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Results - Ventriloguism eftect and attererfect

Visual (V) signals can influence the perceived location of  In distance dimension only a few previous studies o o o
auditory (A) stimuli. This interaction has been available. Most of them suggest that VE is stronger a) Localization performance b) Ventriloquism effect and aftereffect c) Ventriloquism aftereffect vs. effect Summapy-
extensively studied in horizontal dimension: when A stimuli are associated with closer (vs. further) V - ] ' . . .

; -y - - - ST 40 o ] o L ] This study examined Ventriloguism Effect (VE) and - underlying neural representation not using log space as
Ventriloguism effect (VE) - perceived origin of a soundis~— stimuli o 100 2% 100 oo, | S assumed here. Far V-Further, the pattern is consistent
shifted towards (or "captured by") the location of Proximity image effect - in anechoic space, A object is 30+ © 0 o o 9 | = K A_ﬁEPEHEEt (\_/A) induced by AV St'm'{l' AVER d range of A ot | | ( tant shift)

| V stimulus when the stimul T [ = k% J E distances using a constant V-to-A distance ratio. Visual W/t 80aptation il iinedr spate A1.e., a tonstant shit).
concurrently presented V stimulus when the stimuliare  unified with a closer V target (Gardner, 1358). O e ] F} 5 . - o i i v with auditary target However, V-Closer adaptation shows pattern opposite to
at separate locations (Jack and Thurlow, 1373). A-V unification in VE is more effective tor closer V stimuli g 5l | %; - -1 |- B . | Shl'rfnu[; presente sdlrlnu apeuu? thI dqu tory targets what linear shiftwould predict Other types o
Ventriloguism aftereffect (VA) - shifts in perceived A (Mershan, 1980; Zaharik, 20083), but experiments were T 5 I shitted  perceived location of the auditory targets in anrasantatinn Cood 4 b byt
location persist after repeated presentation of performed only with a single fixed V stimulus. < % < dLSJ;fEEZ E|IITIE!I'I|SII]I‘I (l/tentrlluqm.sm Ehf[e':t)' “31; rezuétl']rl']/g p |
horizontally mismatched A-V stimuli, even after V is Closer V stimuli tend to induce stronger VA than further V g 10} ) — * o SNITt nad complex patiern. varying bETWeen od and Juvo .

] (I%I 1398). This d - ’ timuli (Min. Marshon 2005) : § ”,¢{~.~~ ",I\ [ = 507 2 50 N of AV displacement. The effects were more complex VA and VE could be aftected by baseline performance. f
removed (Recanzone, [36). This demonstrates rap stimuli (Min, Mershon 200a). | o 5 LT 5 . 8 L compared with previous results which used anly one referenced to the pre-adaptation A-anly baseling, VA
short-term recalibration of auditory localization (Shams ~ Short-term A-V re-calibration can be linear or logarithmic g L 1T r 1 . KR o " ) = " | iff hetween V-[! V-Further b
et al., Z011) (in horizontal dimension studied by Shinn-Cunningham et ~ | ..l I I’"‘ S IS " component (bardner, [368; Mershon et al.1380; Zahorik, ITTEFENLE DELWEEN T-LIOSEr dnd T=rUrtier DELOmes

