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localization 4 ~
faaf Jdaf
psychoacousttc p \.
2. F.sion r Tl
/bo/ faa/
3 spectral —
-fusion — *
Jaaf FL Jeaj F2
4 5P ectr?l/tem- —_ N
pora usion |— *
édzq/wuhcut F2 era/rm;lm
5 phonetic l L
feature fusion L—— S
/oo/ /ta/
phonological ; — |
6. fusion — =
Jdo/ /ra/

/da/

/da/

/da/

= /da/+chirp

= /da/{or /pa/)

= /dra/

Fioure 1. Schematic spectrograms of stimuli used in the six fusions.
(F1 = Formant 1;

5

1

F2 = Formant 2.)
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Previous Uprper LiauTrs OF INTERSTIMUGLUS DiSCreP-
ANCIES PERMITTING THE FUsioN or Souxps Pre-
SEXTED 1O OPPOSITE Eaxrs ror Six
TvyPES oF FusioN

Onset Fre-
time Intensity quency
Fusion type (msec) (db.) (Hz)
Sound localization 2.5 60¢ 25
105 654 80f
< 2x
Psvchoacoustic fusion? -—_ —_ -
Spectral fusiont.4 < 2501 40ma < 251
<3
Spectral/temporal fusion® —_ 40= —_—
Phonetic feature {usionv.& 60» 20¢ > 14¢
< 1208
Phanological fusions > 150¢ > 15 > 20u
< 200¢=

s Woodworth (1938, p. 328) for clicks.

b Cherry & Taylor (1954) for natural speech stimuli. Also
see Tobias (1972) and Babkom (1973).

« Groen (1964) for binaural beats of sine waves.

d Applicadon of “cyciotean’” sumuii of Kubovy, Cutting, &
McGuire (1974).

« Licklider, Webster, & Hedlun (1950) and Perrott & Nelson
(1969) for binaural beats.

f Perrott & Barry (1969) for sine waves near 2.000 Hz: con-
siderably greater differences possible for higher irequencies.
Also see Thuriow & Elfner {1959) and Tobias {1972).

2 Halwes (1969) for syntnetic speecn stimuii.

b Existence of this fusion gieaned from Halwes (1969). Also
see Reop (1973d).

i Broadhent (1955} for natural speech patterns, '

I Broadbent & Ladefoged (1957) ior synthetic speechiike
patterns.

% Leakey, Sayers, & Cherry (1958) for nonspeecih: Matzker
(1959}, Linden (1964}, and Smith & Resnick (1972) for natural
speecn: Haiwes (1969), Ades (1974), and Haggard (Nore 1)
for synthetic speech. Several exampies cited by Tobias (1972)
may also 6t into this category.

L Pilot researcn by author using metronome-like ticks,

= Rand (1974) for synthetic speech.

s Nve, Nearey. & Rand (Note 3) 2nd Nearey & Levitt (Note
4) for synthetic speech.

o Shaniweiler & Studdert-Kennedy (1967, subsequent anaiy-
sis) for syntheric speecn stimuli; Studdert-Kennedy, & Shank-
wetler (1970) for natural speecii.

‘ » Estimarced from Studdert-Kennedy, Shankweiler, & Schul-
man (1970) for synthetic speech.

a1 Repp (1975a, 1975h, 1975¢) for synthertic speech. |

* Estimated irom Cullen. Thomoson, Hugnes, Beriin. & Sam-
son (1974) and Speaks & Bissonetze (1975) for natural speech
stimulii.

3 Day (1968) for natural speech sumuli.

* Day (1970) for synthetic speecit; Day & Cutting (Note 3)
for natural speech.

w Curting (1973) for synchetic speech.

