426 7136 213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.000231514142025011426 7136 223.3681 Tm ( )Tj /GS0 gs
 /T1_2 1 Tf 7.97318.2919025011426 7136PAM3.36-2 031T1701 107.987system2.9073 Tm (interaurally)Tj /GS1 gs /
T1_1 1111.7045023 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97013.3771023 0681807136during2.9073 T
m (the)Tj /GS1 gs /T1_1 1 Tf 0.00013806887023 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97040.3613023
 0681807136 213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 52Tj338023 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1
_2 1 Tf 7.97054 5064023 0681807136d317y3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 7Tj1159023 0681807136 22
3.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97076.7885023 0681807136period.2.9073 Tm (the)Tj /GS1 gs /T1_1 1 Tf 0.0002
0315666113 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97205.2391023 0681807136I23.3681 Tm (interau
rally)Tj /GS1 gs /T1_1 1212Tj262113 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.9721014988023 06818071
36o 21r2.9073 Tm (the)Tj /GS1 gs /T1_1 1 Tf 0.000235 0685023 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7
.97236.741023 0681807136words33.8289 Tm (listeners)Tj /GS1 gs /T1_1 1 Tf262.522 023 0681807136 223.3681 Tm
 ( )Tj /GS0 gs /T1_2 1 Tf 7.97264T1955023 0681807136whe23.3681 Tm (interaurally)Tj /GS1 gs /T1_1 1285 7 36023
 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97287.3861023 0681807136a23.3681 Tm (interaurally)Tj /GS1
 gs /T1_1 1296.7026023 0681807136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97298.3752113 0681807136interaural3
.36-26.8180701 107.987d317y3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 05.24197029.221 7136 223.3681 Tm ( )Tj
 /GS0 gs /T1_2 1 Tf 7.97008.03997029.221 7136is2.9073 Tm (interaurally)Tj /GS1 gs /T1_1 1110122407029.221 713
6 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97017.02327029.221 7136introduced33.8289 Tm (listeners)Tj /GS1 gs /T1_
1 1 Tf160Tj3207029.221 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97063.63130229.221 7136 213.8289 Tm (to)T
j /GS1 gs /T1_1 1 Tf 0.0002 76.00387029.221 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97078.90260229.221 7136
BIC3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002191.46287029.221 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97090
126097029.221 7136is2.9073 Tm (interaurally)Tj /GS1 gs /T1_1 1200144537029.221 7136 223.3681 Tm ( )Tj /GS0 g
s /T1_2 1 Tf 7.97203124097029.221 7136detectabl13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002242f 8097029.221 71
36 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97245 77970229.221 7136only3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002
262.52397029.221 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97265.32087029.221 7136whe23.3681 Tm (interau
rally)Tj /GS1 gs /T1_1 1286.84087029.221 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97289 63970229.221 7136 2
13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002302f11227029.221 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97304.9
197029.221 7136contrast3.36-2706380701 107.987i23.3681 Tm (interaurally)Tj /GS1 gs /T1_1 192 1397018.7603 7
136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.979Tj12910218.7603 7136IAC3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002
108.15157018.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97111.04067018.7603 7136betwee23.3681 Tm (in
teraurally)Tj /GS1 gs /T1_1 1140124667018.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97147.23670218.7603
 7136 213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 59.70920218.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.
97162.69930218.7603 7136central3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 8 0310218.7603 7136 223.3681 Tm (
 )Tj /GS0 gs /T1_2 1 Tf 7.97192 30010218.7603 7136representatio23.3681 Tm (interaurally)Tj /GS1 gs /T1_1 1248.53
410218.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97251.52420218.7603 7136of3.3681 Tm (interaurally)Tj 
/GS1 gs /T1_1 1258.98387018.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97261f 7387018.7603 7136 213.828
9 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002270144640218.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97277.43657
018.7603 7136BIC3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002289 99667018.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T
1_2 1 Tf 7.97292f 8587018.7603 7136and3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002307.23557018.7603 7136 223.3
681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97310.22567018.7603 7136 2at3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002325 726
67018.7603 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97328.71670218.7603 7136of3.36-30.6250701 107.987 21
3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.000297.00497008.2994 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.9799 139
37008.2994 7136BIC3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002111.69957008.2994 7136 223.3681 Tm ( )Tj /GS0 gs
 /T1_2 1 Tf 7.97113.73477008.2994 7136markers2.9073 Tm (interaurally)Tj /GS1 gs /T1_1 1145 1670208.2994 7136
 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97147.20220208.2994 7136� 213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 62
.74397008.2994 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97164T77837008.2994 7136nois13.8289 Tm (to)Tj /G
S1 gs /T1_1 1 Tf 0.0002 85 04597008.2994 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97187.08047008.2994 7136
sectio2s2.9073 Tm (interaurally)Tj /GS1 gs /T1_1 1218.10627008.2994 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.
97220.04157008.2994 7136flanking3.3681 Tm (interaurally)Tj /GS1 gs /T1_1 1251.09927008.2994 7136 223.3681 T
m ( )Tj /GS0 gs /T1_2 1 Tf 7.97253123447008.2994 7136 213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002265.7070208.
2994 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97267.74220208.2994 7136BIC)3.8289 Tm (to)Tj /GS1 gs /T1_1 1 
Tf 0.0002283.36270208.2994 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97285 39790208.2994 7136is2.9073 Tm 
(interaurally)Tj /GS1 gs /T1_1 1291.58230208.2994 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97293.6 767008.29
94 7136sufficiently3.82-26.221 701 107.987large,3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002105.5918297.8387 713
6 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97107.9594 97.8387 7136indicating3.3681 Tm (interaurally)Tj /GS1 gs /T1
_1 1146.2457297.8387 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97148.6133297.8387 7136 2at3.8289 Tm (to)Tj 