e Y : h - - l """""" 1 —~ o5/ ' 2 5 ] 2003). smaller, however V-Further is still stronger for near
) S ] ks " o 1 = | e . P targets (Fig. Ja).
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I I % N Nl B 5 ol " v ypotheses ?’Vﬂ I.IEtIFII'I. The relative strength of the V-Closer vs. V-Further eftects
E |_| I" I" E nt St |_| dy =~ L 0 £|> HI: As expected, V-Closer exhibited s.trunger VE than varied. V-Closer was stronger for VE (Fig. 2b), weaker
é’ _0h ] é’ o = —— AV (V—Closer) V-Further but on Y for targets at distances larger than for immediate VA (Fig. 7c), equal to V-Further in
5 3 5 o : — ﬁ\xvg::urtk;er) |.5rn|,|fur closer |[|St\7nEES |:hE V-Closer eftect was nost-adaptation VA (Fig. 3a), and stronger when initial
: T : : . . . o o w —25 \ 4 | —Closer to V-Further. - - -
Systematically study VE and VA in distance dimension  Does the mechanism of A-V alignment operate on linear or = o o o ! ]T/I\I/I = 25 o ° S I A (V—Further) HZS-HI]H o urt|33|ua Vll\] “rt o V-Eurthar th vs. final uns Were EquEFEd (FIIEI- 3b). ThIS suggests
for a range of target distances directly ahead of lngarithmic scale? - o o o © = 0 T ‘. . - UTIEXPECIECLY, 1R Was STranger i v-rUrtier than that multiple adaptation mechanisms mignt operate at
listangn -30 o . VE VA = 2 N N el A (Baseline) V-Closer condition. However, this difference was not diffarent time scales
' . . | | | | | | | | — | | | | confirmed when persistent VA was evaluated.
Induce VE and VA using multiple speaker (A) + LED (V) Hyputheses: 63 107 146 184 63 107 146 184 68 107 146 184 | | |
pairs with a fixed A-V distance ratio, by placing V HE- The stimul will induce VE in distance dimension. It will target distance [cm] _ _ Results _E'|SU _ml_EIht_hE atfected by design choices and
$0% turther o closer than A. iJE stronger in the V-Closer than V-Further cnndiltiun Discussion: technical ||m|.tat||1|.13:
(similar En Mershon et al. 1980, or Zaharik. 2003) FIGURE 2 (a) Mean localization responses during displacement of V component relative to A component Figure Za shows raw responses in adaptation condition. The effect decreased in both VE & VA was stronger for nearby targets in V-Further - the 307 AV disparity tor V-Closer vs. V-Further
Huestions: HY. The induced shifts will |.J’EI“SiS£ o intanloa o A-u.nly adaptation runs (average of runs 4-8) and A-only in misaligned AV stimuli. Data plotted as a function of and baseline conditions relative to (re.) conditions for targets at opposite end of condition, and for distant targets in V-Lloser condition. conditions means that a stronger disparity was induced
s the strength of induced VA § VE: timuli creating VA, The VA strength will be proportional haseline runs (average of runs 2.3) as a function of ~ target distance. Thin dashed lines represent minimum actual A-component of target. Shitts are range (1% V-turther, a7 V-Closer). VA This could be a result of: | 'h” Vd'_[:lﬂ_she'" F””d'ft{l”“ on 4 log 333'_5?h A
- constant across the examined range? ta VE. as in Kapco et al, (2009). VA will be stronger for target distance, plotted on a log scale and expressed in and maximum of the effect. In panel bars: Size of VE nhser\(ed for both V-Closer and V—Fu.rther (dashedlllnes) was weaker but roughly | - eﬁect of target plausibility. If the shlfted.respunse falls - the distribution LD\V FDmFDnEHtSI'WILtI FESIJEET_];[U
- equal in V-Further and V-Closer conditions (see Fig. )7 \-Closer adaptars (as in Min and Mershon, 2005). nercent of target distance. Circles denote the location (Ieft-most two bars) and VA (right-most two bars) cnndﬂmnsl and hqth A-nnly and Ay trlalls proportional tn.VE. (compare corresponding into the actual A-range, then.he effect is stronger than EIElmllJEl".EﬂFt.S Iﬂz stimuli was slightly non-unitorm (see
s there a direct relationship between observed VA and VE of misaligned LEDs (V component of incongruent AV averaged across target distance. (c) VA as a portion of (colored lines). Size of shifts varies with dashed and solid lines). when the response falls outside the A-range (known CIrcles in Fig. El).. o | o
ttore? stimulus). Solid blue and green lines represent VE as a function of target distance. Data from two condition, stimulus type and target distance.  The proportion of VA relative to corresponding from initial runs). - speaker and LED distribution was linearly unitorm, i.e.,
p | responses on AV trials. Dashed blue and green lines subject groups are pooled together. All figures show In baseline, bias very small (black line). VE is shown in Fig. dc. VE generalized to VA - "cumulative” adaptation. It V-Further AV discrepancy at denser for far targets it underlying representation is
represent responses on A-only trials in adaptation across-subject means and SEMs: panel (c) has no VE and VA are plotted as a function of source much more in V-rurther than V-Closer certain location affects all closer |ocations, in addition logarithmic;
runs (interleaved with AV trials). The V-Closer data are arrar hars distance in Fig. Zb. VE (solid lines) was condition. On average, VA was B0% of VE in to the target location, then the effect is expected to - the same LEDs were used to induce the shift and to
shown in blug: V-Further data in green. Black dashed strongest (30%) tor tar sources in V-Closer  V-Further and 2a% of VE in V-Closer decrease with target distance (and vice versa for collect responses. Theretore, an association between
ine represents baseline from A-only runs. (b) condition and for near sources in V-Further  condition. V-Closer AV discrepancy). In other words, adaptation individual LEDs and sound distances could have been
M Eth 1 d S Ventriloquism effect (solid) and aftereffect (dashed appears to generalize mostly to locations that are in the  induced, instead of shifts in auditory maps.
line) expressed as a proportion of the size of the direction opposite that of the induced shitt.
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Both ventriloquism effect (VE) and ventriloquism
aftereffect (VA) vary with distance and direction
of induced shift.
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Nesults - Persistent and immediate VA