£ 9

UrrEz LMITS OF INTERSTIMULUS DISCREPANCIES
PerMiTTING CONSISTENT AND FREQUENT FUSIONS
or /da/ ror Six TyrEs or Fosion
(UrpaTivg oF Tasiz )

Onset Fre-
) ' time Intensity quency
Fusion type (msec) (db.) (Hz)
Sound localization <5 — <

Psychoacoustic fusion < 40 < 10
Spectrad {usion < 30 +08
Spectral/temooral fusion < H) 408
Phonetic feature fusion < 80 25
Phonological fusion > B0 25

VVVVV
00 00 09 0% 00
ODD00w

* Incensity differences are got relevant to sound localizatio n
as discussed };er_e. since the rused percept never disintegrates
with such variation.

b Rand (1‘974). using stimuli very similar to those used in the
present study.
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FREORENOEFREDSZSLERSAL T VS, FRILKXYELTE2HEELF
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A 1 ADKHICEZ6% (/ba, da, ga, pPa, ta, kal/)
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(1) /ba, da, ga, pa, ta, ka, /JOEFELDNVWTELETHW
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(2) /' ba, da, g8a/DIDOEBETILODOWTHEEELEEE 2L =
ZHE AR MUV ELOEY -7 OBEE® &b = R I,
(3) (2) ORFICDODNWToffsetz HAZEHICERZY ML =K F,

ZO3ODDCVOHTIHR/ g8a/ DARYT MNNELLDODE — 7 O E NG LA
fLE & W3dnsecB N B = DoffsetE TORMBMAETEI D, £ T. ZDH & Dof
fsetBE MK PETHOEOEBE UM LA, W20 4 Y B O1/4E B O
BEHFUVHL, THEDoffsetiCEET DI LI KU TR, BEBMBLELED S
WIEARY NUVBLEDODE = WS EHRODoffset TOBE IZ82nsecEBE L 2 » =,
EORFALCOVWTLHBIEER MEETE 2B TI0OEYS Y, 4 EDOHYE
LEfAas>Xrro®@EREl20xes, ZHALEET. EM(1986)ICH » = %
DT H 5B,

‘@J‘Z%Szﬁﬁb:aw'c@@\ 2 % 8,

MEBoOERCEFIYEa -3 2HVWERKLE BRI TATDATIEEE L &,
FEEAYy FARYICEYVBBEICARERL =,

R EE ik Sherwin & Efron(1880) b DMK WEBEH L k2 Er T 3L

HiE S EEEY - TS50dBSPLE U &,




(FERLEEFEOT — X&)

(Ba.dat) (Da.dat)

onset of bazz-bar 264.0msec onset of bazz-bar 266.6mseq
VOoT 361.7msec VOT 380.0msec
offset 496.0msec offset , 534.0msec
maximum spectral maximum spectral R
transition 365 msec tramnsition 400 msec
——————————— duratiop----==~==--~--- ~-e————wwe--duration------~-------
bazz-bar 87.3msec bazz-bar 123.4msec
voiced 134.3msec voiced 144.0msec
——————————— POWEI m= === m——mm e ———em | e e e DO WE[m e m e m—— e — o
l10msec hanning l10msec hanning

window (peek). 74.12dB window (peek) 74.84dB
(Ga.dat)

onset of bazz-bar 260.3msec

VOT 332.0msec

offset 475.0msec

maximum spectral

transition 366 msec

----------- duration=-=-=-=—==---=---
bazz-bar _ 71.7msec
voiced 143.0msec
——————————— poOWEer——-=—==—=—=—=——=—--

10msec hanning

window (peek) 74.28dB
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(Pa.dat)

onset of voiceless
VOT

offset

maximum spectral
transition
e duration
voiceless phonation

voiced

10msec hanning

window (peek)

(Ka.dat)

onset of voiceless
VOT

offset

maximum spectral
transition
——————————- duration
phonation

voiceless

voiced

10msec hanning

window (peek)

255.
270,

381.

74.

258.
298,

418,

74.

Omsec
Omsec

Omsec

43dB

8msec
Bmsec

Omsec

06dB

(Ta.dat)
onset of voiceless
VOT

offset

maximum spectral

transition

voiceless phonation

voiced

10msec hanning

window (peek)

258.
275,

383.