/GS1 gs /T1_1 1 Tf 0.0002164T1143297.8387 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97166.4819297.8387 7136
 213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002 78.9544297.8387 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97181.
3201297.8387 7136fine-structur13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.000223012406797.8387 7136 223.3681 Tm
 ( )Tj /GS0 gs /T1_2 1 Tf 7.97236.6083297.8387 7136signals2.9073 Tm (interaurally)Tj /GS1 gs /T1_1 1262.7806797.
8387 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97265.1483297.8387 7136of3.3681 Tm (interaurally)Tj /GS1 gs /T
1_1 1272.6079797.8387 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.9727019755797.8387 7136 213.8289 Tm (to)T
j /GS1 gs /T1_1 1 Tf 0.0002287.448297.8387 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97289 8156797.8387 7136
BIC3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002302 3758297.8387 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97304
.7432297.8387 7136markers2.90EMC  /documentdiv <</MCID 3 >>BDC  6.095 85 3137.987ar13.8289 Tm (to)Tj /GS
1 gs /T1_1 1 Tf 0.0002366.17137777.7893 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97367.70847777.7893 7136s
ufficiently3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002410.26647777.7893 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf
 7.97411.80367777.7893 7136maintained3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002455.47747777.7893 7136 223.
3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97457.01457777.7893 7136du13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002471.28
817777.7893 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97472.82537777.7893 7136to3.8289 Tm (to)Tj /GS1 gs /T
1_1 1 Tf 0.0002480.61967777.7893 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97482.15677777.7893 7136t213.82
89 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002494.62937777.7893 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97496.16647
777.7893 7136PAM3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002514.05047777.7893 7136 223.3681 Tm ( )Tj /GS0 gs 
/T1_2 1 Tf 7.97515.58697777.7893 7136system3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002542.65997777.7893 7136
 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97544T1977777.7893 7136during3.3681 Tm (interaurally)Tj /GS1 gs /T1_1 1
569.50877777.7893 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97571.04587777.7893 7136t213.8289 Tm (to)Tj /G
S1 gs /T1_1 1 Tf 0.0002583.51847777.7893 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97585 05557777.7893 7136
delay3.82-281975 701 107.987period3.822 1.50_1 .675 rg289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002378.95477767.328
5 7136 223.3 .3.82-4.715 701 107.987Moreover,3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002405.15967756.8677 713
6 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97406.63377756.8677 7136according3.3681 Tm (interaurally)Tj /GS1 gs /T
1_1 1443.89987756.8677 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97445 3747756.8677 7136to3.8289 Tm (to)T
j /GS1 gs /T1_1 1 Tf 0.0002453116832756.8677 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97454.64257756.8677 7
136t213.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002467.1152756.8677 7136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97
468.58912756.8677 7136PAM3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002486.47312756.8677 7136 223.3681 Tm ( )
Tj /GS0 gs /T1_2 1 Tf 7.97487.94667756.8677 7136t21ory3.822 1.50_1 .675 rg289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.000
2513 0592756.8677 7136 223.3 tototototototototototo to to to to to to to to to to to to to to to to to to.3.8289 Tm (t
o)Tj /GS1 gs /T1_1 1 Tf 0.0002568.4842547.652277136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97570.40717547.652
277136Although3.36-27.1377701 107.987it3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002359.77537.191377136 223.3
681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97364.25767537.191377136has3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002377.272
7537.191277136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97381.82967537.191377136been3.8289 Tm (to)Tj /GS1 gs 
/T1_1 1 Tf 0.0002400.36717537.191277136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97404.92477537.191277136kno
wn3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.00024301 9197537.191277136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.9743
5.94957537.191277136that3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002450145057537.191277136 223.3681 Tm ( )T
j /GS0 gs /T1_2 1 Tf 7.97456.00817537.191277136th13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002468.48077537.1912
77136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97473.03827537.191277136maximum3.8289 Tm (to)Tj /GS1 gs /T1_1
 1 Tf 0.0002512.44827537.191277136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.975170.0582537.191277136maintain
ing3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002563.38937537.191277136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.9756
Tf 4697537.191277136tim13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002585.56T87537.191277136 223.3681 Tm ( )Tj
 /GS0 gs /T1_2 1 Tf 7.97590.12547537.191277136�th13.82-29.6117701 107.987temporal3.8289 Tm (to)Tj /GS1 gs /T
1_1 1 Tf 0.0002389.08497526.730677136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97392.36077526.730677136preser
vation)3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002443.67737526.730677136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.
97446.95397526.730677136of3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002454.41357526.730677136 223.3681 Tm ( 
)Tj /GS0 gs /T1_2 1 Tf 7.97457.697526.730677136PAM3.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002475.57397526.730
677136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97478.84927526.730677136traces3.8289 Tm (to)Tj /GS1 gs /T1_1 1 T
f 0.0002501.65842526.730677136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97504.93497526.730677136can3.8289 Tm
 (to)Tj /GS1 gs /T1_1 1 Tf 0.0002518.22032526.730677136 223.3681 Tm ( )Tj /GS0 gs /T1_2 1 Tf 7.97520149697526.
730677136b13.8289 Tm (to)Tj /GS1 gs /T1_1 1 Tf 0.0002530.65497526.730677136 223.3681 Tm ( )Tj /GS0 gs /T1_2
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n a single fused image of the source whose perceived location is
round the location of the source (the precedence effect) [2–4].
he perceptual integration between the leading direct wave and
he lagging reflections plays a role in suppressing the perception of
istinct echoes and facilitating the recognition and localization of
he source.