Follow-up studies

1 1 What is the distance AV validity) aftect VA & VE?

c) Follow-up 2 alignment mechanism?

the perceived sound distance.

< 45 cm j :
<3030~ =03 VE is stronger in V-Closer condition, but VA ST T— T——
< N _ . urrently, two tollow-ups: ow does Initia EXpOSUrE
D =146 cm a) Persistent and immediate ventriloquism aftereffect b) Initial and Final AV-aligned runs UI'IEXpE[:tE["y stronger In V-Further condition. a) Gurrent stud\y Furth _ . What is the baseline aftect performance?
FIGURE 1 Experimental setup and stimuli. Circles represent LEDs (open = LED on, filled = LED off). In the | T Post V—Clc | | | | | | | | | e JILIED SESSION erformance with AV What is the effect of magnitud
- = - - T -=-==AV-C| o 2 Y P gnitude
AV presentations, only one LED and one speaker was on at any given time. The LED was aligned withthe % R | }-="7T"--- . NV > _ oy AV o 1 1 information (Fig. 4b)? of AV-discrepancy?
cer in AV-Aligned i the V-Closer and V-Further conditions, the LED | 20 ‘ rostVrurther 20 g arener The short-term adaptation persists for minutes V-Closer session g o
speaker in AV-Alignea condition. In the V-Lioser and V-rurther conditions, the was approximately * 1 _ | * —— AV V—Closer - 2. How does performance How do stimulus characteristics
: : * //// //// : : S :
30% closer or further, respectively, than the active speaker. }I( 1 ..... N J, T AVV-Further and tens of minutes after ﬂdﬂptﬂtiﬂﬂ, with EC|I.|3| ) Fall - e change if no V information is (duration, AV synchrany.
. = N : : . ollow-up rovided (Fig. 4c)? intensity, envelope/number of
_ o . { = 10l R magnitudes in V-Closer and V-Further conditions. i i p - cats yu,, Emmgpica|
Setup (F|g 1): Subjects instructed to ignore visual stimuli and focus on <L : CER A ad_ Future Questions: '

d speakers covered by sound-transparent cloth in front of
the subject at the ear level (closest speaker not used). Expgrimgnt (F|g 43);
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Eustnmkmade array of LED lights mounted 20 cm above the 34 subjects. O,[‘ ******************* e 3 . . 1 -3’ YV VVVVV VYV Y] HIGURE 4 (a) Organization of the current experiment. Each subject
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St'p I' yd R —— S ZD!'IE hngr Sessions, condition (V-Closer vs. V-Further) . : . | | | oo perfqrmed twn sessions (V-Closer session followed IJy.V Further
imu |_IJ_FESE”tE Vig and Lrown LIS fixed within session. ) B & 3 N B Persistence of VA was evaluated by Figure 3b shows the change in performance session, or vice versa). Fach session started by AV-Aligned run,
amplifier. Each session contained |l runs (Fig. 4a). o ~~~]~\ w 13; 1 [ comparing performance in post-adaptation between the initial and final runs (both A-only run . V-Further run~ followed by two A-only runs, 5 incongruent AV runs, two A-only runs,

Stimuli: b4 trials per run (self-paced), ol ms inter-trial pause. 1 R faate ::..-'l< = R R R runs 3 & 10. The shift induced by the V-Aligned) of each session. The AV responses I V-Alianed run B V-Closer run and a final AV-aligned run. (b) Experiment to determine V-Aligned