Omsec

Omsec

Omsec

.02dB
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lsec cvVv bsec warning

Fig.2 EREEALENBONE

FHRE: REAIAELEFEREAEHBLODOWT, Z0RE. E£F 0¥ ¥, §
BOHE, 2172228 TH35. REWE D lsechi iIC100nsecD HEE F Nl H H B
CRFEND, BREUAMBATEEEBLERCS B Y - h04D2557 b Y
JAKNHERNEZEHZZEET S, TOR, FERLRIARLKEAOFICLHEFILT
2O, TEDZETEFOHEHETZ2IDICLHRLE, AREMTRKICELD L
00— 2 0RIFTORMIEFRETRDILILNETYUKLRFELERLE —D2 0O FRHEITHWI4
FTHTTE, 1EERTEILS-1LO0OADHKEZ WAE, 3 D2DDEMHERTET
KCREE1IBERZEL 2.



# 3
EEDEER (%)
( ) ARwWThSDrHRbLT

= H

&1 68.3 64,4
(7.1) (9.9)

&2 64.5 59.5
(10.2) (11.1)

&3 65.6 59.8
(12.2) (12.9)

= 4

GHELIOEZRY. EHEOELESE (%)

= H
HHE | 77.9 72.3
(8.4) (12.4)
iy 58.5 54.4

(9.5) (11.2)




® 5

B EEER (%)

% %

CHH1 76.7 63.8
(14.2) (15.7)
&2 68.5 62.8
(12.8) (13.89)
%3 71.4 67.7
(14.8) (15.8)

£ 6

EECEFHE (%)

E& A E
&1 63.1 38.1
(16.2) (17.3)
&2 67.6 31.2
(17.6) (16.5)
%#3 66.5 - 33.5

(12.7) (12.6)




® 7
GENOEEEGERE O F iy

&1 &% 2 &3

5.63 21.4 16.9

(5.22) - (8.9) (8.07)
® 8

2B SER EEHNOEER

b d g b s d s g s
28.9 28.9 24.0 24.5 25.1 26.8
(5.82) (7.01) (4.18) (7.35) (6.21) (4.18)
29.3 23.1 26.5 26.9 .25.9 27.0

(4.44) (4.51) (5.02) (6.85) (3.55) (4.53)




£ 9

ZHE2TOARI M IVELODE - B —-HT B
GHELELEVOTHF—HTILXELBTD2EER

ANRLTZ b IUVEAL VOT
&4 2 28.4 30.5
(6.30) (5.66)
&3 32.7 28.4
(3.43) (7.71)

10

%3 TOER.

EENOEZEH O HE

g b s d s £ s
= 28.3 27.1 24.3 28.8 26.6 27.1
(6.70) (5.51) (6.16) (4.99) (3.28) (5.18)
ES] 24.4 26.5 27.6 27.8 26.1 30.3
(4.95) (6.81)  (4.97) (5.38) (6.13) (3.93)




£ 11
ERBELXCE T2 RENHOHE

&1 &2 &3

75.1 70.9 63.5

(13.3) (16.9) (30.5)
(RER)

FRNFNRNDRBEILDODVWTHERERIIRT.
S 1

EAETCEESREHARDLERAETRRZVADDEQEIFNBEY (R 3) .,
EETLEFRELHUANDLEREOEERNAFEICH L (p(0.002) (£ 4). L
MUEEERARD L EERE T 2, |

KRCEFUE TR, MLUBMLELEOHAEERAEL 25 (p( 0.024) (&
5), HEOEFRA-RECHATE-BLHUHKTIHLEIEE L (X 6) .,
FH2:
EEZRQOEATDERFRH I LEERABRTHE N, £HEELEAIHEENS
<nB (R 7)., ERITHATLAZRIASA RN, AXI MVEROE -
LVOTO XN TN TERE2 —HE L&A 2 EANZ LAEOMICRARELER
Bohan (R 9),