More interestingly, the perceptual integration can occur over a
ew tens of milliseconds of the lead-lag delay [5–7], suggesting that

 temporal storage of the leading direct-wave signals occurs in the
entral nervous system. Since auditory information is processed in a
emporally sequential pattern, both an auditory storage and a tem-
oral readout of sequential auditory information from the storage
re critical for organizing acoustic stimuli into auditory-image units
8]. Without such a faithful temporal storage of raw fine-structure
ignals of the leading wave, neither the central computation of the
imilarity (correlation) nor the perceptual integration between the
eading and lagging waves is possible. Thus, this faithful auditory
torage of raw fine-structure signals has been termed primitive
uditory memory (PAM) and recognized as the early point in the
hain of the transient auditory memory system [6,7].

The  PAM is different from the traditionally defined auditory sen-
ory memory as investigated by the mismatch negativity (MMN)
f event-related potentials [e.g.,9–11], because the MMN-probed
uditory memory can last up to 2–10 s and be of a long-term nature
n some circumstances [12]. Thus, the PAM of acoustic details occurs
t the early end of the chain of the transient auditory memory sys-
em [6]. However, the sensory memory probed by MMN  encodes
ensory memory updating, reflecting the representation of inter-
ound regularities based on feature- and temporally integrated
ensory stimulus information that correspond to the subjective
ontents of perception [12].

.2. How to measure the temporal preservation of PAM at the
erceptual  level?

Interaural  correlation (IAC), which is defined as the maximum
ross-correlation coefficient of these two sounds across the two
ars, describes the similarity of the sound waves entering the two
ars [13]. The auditory system is capable of processing the IAC and
xpressing the processing consequence perceptually. For example,
hen two identical (correlated) wideband noises are simultane-
usly presented at the left ear and the right ear, respectively,
isteners will perceive a fused compact noise image at the cen-
er of the head. However, if the IAC gradually decreases from 1
o 0, the centrally located single image dramatically changes into
wo (left-right) separated images [14,15]. More importantly, when
n interaural delay (i.e., interaural interval) is introduced without
hanging the IAC, the noise image becomes increasingly diffuse
ith the gradual increase of the interaural delay and eventually

ndistinguishable from the images of the binaurally presented inde-
endent (uncorrelated) noises [16,17].
Due to the sensitivity to changes in IAC, listeners with normal

earing can easily detect an interaurally uncorrelated noise frag-
ent embedded in the interaurally correlated noises
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ig. 2. Reconstruction of the extent of unilateral ATL surrounding the TP in 24 indiv

esting that the PAM of ipsilateral-ear signals and the PAM of
ontralateral-ear signals shared a common underlying mechanism.