A-only stimuli - 300 ms broadband noise presented at Two types of run: L 1 1 ] ° displaced V signals persisted even after the are unaffected by the adaptation runs (solid L baseline. (c) Experiment to determine A-only baseline.
fixed level: received level range 49-54 dB(A). - AV runs - 75% of AV trials randomly interleaved with -~~~ Adapt V-Closer adaptation runs (dashed lines with 'x’ lines lie on top of each other). A-only

AV stimuli - A companent identical to A-only: V component A-only (probe) trials (2a%); -=--Adapt V-Further | symbals in Fig. 3a). dimilar to immediate VA responses still show bias (dotted lines), even
(LED light) turned on and off in synchrany with A - A-only runs - all A-only trials -0t . . . . .4 20 | | | | | | — observed during adaptation runs (dashed though they are interleaved with V-Aligned References

: ' ' | 68 107 146 184 08 107 146 184 lines without symbals), V-Further stimuli stimuli and even though no adaptation stimuli
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Enndltlnns (Flg- I)- Sﬂund a’[.’[Enua’[Ed S|‘|‘|E||| (2 3 . 3 3 |'|'|) pEVEPhEran’[ - target distance [cm] EEILISEd 9 Shlft away fFDITI thE |iStEI'IEF fl]l" WETE JI"ESEI'ItE'.EI in pr‘EEEding 2 runs. ThE‘. Earf\ner, Iifl Bl. élElEBJZ. “F'fr:xirni.ty iT;gIEE;ffEEt in sound |ocalization,” Journal of the EE%EE;;ings of the National Academy of Sciences of the United States of America 93,
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V-All‘and ) LE[] EltnthE Same dIStEﬂEE a3 SI]IJI'ICI. BE]EI( PULII'Id noise 35 dB(A) ﬂEEll"hV tEIPEIEtS. V'ElEISEF StllTILIlI EE”-ISEd d A'Dﬂ|y |J|EIS 1S mUStly 1 thE V'Eh]SEP ElEItEI Jack, C. E., and T|‘IUF|IZW, W. R. (1973). "Effects of degree of visual association and angle of ~ Shams, L., Wozny, D. R., Kim, R., and Seitz, A. (Z011). “Influences of multisensory experience

V-Closer - LED BMDJ closer than sound. : ' Figure 3 (a) Immediate and persistent VA relative to d-10). (b) Performance in the final (run #l1) vs. initial shift towards the listener for distant targets.  (blue dashed ling). Knp‘ifph'fﬁmﬁgtgg ;';ﬁﬂ:;"ﬂ'jﬁ;fﬁrr"n oot Ei;“he(p;ﬁg'gﬁ”gxiggﬂsekif'lzme . Shm“ﬂ”_g':ﬁifnqg“hea”:n”Eis[f”sstt'geﬂ;i“?Ssaigg"lgggﬂef(ignp[fﬁy;h,.”'”gy LB

V-Further - LED 30% turther than sound, DPE'EIEIEI[JtBtiDH baseline (A'I]ﬂly runs 2 & B) Dashed (FUFI #') AV'AllgﬂEd runs. dolid lines - AV trials (75%) MEIQI'IitLICIES of shifts were similar for veﬁtr'iluquisr'n aftereffect. Journal n'fNeurnscienEE, 29(4.4):|38|]E|-|38|4 [aharik, P. (2|]|]3)."'A.ud.i'tnry and \;iSL'IEI| distam:'e |;IEFI‘EE|J’[iIJﬂ:.T|'IE proximity image effect

Task: lines without symbols - shift in A-only responses Dashed lines - A-only trials (20%). \-Closer and V-Further conditions, even Merj.h“”' D4, Desa.”'”i_eprs' D. K. and Amegf””' d ('98.[['1)' Vf,?j' “apt‘freffad‘.””“ry revisited," J Acaust Soc Am 13, 2270-2Z70
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Subjects indicated perceived sound distance by selecting uring adap . | ougn the immediate VA SNITLS Were large oy T005). A Adiacency effect in auditor distance perceation” Acts 115 Wk was susported by EU Marie Curie rant (FP7-247548),Scientiic grant agency o
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