SR TEEBEHARZLAERZER 2V (R 5) ., HEOEFE&HEL LA
RE-EOEICHMTILBATY (K 8),
&4 3

FTEZRPPEDANBOAEERZETRAZY (R 3). EHEBEOBRER
ZE2EVEDDLAVEEHELEIVEZ Y (R 7)., FRINCRET 2 &




tukeVIEIL K 2 Z BEHEBEOHELEDD L g s DEILSDVWTOAREETTD » 1
(p(0.05) (£ 10)., ARy Mv&ﬂt@t‘—atvo*rw%ﬂ%’ﬂ?é'aﬁ%—ﬁz
SEERGEEZHLENRNDEHNEBOEZTREANH W (p(0.05)., T BHILANRY N UVEMLDLE
G EVOTCHERE— R LAl TREARREUB RS (2 9) .
EFHMOEREZ AL, EZEEO0OERNBETIRAOHA RN, FLT., E—%H
DEOHEERNE W, HE RMEIMIRHEL. 2. 3OETAHARLI25EMN
EHBREETIE R,

(&%)

ARG RNVERLOE -2 VOTDRAFNTEERLMA WM E A v i &4
SORRRIR. HNEORKETEERAETLLALMEAMERLT VS, T A EEEILS
WTHEZRAEAMIEBTE VI L 2EHKT S, “OBEG0NERIERNBLSHT
52 LPRBOBELUERIRELSVTEL. VOTO—HARNBOBUYE %
Tz lARBEEND, VOTOEABLAEVWEEID/ b/ OVOTZE

~ A

SE/DART N VELBAAOE A OB TOBEERCERRENAEO N L
WSS EABEORBELIOHNREERESHBL0TH B, Lal., 2 ORMEICEE
BE BB, offset A BHEN TN ARANWEA 2 OB EREESORAEERL TH
BELT. VOTOBEMLRoflsetD ~HMAKFE LR ZERbMD, ZORAEN
EOBMABILERARIT PVICEARTEHRIEAR DO —HBAFAEETH D & WD Repp(1976)
DHIR ERIET 3.

BREBEOEEBIVWTHAHIREAZRLTEWRYL, £H 1 TREENOHEESR
PR LEAEORENS V. TA I ReppD M T B0 B OB A IEH ISR
TrEEWHL. ABMOBESESFAEIATLE - A TREEEA%RT 3. &84 2. 3
CTHELAL+ E3BUHBOBERER PR E>ILEDAS. LAL. BERD
LALEAICELL,

TORBULDWTETHROEAN > BET 3,

Cutting(1976) R ME M L EA LA EBBEOEEICD W T3 DOKME RN LT |
W B,

1. B VAR NLVTOEE



(fusion by integration of waveforms)

2. BEEHWRBORELLDHEE

(fusion by integration of acoustic features)
3. EEWMBHOBMBELEER LIS
(fusion by disruption and recombination of linguistic features)

Reppd M EHEOBHINAENICHELULERBTCUULIHEBICS TS5 UF 4 — HHE
HDhdZ2ehb 1 OKEBE2ODRKBEIMLTHDIEEZT WS, 1 OKETOA
HHWEBSEIHEEOHEFEODcross-correlationd a5 AU, ZHEMICED 3.
UL2AL, ZHERBAUICHEHBICHE» S OFHIZH AL FHAFNRKINO K KE
RICEXREI L2, TETARZHOBRECHEERTLEIND 2 H, HERIC
EONEHFARHAIKREERRBALICEELERILEEENS. SFF5UF 4 — 3%
REBHTA2ZILIWLLTEULULIEHEHE HDD2VWEFOREBRTHME A2 H TR
BIE->2THEUDELHEHEEIANTWVWS, SEOEERTIEIRepp(I1877T)HEHL T 3B
FSETEO LOKBTOMENAREOEROARNS 55U 5 HEILHE
Led@Ednsdsd Lhl. TEOBMANRRELELNIERTAEH » £
RLBNWTHLIFIVUFARAEBEEATNHWS (Bl A E. Studert-Kenedy &
| Shankweiler,‘1970) e SHOERTIHREFIMEWD ZNETOERE T ER
S BEENEASNE REAFPRONADP o ERAIBEORECH o 2 7 8
HARAEBZ LN D,

EFHEHmORLEEIREL, 2. 3OBETTAZ, ZHEZOIETHRYHH O
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