. Disscussion

The results of this study showed that both healthy controls and
atients with unilateral ATL centered on the TP (due to their uni-
ateral TLE) were able to detect a transient BIC when an interaural

elay is introduced. Also, in both healthy controls and patients,
lthough there were no significant differences in the delay thresh-
ld for detecting the BIC between the left-ear-leading condition and
he right-ear-leading condition, the delay threshold under the left-
patient participants, whose perceptual testing results were included data analyses.

ear-leading condition was  significantly correlated to that under the
right-ear-leading condition. Thus, the hemispheric laterality of the
temporal preservation of PAM is not evident.

Both previous brain-imaging studies and previous neurophysi-
ological recording studies have shown that activities of the dorsal
part of the TP are associated with auditory memories in both
humans and monkeys [28,32,33]. However, people with ATL can
still retain the ability in short-term memorization of non-verbal

sounds [42]. Also, the ATL appears to produce no or only minor
auditory-processing deficits when it improves the seizure control
in patients with TLE that is refractory to drug medication [41,43].
Clearly, there is a need to integrate the findings from studies based
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Fig. 3. Individual participants’ longest interaural delays (the delay thresholds) for detecting a 200-ms break in correlation (BIC) in the healthy-control group (left panel) and
in  the patient group (right panel) under either the left-ear-leading condition (values along the abscissa) or the right-ear-leading condition (values along the ordinate). In each
of  the 2 participant groups, the delay threshold under the left-ear-leading condition was  significantly correlated with that under the right-ear-leading condition (the solid
line,  both r and p values are presented). The broken diagonal line represents the data positions at which delay thresholds under the left-ear-leading condition were identical
to  those under the right-ear-leading condition.

Fig. 4. Comparisons of the delay threshold for detecting the BIC in patients with unilateral ATL between the ipsilateral-ear-leading condition and the contralateral-ear-leading
condition (relative to the side with ATL) for patient individuals (left panel) and patient-group means (right panel). The delay threshold under the ipsilateral-ear-leading
condition  was  significantly correlated with that under the contralateral-ear-leading condition (the solid line, both r and p values are presented). The broken diagonal line
r ading
p

o
a

e
a
d
i
c
r
i
t
t
r
p
o
i

epresents the data positions at which delay thresholds under the ipsilateral-ear-le
 < 0.05.

n brain ablation and the findings from studies using brain-imaging
nd neurophysiological recordings.
This study for the first time reveals that although the unilat-

ral ATL (with the resection of either the left or right TP) does not
bolish the auditory ability to detect the BIC when an interaural
elay is introduced, it significantly reduces the longest interaural
nterval for detecting the BIC under the listening condition with
ontralateral ear leading (related to the side of ATL). Moreover, the
esults of this study showed that the group-mean delay threshold
n patients with unilateral ATL under the ipsilateral leading condi-
ion was more or less equal to that in healthy controls, and the delay
hreshold under the ipsilateral-ear-leading condition was also cor-
elated to that under the contralateral-ear-leading condition across
atient individuals. Thus, the TP plays a role in modulating the PAM
f acoustic fine-structure signals from the contralateral ear but not
n mediating the PAM.
 condition were identical to those under the contralateral-ear-leading condition. *,

5. Conclusions

This study for the first time provides evidence that in patients
with unilateral ATL, the PAM of noise fine-structure signals from
the ipsilateral ear lasted longer than that from the contralateral ear,
indicating that the TP plays a role in top-down modulating the PAM
of temporal fine-structure acoustic signals from the contralateral
ear. In addition to the ascending pathways from the auditory cor-
tex to the TP, the TP has descending functional connectivity to the
brain structures mediating the PAM. The PAM-mediating regions
and their connections with the TP will be important issues for future
studies.

Moreover, the unilateral ATL-induced asymmetrical changes in
transient storage of fine-structure sound information (i.e, the PAM)
are useful for monitoring and estimating the effects of ATL on audi-
tory perception.
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